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Since the preparation of our last report there has been much activity 
in the determination of atomic weights. A brief summary of the results ob- 
tained is as follows: 

Chlorine. — A novel comparison of chlorine with oxygen is due to Guye 
and Fluss. 1 Nitrosyl chloride, NOG, was first weighed, and then dis- 
tilled over silver, to absorb chlorine, then over heated copper, to absorb 
oxygen, and finally over metallic calcium, which retained the nitrogen. 
The complete analysis of the chloride was thus effected. From the direct 
weights of the oxygen and chlorine, Cl = 35.468. 

Nitrogen . — In the investigation just cited, Guye and Fluss give data 
which correspond to N = 14.006. Guye and Pintza 2 determined the 
density of the mixed gases produced by the decomposition of ammonia, 
and so measured its composition by volume. If H = 1.0076, then 
N *= 14.014. The authors regard the determination as having only a 
significance corroborative of the lower value for nitrogen. 

The ratio AgCl : NH 4 C 1 : : 100 : 37.3217 has been measured by 
Richards, Koethner and Tiede. 3 Reduced with Ag « 107.881, Cl « 
35.4574, and H = 1.0076, N ® 14.0085. If H = 1.0078, N ~ 14.008. 
The values assigned to silver and chlorine are derived from former re- 
searches by Richards and his colleagues in the Harvard laboratory. 

Carbon . — From the ratio between silver and tetraethylaramonium 
bromide, as measured by Scott, 4 C = 12.017 when Ag = 107.88. A 

1 J. chim. phys. f 6, 732. 

J Compt. rend., 147, 925. 

* This Journal, 31, 6. 

4 J. Chem. Soc. t 95, 1200. 
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single experiment with the corresponding methyl compound gave C =* 
12.019. These values are too high to be accepted until they have been 
confirmed by other methods. 

From the density of methane, Baum6 and Perrot 1 find C «* 12.004. 
From the density of toluene, as determined by Ramsay and Steele, Leduc 2 
computes C — 12.003. 

Iodine and Silver. — Baxter and Tilley 8 have determined the ratio 
between iodine pentoxide and silver. The pentoxide was reduced by 
means of hydrazine, and the hydriodic acid so produced was balanced 
in the usual way against silver. From the ratio thus found, I 2 0 5 : 2Ag 
:: 100 : 64.6225, and 64.6230 (two series), combined with the ratio 
I : Ag :: 100 : 84.8843, the authors find that the atomic weight of Ag 
lies between 107.847 and 107.850. The corresponding value for iodine 
is I = 126.891. 

Phosphorus. — From the density of phosphine, PH S , Ter Gazarian 4 
finds P = 30.906. 

Arsenic . — Atomic weight redetermined by Baxter and Coffin. 5 The 
ratios Ag 3 As0 4 : 3AgCl and Ag 3 As0 4 : 3AgBr were determined by two 
methods: one by solution and precipitation in the usual way, the other 
by heating the arsenate in a stream of hydrochloric or hydrobromic acid. 
The final, mean result is As = 74.057, when Ag « 107.880. 

Chromium. — From analyses of silver chromate, by two methods, 
Baxter, Mueller and Hines® find Cr *■ 52.008 when Ag = 107.88. With 
similar analyses of silver dichromate, Baxter and Jesse 7 find Cr = 52.013. 
The mean value is 52.01. 

Tellurium. — Lenher 8 converted the double bromide K 2 TeBr 6 into 
2KCI by heating, first in a stream of chlorine, and afterwards in hydro- 
chloric acid. Sixteen very concordant experiments were made, giving 
the molecular ratio between the two compounds. The final mean value 
is Te = 127.55. 

Mercury. — Analyses of mercuric chloride have been made by Easley, • 
who determined the proportion of mercury in the compound, and also 
the ratio HgCb : 2AgCl, By the first method, Hg = 200.48; by the 
second method Hg = 200.62. These values are surprisingly high, but 
as Easley is to continue his investigation it would be unwise to accept 

1 Compt. rend., 148, 39. 

2 Ibid., 148, 832. 

8 This Journal, 31, 201. 

4 Compt. rend., 148, 1397. 

8 This Journal, 31, 297. 

* Ibid., 31, 5»9- * 

» Ibid., 31, M*. 

* Ibid , 31, so. 

* Ibid., 31, 1307. 
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them until his work is all done. It is quite possible that the increase 
may be ultimately verified. 

Palladium . — Atomic weight determined by Gutbier, Haas and Geb- 
hardt/ by analyses of palladosamine bromide. The final, most probable 
mean value, when N 2 H 6 Br 2 = 193.908, is Pd — 106.689. 


International Atomic Weights, 1910. 




Atomic 



Atomic 


Symbol. 

weight. 


Symbol. 

weight. 

Aluminium - - 

A 1 

27.I 

Molybdenum 

. . .Mo 

96.0 





Antimony . . . 

Sb 

120.2 

Neodymium 

. .Nd 

144*3 

Argon 

A 

39-9 

Neon 

.. .Ne 

20.0 

Arsenic ... . 

As 

74.96 

Nickel 

...Ni 

58.68 

Barium . . . 

. . . .Ba 

137 37 

Nitrogen 

. . .N 

14.01 

Bismuth 

Bi 

208 . 0 

Osmium 

. Os 

190.9 

Boron. . . 

. .. . B 

11 .0 

Oxygen 

. .0 

16.00 

Bromine. . . 

Br 

79 • 92 

Palladium 

. . .Pd 

106.7 

Cadmium . . . 

Cd 

112.40 

Phosphorus. . . . 

...P 

31.0 

Caesium . 

.... Cs 

132.81 

Platinum 

. . Pt 

195*0 

Calcium... . 

. Ca 

40 . 09 

Potassium 

. K 

39.IO 

Carbon 

.... C 

12 00 

Praseodymium. . . . 

...Pr 

140.6 

Cerium 

Ce 

140.25 

Radium. .... 

. . ,Ra 

226.4 

Chlorine. . . , 

Cl 

3 5. 4 <> 

Rhodium 

..Rh 

102.9 

Chromium . . 

Cr 

52.0 

Rubidium 

..Rb 

85-45 

Cobalt 

Co 

58.97 

Ruthenium 

. . Ru 

101 . 7 

Columbium . 

Cb 

93-5 

Samarium ... . 

.Sa 

150.4 

Copper . 

. ..Cu 

63- 57 

Scandium 

..Sc 

44.1 

Dysprosium . . 

Dy 

162.5 

Selenium 

..Se 

79.2 

Erbium 

Er 

167.4 

Silicon 

...Si 

28.3 

Europium 

. . Eu 

1520 

Silver 

• Ag 

107.88 

Fluorine 

F 

19.0 

Sodium 

. Na 

23.00 

Gadolinium . . 

Gd 

157*3 

Strontium 

. Sr 

87.62 

Gallium 

Ga 

69.9 

Sulphur 

. S 

32.07 

Germanium . . . 

Ge 

72.5 

Tantalum 

. Ta 

181 .0 

Glucinuin 

G 1 

9*1 

Tellurium 

. Te 

127.5 

Gold 

Au 

197.2 

Terbium 

.. Tb 

159*2 

Helium 

He 

4.0 

Thallium 

...Tl 

204.0 

Hydrogen — 

H 

1 . 008 

Thorium 

. . .Th 

232.42 

Indium 

In 

114.8 

Thulium 

.Tm 

168.5 

Iodine 

1 

126.92 

Tin 

. . .Sn 

119.0 

Iridium 

Ir 

193*1 

Titanium 

...Ti 

48.1 

Iron 

Fe 

55-85 

Tungsten 

...W 

184.0 

Krypton 

Kr 

83.0 

Uranium 

...U 

238.5 

Lanthanum. . . 

La 

1390 

Vanadium 

...V 

512 

Lead 

......... Pb 

207 . 10 

Xenon 

...Xe 

130.7 

Lithium 

Li 

7.00 

Ytterbium 



Lutecium 

Lu 

174*0 

(Neoytterbium).. 

...Yb 

172.0 

Magnesium. . . 

Mg 

24.32 

Yttrium 

. . Yt 

89.0 

Manganese — 

Mn 

54*93 

Zinc 

. .Zn 

f >5 *37 

Mercury 

Hg 

200.0 

Zirconium 

...Zr 

90.6 


* J. prakt. Chem. [2], 79, 457. This includes the work of Haas, cited in the report 
for 1909. 
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Krypton ci'nd Xenon. - -Moore 1 isolated krypton and xenon in consider- 
able quantities from the residues from 120 tons of liquid air. Calculated 
from the densities of the two gases the atomic weights are Kr — 83.012, 
and Xe *= 130.70. 

It will be seen from the evidence given above that few changes are needed 
in the table of atomic weights. Chromium, 52.01, may be rounded off 
to 52, as compared with the 52.1 formerly accepted. Arsenic becomes 
74.96, in accordance with the work of Baxter and Coffin. The new 
values for krypton and xenon should also be adopted. As regards mer- 
cury, action may be deferred until more evidence is received. 

Signed, F. W. Clarke, 

T. E. Thorpe, 

W. Ostwald, 
G.'Urbain. 


[Contribution from the Chemical Laboratory of. Harvard College.] 

FURTHER INVESTIGATION CONCERNING THE ATOMIC WEIGHTS 
OF SILVER, LITHIUM AND CHLORINE. 

By Theodore w Richards ani Uomakt iiitrd Wilumd. 

Received Octobe* 1009. 

PART I. — THE RATIO OF LITHIUM CHLORIDE TO SILVER CHLORIDE AND 

SILVER. 

Introduction. 

The present uncertainty in the atomic weight of silver causes confusion 
and uncertainty throughout the whole table of atomic weights* Long 
ago Dumas 2 pointed out that Stas, with all his care, had not succeeded 
in preparing pure silver, and accordingly that the atomic weights re- 
ferred to silver need revision. Later, in reply to Dumas, Stas 8 sought 
to determine the oxygen remaining in the metal and succeeded in finding 
only a trace. Hence for many years Dumas' criticism was unheeded. 
A careful study of Stas’s experiments shows, however, that the metal 
which he used in these later trials had not been treated in the same way 
as that which he used in his work upon atomic weights and hence that the 
presence or absence of oxygen in the later samples proved little with 
regard to the earlier vsamples. As a matter of fact it was shown in 1903 
in the chemical laboratory of Harvard University 4 that Stas’s silver 

1 J. Chem. Sot , 93, 2181. 

2 Dumas, Ann. chitn. phy 9., 14, 289 (1878). 

3 Stas, Oeuvres Complete*, III, 106-125 (Brussels, 1903). 

4 Richards and Wells, “A Revision of the Atomic Weights of vSodium and Chlorine,” 
Carnegie Institution of Washington, Publication No. 28; This Journal, 27, 459 
(1903); Z. anorg. Chcm ., 47, 56 (1905). This paper is reprinted in full in “ Experi- 
mented* Untersuchungen iiber die Atomgewichte,” by T. W. Richards, page 689 (Ham- 
burg, 1909), and also in Chcm, News, 93. 
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must have been impure to the extent of at least 0.015 per cent, and that 
therefore his value for the atomic weight of this element, as well as of the 
others which had been referred to it, must have been in error. Clearly 
Stas’s value for silver must be too large, but no attempt was made at that 
time to discover just how great the error might be, this proof being a 
somewhat complicated matter. Since that time increasing evidence 
has been presented, especially by Guye, tending to show that the dis- 
crepancy is serious. Because most other elements are referred to oxygen 
only through silver, on account of the insolubility of many silver salts 
and their consequent ease of precipitation, this uncertainty in the atomic 
weight of silver is one of very serious moment. Indeed a majority of 
the atomic weights cannot be referred to oxygen with precision until 
the relation between silver and oxygen is ascertained without doubt. 1 

To discover the most suitable method of attaining this end, and to 
obtain the greatest accuracy possible in the solution of the problem, was 
the object of the present research. We were fortunate in being able 
to profit bv previous experience, many of the difficulties having already 
been surmounted in previous investigations carried out in this labora- 
tory. 

Before discussing the present investigation, it will be helpful to review 
briefly the work previously done relating to the oxygen-silver ratio. 
Unfortunately no compound of silver and oxygen exists of a nature 
suitable for exact work. The two common oxides of silver are far too 
unstable to yield results possessing any precision, and moreover, the 
amount of oxygen in even the higher of these oxides is a comparatively 
small percentage of the whole. Hence the necessary errors of the de- 
termination are greatly magnified in the calculation. For this reason 
it is necessary, as Stas realized, to study a compound of silver and oxygen 
which contains some third element, and various salts are available for 
the purpose. Stas himself used chiefly the chlorates, bromates, and 
iodates for this purpose, determining the ratio 3O . Ag by multiplying 
together the values found by him for the following pairs of ratios, thus: 

30 JCC 1 _ 3O 3O AgCl 3O 3 0 4 AgBr _ 3 0 3O _ # AgI ^ 3O 
KCf Ag Ag’ AgCl" Ag Ag’ AgBr * Ag ~ Ag’ Agi Ag Ag' 

In each case the first ratio was obtained by the decomposition of a 
halate ( i . e., a chlorate, bromate, or iodate) and the second ratio by the 
comparison of silver with a halide. If the exact identity of the halide 
obtained from each oxygen salt with that employed in the corresponding 
iecond process could be proved, and if the various substances had been 
pure, the method would have been an admirable one; but unfortunately 

1 “Report International Committee on Atomic Weights,, 1906,” Guve and Ter 
Gazarian, Compt. rend., 143, 411 (1906). Noyes, This Journal, 29, 1719 (1907). 
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neither of these important qualifications was completely attained. More- 
over, other minor errors crept into the work. 1 

The nitrate and sulphate of silver were also studied by Stas, and his 
figures concerning these substances may be used in a similar way. These 
researches have been recently repeated with greater precision in this 
laboratory, 2 but here the outcome is complicated by the fact that the 
relation neither of nitrogen to silver nor of sulphur to silver is precisely 
known. Nitrogen, it is true, has been referred with much plausibility 
to oxygen, with the help of gas densities; but this is a physical rather 
than a chemical method of determining atomic weights. Excellent 
though it undoubtedly is as corroborative evidence, it cannot carry with 
it the conclusiveness which a chemical determination could furnish. 
On the other hand, the atomic weight of sulphur is far from certain. 

Without attempting to give a complete historical discfissipn, the most 
important results of other investigations may be mentioned. The in- 
teresting and valuable results of Dixon and Edgar,* of W. A. Noyes 4 
and H. C. P. Weber and of Edgar alone 5 upon the quantitative synthesis 
of hydrochloric acid furnish less direct evidence upon the matter in hand, 
for they need the introduction of two other ratios, namely, that of hy- 
drogen to oxygen and that of chlorine to silver, in order to solve the prob- 
lem. Thus: 

2 H # 2 C_ O _ O 
2C1 2 Ag 2 H 2 Ag‘ 

Even if the result were not burdened with all the errors which may reside 
in the additional figures, it would not be very satisfactory, because oxygen 
is compared with over thirteen times its weight of silver, and any error 
becomes greatly magnified in the calculation. 

Simpler arithmetical manipulation is demanded by the recent interest- 
ing complete analysis by Guye and Fluss 6 of nitrosyl chloride, NOC1, but 
the result is still somewhat open to the last objection. Thus: 

O # Cl _ ° 

Cl # Ag ** Ag 

Here the weight of oxygen for a given weight of silver is double that in 
the last case, 

A more promising method has been developed by Baxter, 7 and carried 

1 The best discussion of this subject is to be found in Brauner’s admirable dis- 
cussion pn 4 'The Fundamental Atomic Weights'* in Abegg's “Handbuch der anorgan- 
ischen Chemie,” II, i, 177-182. 

1 Publ. Carnegie Inst., Washington , 69. 

* Phil. Trans., *05, 169. 

4 This Journal, 30, 13 (1908). 

* Proc. Roy . Soc., London (A) 8i, 216 (1908). 

* Guye and Fluss, J. chim. phys ., 6, 732 (1908). 

7 Baxter and Tilley, This Journal, 31, 201 (1909). 
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out with the assistance of G. S. Tilley, namely, the direct analysis by 
decomposition of iodine pentoxide. In this way may be determined 
with considerable accuracy the ratio I 2 : 5O and by multiplying the results 
by the ratio of silver to iodine, 1 the ratio of 2Ag : 5O is at once obtained. 
Thus : 


50 # 2l_ ^ 5O 
2I 2Ag 2Ag 

If the second ratio were known with the greatest accuracy, this method 
would be an excellent one, but the peculiar nature of silver iodide has 
interfered with the attainment of quite as certain results concerning 
this substance as concerning the other silver halides. 


The values obtained for silver from these various methods range from 
107.92, based upon Edgar’s value for chlorine and Morley’s value for 
hydrogen, to 107.85, based upon Baxter and Tilley’s work with iodine 
pentoxide, and it is safe to conclude that the truth lies between these 
extremes. Nevertheless, the range of uncertainty (0.07, or distinctly 
over one- twentieth of one per cent.) is far too great for a datum of such 
importance*. 

The necessity for further work upon the ratio of silver to oxygen is 
very evident, and the present paper recounts an extended investigation, 
protracted over two years, which has furnished entirely new results of a 
nature apparently more trustworthy than any that had gone before. 

As a first step, all substances which might possibly be available for 
obtaining^fur ther knowledge of this very important ratio were scrutinized 
with the greatest care, in order to determine whether or not a better 
starting-point might be found. Evidently, from the foregoing remarks, 
the selection of the substance for this purpose depends upon more than 
one consideration. In the first place, it is important that the actual 
weights of the tw r o elements to be compared should not be very different, 
so that the error in one may not be greatly magnified in a calculation of 
the other; hence, because the atomic weight of oxygen is much smaller 
than that of silver, the comparison must involve several atoms of oxygen 
with one of silver, if possible. For this reason the most highly oxygenated 
salts were studied first. It is, moreover, necessary to choose a salt of 


such a nature that the two ratios 


and may each be 


MXOy t MX 

~lk/rxr~~ and 

MX Ag 

accurately determined. With respect to each requirement, the per- 
chlorates seemed to furnish a peculiarly suitable starting-point. It is 
indeed remarkable that all previous investigators have chosen to work 
with chlorates in preference to the perchlorates, which are more stable, 
contain more oxygen, and are more easily obtained pure* 


1 Baxter, Proc. Am. Acad., 41, 73 {1905). 
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The choice among the perchlorates was determined by the other con- 
siderations which must always form an important factor in a choice of 
this kind, namely, the nature of the substances to be weighed. In order 
that accurate results may be obtained, it is obvious that all the substances 
whose precise weights come into consideration should be capable of 
complete purification and thorough drying, and the great difficulties 
attending these processes are governed largely by the specific nature of 
the substances. In order that a substance may be prepared in a pure 
state, it must be capable of easy crystallization in such a way as to free 
it from its usually attendant impurities; and in order that it may be dried, 
it must be capable of fusion without decomposition. There are no per- 
bromates and the periodates are too unstable; among the perchlorates 
the only substance which corresponds to these specifications seems to 
be lithium perchlorate, which fuses at 236° and loses no ofcygen at 300 °. 
Fortunately in other respects this substance is peculiarly well suited 
for the purpose. Its decomposition products, if any, can be accurately 
determined. It crystallizes well, and its solubility has a large tempera- 
ture coefficient; therefore it may be easily prepared pure. It is not 
deliquescent or markedly hygroscopic in fairly dry air. It can be synthe- 
sized from the chloride merely by the evaporation of this salt with a 
slight excess of perchloric acid, the less volatile perchloric acid easily 
expelling the more volatile hydrochloric acid. Finally it contains over 
60 per cent, of oxygen — probably more available oxygen than any other 
known compound, not excepting anhydrous hydrogen peroxide. Ten 
cubic centimeters of the salt, weighing about 24 grams, contain enough 
oxygen to occupy, under normal conditions, nearly 10 liters, and all this 
oxygen is lost when the salt is converted into chloride. Lithium has 
the least atomic weight of any metal, and chlorine the least of any halogen 
which forms oxygen salts; therefore it is easy to see how this favorable 
circumstance comes to pass. Such a substance affords a far more satis- 
factory means of weighing a gas than any attempt to weigh it in an un- 
combined condition. When one considers the bulky apparatus necessary 
in weighing gases, with the attendant errors, and the unavoidable small 
weights of gas, it is easy to see the superiority of a process involving a 
solid salt, containing the gas in an exceedingly condensed form. * The 
weighing of hydrogen absorbed by palladium, a method employed in the 
recent work on the synthesis of water, is an illustration of this point. 
In the present case, we may consider the lithium chloride as absorbing 
oxygen, but far more efficiently. 

Lithium perchlorate was finally chosen, however, only after a careful 
study of the other perchlorates, in order to make certain that none of 
the others offered other advantages outweighing those peculiar to itself. 
Attention t was first directed toward silver perchlorate, which is easily 
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prepared by evaporating a solution of the nitrate with excess of perchloric 
acid, and expelling the free acid by heat. The salt is extremely deli- 
quescent, and is difficult to dry without slight decomposition. Its fusing 
point is so high (486°) that it cannot be completely fused before violent 
decomposition begins, and for the same reason an accurate determination 
of the water remaining in the salt dried at a lower temperature, would be 
difficult, if not impossible. Silver perchlorate was, therefore, abandoned, 
although it has one great advantage — it is easily converted into chloride 
in a current of dry hydrochloric acid gas even at ordinary temperatures, 
the process involving no transfer of material. The reaction is not a 
reduction, anhydrous perchloric acid being formed. 

The alkaline perchlorates were next investigated. Potassium per- 
chlorate cannot be fused without rapid decomposition. Sodium per- 
chlorate has a lower fusing point (482°), but it decomposes slowly at this 
temperature, and hence cannot be accurately weighed. All indications 
therefore pointed to lithium perchlorate, whose virtues have been already 
described. 

The ratio of silver to oxygen cannot be determined from this salt, however, 
until that of lithium chloride to silver is known. Thus, writing the rela- 
tion in a manner analogous to that employed in the case of the chlorates: 

4O ^ LiCl __ 4O 
LiCl ’ Ag “ Ag 

Our knowledge of this second ratio (LiCl : Ag) depended upon the 
doubtful work of Stas, and this was at best freighted with the known 
errors entering into this w’ork upon potassium and sodium chlorides. 
Hence, an essential step in the new work was the determination of this 
ratio, and incidentally of the true atomic weight of lithium. Even if 
Stas's value for lithium had been precise, however, instead of as we found 
it, nearly a whole per cent, in error, there would still have been good 
reason for making this determination anew with the same material used 
in our wcfrk with the perchlorate ratio. If the same sample of lithium 
chloride is used in determining both ratios, it is evident that the value 
obtained for the oxygen-silver ratio is independent of any other atomic 
weight, and that the weight of the alkaline chloride is eliminated. It 
matters not whether this chloride is free from other alkaline metals or 
contains tl&m. To use an impure lithium salt would be, of course, a 
'waste of time; from such a substance the atomic weight of lithium could 
not simultaneously be found. 


The methods of determining these two ratios 


LiCl 


and 


4O 


are 


Ag LiCl 

so widely different that they will be treated separately. While the ratio 
of silver to a chloride has so frequently been carried out in this laboratory 
that the operation presents no difficulties, the method for determining 
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the amount of oxygen in the perchlorate was solved only after a long 
and careful research. The former of the two processes naturally pre- 
cedes the latter; accordingly the determination of the equivalent of 
lithium chloride, referred both to silver and to silver chloride will be found 
in the first section of this paper. On the other hand the second section 
of the paper deals with the preparation of the perchlorate and the deter- 
mination of the oxygen which it contains. 

We take pleasure in expressing our obligation to the Carnegie Institu- 
tion of Washington for generous pecuniary assistance throughout the 
course of the work. 

History of the Revisions of the Atomic Weight of Lithium. 

A glance at the following table, which shows the results so far obtained, 


reveals wide discrepancies. 1 # 

Atomic weight. 

Name. Year. Ag - 107.93. Ag =^07.88. 

1. Arfvedson 1817 LiCl . AgCl .10.1 .... 

2. Vauquelin 1818 LijfSO, 1 BaSO„ .. 9.3 

3. Gmelin 1819 Analysis of LLCO*. . 9.6 .... 

Analysis of U 2 S() 4 10.7 .... 

Gmelin assumes 7.65 ... 

4. Kralovansky 1827 Li 2 SQ 4 : B:iS0 4 . . 10. 1 .... 

5. Hermann 1829 Li 3 CO a : C0 8 . 6.1 .... 

Li*S0 4 . BaS( > 4 ... .6.1 . . 

6. Berzelius 1820 I,i*S0 4 : BaSO <( . . 6.69 .... 

7. Hagen 1839 Li gSO, : BaS0 4 . ..... 6.6 ... 

8. Mallet 1S56 LiCl : AgCl. . . .. 6.96 6.96* 

LiCl : Ag. . 6.92 6.92* 

9. Troost 1857 Li a CO a preliminary value. . 6.5 .... 

10. Mallet 1859 Li 4 S0 4 : BhQ, 7,01 .... 

11. Diehl 1862 Li 8 S0 4 4 BaS0 4 7.04 

Li 3 CO s : CO* 7.03 7.03* 

12. Troost 1862 Li 2 CO a : C0 8 7.00 7.00* 

LiCl : AgCl 6.96 6.96 

Li,CO s : Li*30 4 (one ex- 
periment) 7.13 

13. Stas 1865 LiCl : Ag 7.006 7.003* 

Stas himself calculated. ... 7.022 .... 

LiCl : LiNO, 6.92 6.96 

14. Dittmar 1889 LlC 0 8 : CO, 6.S9 6.89 

& 


1 This table is taken from Brauner’s admirable chapter on this subject in Abegg’s 
“Handbuch der anorg. Chemie,” II, 1, 106. The references to the original papers are 
as follows: 1. Schweigg. Journ 22, 93 (1817). 2. Ann. chim . phys., 7, 284 (18x8). 

3. Gilb. Ann, ., 72, 399 (1822). 4. Schweigg . Journ., 54, 231 (1827). 5. Pogg. Arm., 
IS, 480 (1829). 6. Ibid., 17, 379 (1829). 7. Ibid., 48, 361 (1839). 8. Sill, 
Am.J. Sci. [2], 22, 349 (*856). 9. Ann , chin. phys. [3], 51, 111 (1857). *<>• Sill, Am. 
J. Sci. [2], 28, 349 (1859). u. Lieb. Ann., 121,93 (1862). 12. Compt. rend., 54, 366 

(1862). 13. Stas, Oeuvres Completes, x, 710 and 717. 14. Proc . Roy. Soc. Edinburgh, 

$$t II# 4$9* 



ATOMIC WEIGHTS OF SILVER, LITHIUM AND CHLORINE. 


II 


All excepting one of these determinations was made more than forty 
years ago, and the most recent, made twenty years ago, involved the use 
of a questionable method. Hence it is clear that a redetermination of 
the atomic weight would be desirable, even if it were not essential for 
the precise evaluation of silver and oxygen with the help of lithium per- 
chlorate. Lithium alone among the five alkali 'metals has not received 
reasonable attention in this respect in recent years. 

Of these twenty-three values found for the atomic weight of lithium, 
only those given in the last column of the table referred to the standard 
Ag ~ 107.88 are worthy of serious consideration. A few words discussing 
their merits and defects, in chronological sequence, will not be misplaced. 

Mallet in 1856 purified his lithium chloride by dissolving it in alcohol 
and ether, but Stas has shown 1 that by this method the salt cannot be 
separated from the chlorides of the other alkaline metals. He fused 
and weighed it in a covered platinum crucible — a process which must 
have given an alkaline product, in spite of the fact that ammonium 
chloride was added. Moreover, the hygroscopic nature of the chloride 
prevents it from being exactly weighed without greater protection from 
laboratory moisture. In two experiments the silver chloride was weighed, 
and in one the solution was titrated against a known weight of silver, 
following the method of Pelouze. The latter method in its old form 
gives too low results. The various errors seem to have counterbalanced 
one another, for the average value, 6.94, is almost exactly correct. This 
happy result could hardly have been foreseen, however. 

Diehl purified his lithium by repeated precipitation with ammonium 
carbonate, thirty precipitations being required to free it from sodium. 
The lithium carbonate was then dissolved in sulphuric acid and treated 
with barium hydroxide, the lithium hydroxide thus obtained being con- 
verted into carbonate. This was dried at 130° and decomposed in a 
Bunsen apparatus by means of dilute sulphuric acid, the carbon dioxide 
being determined by the loss in weight of the apparatus. Four experi- 
ments were performed, the average value obtained being 7.03, but no 
vacuum corrections were applied, nor was a counterpoise used in weigh- 
ing. The possibilities of uncertainty are so great that no one to-day 
would be disposed to accept the result without question. 

Troost purified lithium carbonate by repeatedly dissolving it in cold 
water saturated with carbon dioxide and reprecipitating it by boiling the 
solution. In two experiments it was dried at ioo°, mixed with powdered, 
ignited quartz, and the carbon dioxide determined by the loss of weight 
on heating. In one experiment it was converted into the sulpha td. 
In two experiments lithium chloride was dehydrated in dry hydrochloric 
acid gas, which was afterwards displaced by dry air. Th# chlorine was 
1 Stas, Oeuvres Completes, I, 691. 
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determined by weighing as silver chloride, and the mean value obtained 
for the atomic weight was 6.96. This outcome possesses the virtues and 
defects of Mallet's work. 

Dittmar purified lithium carbonate by the method of Troost, but did 
not obtain a pure salt. lie fused it in a current of dry carbon dioxide, 
the pressure varying from one to two atmospheres. By this means the 
formation of oxide was prevented. The carbonate was decomposed by 
dilute sulphuric acid, the gas evolved being absorbed by potassium hy- 
droxide and weighed. The work was ingenious but very crude; the mean 
of ten results varying more than one-half per cent, was 6.89. 

Stas's work was far more careful than any cited above, although the 
final result was really not as accurate. He purified his lithium salt ac- 
cording to the methods of Diehl and of Troost. After removing most of 
the other metals by dissolving the chloride m alcohol and ctherf the lithium 
was precipitated w T ith ammonium carbonate seven times before it was 
found to be free from sodium. The lithium in the mother liquors was 
precipitated as carbonate, and this was purified by conversion* in to soluble 
bicarbonate, and reprecipitation of the solution by boiling — a very trouble- 
some operation requiring several days. Two such treatments gave a 
product free from sodium. Both methods are extremely wasteful, 1200 
grams of fairly pure carbonate yielding only 145 grams of the purest 
salt. This was converted into chloride by heating in a platinum boat 
to 1 75 0 in a current of dry hydrochloric acid gas. TJie chloride w'as then 
maintained in a state of fusion for twcni> minutes, and finally cooled 
in nitrogen, after which it was weighed m a vacuum. The solid sajt 
was subsequently dropped into a solution containing the theoretical 
amount of silver dissolved in nitric acid, and the titration was carried on 
exactly as in the work on sodium chloride. The errors incident to this 
process have been pointed out by Richards and Wells. 1 Impurity in 
the silver and occlusion of silver nitrate by silver chloride tended to lower 
the atomic weight; impurity in the lithium chloride, and the error of 
method oi determining the end point, tended to raise it. Stas himself 
calculated as the mean atomic weight of lithium from three experiments 
7.022, but this becomes 7.O03 if modern values for silver and chlorine are 
substituted. 

He also determined the ratio LiN 0 3 : UC 1 by dissolving the chloride 
in water in a large flask, evaporating with excess of nitric acid, and finally 
fusing the nitrate. Using modem values for nitrogen and chlorine, the 
atomic weight of lithium calculated from the mean of three experiments, 
is 6.961 — a value much more nearly correct than the other. 

Stas always found his lithium chloride alkaline to litmus, even when 
it had been heated in hydrochloric acid until half the salt had volatilized. 

1 This Journal, 27, 459 (1905). 
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It is difficult to account for this fact, yet it helps to explain the excessively 
high value for the atomic weight which he obtained. His lithium chloride 
volatilized in hydrochloric acid without leaving any residue, but this 
would not preclude the possibility that chlorides of the other alkali- 
metals were present. In some later work on lithium , 1 he failed to obtain, 
by the means previously employed, a sample of lithium carbonate which 
would not show the sodium line upon very careful spectroscopic examina- 
tion. It w T as necessary to volatilize in the oxyhydrogen flame, one-third 
or one-half of the carbonate, in order to obtain a residue of oxide ab- 
solutely free from sodium. From this oxide, he was unable to prepare 
pure lithium chloride, and he remarked that he believed it impossible to 
obtain that salt absolutely free from sodium unless every trace of dust 
could be excluded. It is obvious that the purification of lithium salts 
demands further attention. 

Up to the present lime, the most accurate work on this element has been 
usually supposed to be that of Stas. Since the errors in his work on the 
chlorides of potassium, sodium, and lithium are similar, and his values 
for the first two metals are too high, we should naturally expect the same 
to be true of lithium. The error was quite noticeable in the case of potas- 
sium, still more pronounced with sodium, and, as will be shown, was 
greatest of all with lithium. 

In reviewing the foregoing results, which vary so widely, it seemed 
clear that the reason for the incompatibility of the values obtained for 
lithium, was to be sought not only in the methods of analysis, but also 
in the impurity of materials. Accordingly the first step of the present 
research was a careful study of the various practicable methods of purify- 
ing salts of lithium. The next procedure was obviously the application 
to the purest lithium material of the methods already so thoroughly 
studied in this laboratory in the cases of sodium and potassium. Some 
of the details of these methods were improved, and these improvements 
will be described in due course. 

Balance and Weighing. 

The excellent and sensitive Troemner balance which has served in 
many similar researches was used in the present wwk. Successive weigh- 
ings of the same object rarely differed more than 0.02 mg. 

The Sartorius gold-plated brass weights and rider were standardized 
from time to time by the method usually used at Harvard . 2 All weigh- 
ings were made by substitution, using a counterpoise similar to the object 
which was being weighed, so that the weights required were never large 
in amount, and the influence of changes in atmospheric conditions was 
negligible. 

1 Oeuvres Computes , III, 324. 

1 Richards, This Journal, 22, 144 (1900). 
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The vacuum corrections 
weights being 8.3. 


applied were as follows, tlie density of the 

Density. Vac. cor. per gram. 


Silver 10.49 — 0.000030 

Silver chloride 5 - 5* +0.0000732 

Lithium chloride 1 2.068 +0.000436 

Lithium perchlorate 2.428 + o . 000350 


The Preparation of Materials. 

All the solid, liquid and gaseous materials used in this research were 
purified with the greatest care. The most insidious sources of impurity 
in work of this kind are dust and the various gases sometimes contained 
in the air of the laboratory, and the most efficient methods of purification 
may fail to give a pure product unless careful attention is paid to this 
fact. The presence of dust, which always contains sodium, was especially 
noticeable in the preparation of pure lithium salts, where sodium was the 
element most difficult to remove. It was found that a lithium salt free 
from sodium, after being recrystallized in the usual way, always ac- 
quired traces of this element. The air of the room was, therefore, kept 
as pure as possible, and all evaporation, and handling of solutions and 
salts in the final work, were conducted in a large glass case. Vessels 
containing pure material were always kept covered and under bell jars 
when not in use. When it was necessary to work under the hood, a large, 
clean glass plate was suspended above the apparatus, to protect it from 
particles of dust falling from above. All heating was conducted electri- 
cally in order to avoid the deleterious effects of products of combustion. 

Since most of the heating apparatus was constructed in this laboratory 
during the progress of the work, a brief description of it may not be in- 
appropriate. The resistance material was “nichrome,” an alloy of nickel, 
iron and chromium, which withstands fairly well a temperature of 1000 °. 
It was generally used in the form of a ribbon, 1.5 to 3 millimeters wide. A 
small electrical stove or hot plate for conducting evaporations was made 
by winding this ribbon on a quartz plate, which was then covered with 
another thin plate of the same material, and the whole suitably mounted 
and insulated with asbestos. Another form, particularly adapted for 
heating flasks and dishes, was made by winding layers of wet sheet as- 
bestos and the ribbon concentrically till the desired size was obtained; 
the roll, while still moist, was then pressed against the vessel to be heated 
and shaped to fit it. When dry, the mass of asbestos with its embedded 
ribbon, retained its form, and was mounted on asbestos board. A drying 
oven was made by winding a three-liter beaker with the ribbon, and jacket- 
ing it with heavy asbestos. By cutting through this jacket at one place, 
a window was formed, through which the interior could be observed. 


1 Baxter, Am Chem. J. t 31, 558 (1904). 
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A temperature of 400 ° was easily obtained. A porcelain tube for fusing 
silver was wound with the ribbon and then covered with thick asbestos. 
When it was desired to heat a glass tube, and at the same time observe 
the interior, the ribbon was left bare, and the convolutions were far enough 
apart so as not appreciably to obstruct the view. The value of electrical 
heating, both as to cleanliness and wide range of application, was em- 
phasized in the present research. 

The vessels used in purifying materials were usually of quartz or plati- 
num. Where glass was unavoidable, the best Jena glass was employed. 

Water. — Distilled water of the laboratory was twice redistilled, once 
from alkaline permanganate and once alone, using pure tin condensers, 
without rubber or cork connections. 1 In special cases the water was con- 
densed and collected wholly in platinum. Dust was carefully excluded by 
passing the end of the condenser through a hole blown in the bulb of a small 
flask, which rested on the mouth of the large Jena flask in which the 
water was collected and stored. Water was always distilled just before 
use. 

Nitric Acid . — Carefully tested pure nitric acid of commerce was redis- 
tilled, using a platinum condenser. When required to be free from chlorine 
the first portion was rejected and the acid redistilled until it showed no 
trace of this element when examined in the nephelometer. 

Hydrochloric Acid. — The pure acid of commerce was boiled with a little 
pure potassium permanganate, and then repeatedly distilled, using a 
quartz condenser. 

Ammonium Fluoride . — Baker’s best hydrofluoric acid, which was 
already very pure, w f as distilled once in a platinum retort, and neutralized 
by distilling into it, through a platinum tube, pure ammonia from a 
concentrated solution of the gas. 

Ammonium Carbonate. — The purest commercial salt was dissolved in 
Water containing ammonia, and distilled in a platinum retort. Any 
trace of impurities contained in the product must have been volatile ones, 
which could exercise no harmful effect in the present case. 

Hydrazine Hydrate. — This substance was prepared by distilling to 
dryness in platinum a mixture of hydrazine sulphate and potassium 
hydroxide in solution, using double the theoretical quantity of the latter 
substance. The resulting solution was distilled again from the small 
residue of alkali which had been carried over into it; the dilute portion 
coming over first was distilled yet once more in order to concentrate it, 
the first fractions, containing almost nothing but water being rejected. 
The substance was collected and preserved wholly in platinum, as were 
also the ammonia and ammonium fluoride. 

Perchloric Acid. — This was prepared by a modification of the method 
1 Richards, Proc. Amer \ Acad , 30, 380 (1894); Chem.-Ztg .. 1907, No. 73, p. 899. 
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of Kreider. 1 Since sodium perchlorate can now be obtained in large 
quantities, the preparation of the stable hydrated acid is a comparatively 
simple operation, quite free from the dangers and difficulties involved 
in preparing the unstably anhydrous compound. 

A saturated solution of sodium perchlorate was poured into two and 
one-half times its volume of pure concentrated hydrochloric acid (density, 
i. 20). After thorough agitation the sodium chloride wits allowed to 
settle, the clear liquid was siphoned off, and the sodium chloride drained 
in a funnel by suction, and washed with a little more acid. The solution, 
containing hydrochloric and perchloric acids, with a little salt of sodium, 
was evaporated until dense white fumes of perchloric acid began to appear. 
The liquid was then found to be entirely free from hydrochloric acid. 
At this point the concentration of the perchloric acid is approximately 
that of the dihydrate — about 70 per cent. If distilled under ordinary 
pressure, where it boils at 203 °, there is considerable decomposition, 
involving a loss of perhaps 10 per cent. The crude acid was therefore 
usually distilled under 150 to 200 mm, pressure, with almost no decompo- 
sition, but for the final distillation a pressure of 15 to 20 mm. was not 
exceeded. At first the acid was condensed in a platinum condenser 
bent at right angles and having its upper end slightly conical to fit into 
the constricted neck of a two-liter flask of resistant glass. The constriction 
was carefully ground until the platinum fitted it tightly. It was found 
that this joint held a vacuum very effectively after the flask and condenser 
had been pressed firmly together. The other end of the condenser passed 
through a rubber stopper fitted into a hole in a bell jar containing the 
platinum dish to receive the distillate. While the excess of water faas 
being distilled off, the acid bumped rather badly; but when the concen- 
tration of the acid became that of the constant boiling mixture, this 
distilled rapidly and smoothly without any sign of ebullition. The yield 
is practically the theoretical. 

Even when distilled under a pressure of 15 mm. the acid had a faint 
odor, resembling that of the oxides of chlorine. It seemed possible, 
therefore, that the hot liquid might attack slightly the platinum con- 
denser, although no evidence of such an effect was observed. Accordingly, 
in preparing the purest acid, we decided to condense and collect it in 
quartz vessels. To the quartz condenser was attached the half-liter 
distilling flask, into the neck of which was fused a dropping funnel, termi- 
nating in a capillary at the bottom of the flask. In this way add could 
be introduced continuously during the distillation. The connection be- 
tween the flask and the quartz condenser gave much trouble. At first 
a carefully ground joint was used, the quartz forming the inner portion, 

1 Z. anorg. Chem. t 9, 343 (1895) ; Am. J. Set. [3], 49, 443. Kreider and Brecken- 
bridge, Z. unorg. Chem., 13, 161 ,(1896); Am. J. Set. [4], a, 263, 
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but it was found that since the coefficient of expansion of glass is far 
greater than that of quartz, such a joint will invariably crack, even when 
exposed to a change of temperature of only 75 °. If the outer portion is 
glass, it cracks on cooling; if quartz, on heat^g. The only possible joint 
between these two materials which will allow expansion and contraction, 
is one having two flat faces ground together as in Fig. 1. 



1%. 1. 


Such a joint is easily made by forming a collar on the end of each tube, 
grinding them until perfectly plane, and finally polishing with oil and 
rouge. The two faces are held tightly together by a rubber band or a 
spring. Such a joint, without any lubricant, held a vacuum very effect- 
ively, and was entirely unaffected by changes of temperature. The joint 
was so placed that any condensed liquid coming into contact with the 
glass part would run back into the distilling flask. 

After at least three previous distillations, the acid was finally distilled 
through the quartz condenser directly into a quartz flask, and all possibil- 
ity of introducing impurity in this process was avoided. 

The question of the purity of the acid thus obtained was carefully 
investigated. All the possible impurities must be those present in the 
sodium perchlorate and hydrochloric acid, and the only acids likely to 
remain after concentrating the crude acid, are sulphuric and phosphoric; 
the others are either destroyed or volatilized. 

In order to determine how readily sulphuric acid could be separated 
from perchloric, a mixture of the latter with two per cent, of sulphuric 
acid was fractionated. After three distillations in which only 10 per 
cent, was rejected, 90 per cent, of the last distillate proved to be entirely 
free from sulphuric acid and 9 per cent, more contained so little that the 
residue left after evaporating off all but 1 cc., showed a barely visible 
opalescence upon the addition of barium chloride. Phosphoric acid is 
even easier to remove. The residue remaining after the distillation of 
the crude acid from 8000 grams of sodium perchlorate, consisting mainly 
of sodium salts, contained a little sulphate and a trace of phosphate, but 
the last 20 cc. of acid distilled from this showed no trace of phosphoric 
acid. 

* Since the acid was never distilled less than four times, each time reject- 
ing a small residue, its purity was evidently quite beyond reproach. If 
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further proof was needed, this was furnished by the fact that the residue 
of 5 cc.; remaining after distilling off about 8500 grams of acid (previously 
twice distilled) and which must have contained practically all the sul- 
phuric acid present in the entire amount, showed only the merest trace 
of it, not over 0.0001 gram. 

Silver . — The preparation of pure silver has been fully described by 
Richards and Wells 1 and the details need not be repeated here. Four 
samples were prepared. 

Sample A. Pure silver nitrate was recrystallized five times from dilute 
nitric acid, using vessels of Jena glass. The crystals were centrifugally 
drained in platinum funnels. The silver was then precipitated by am- 
monium formate, prepared from redistilled ammonia and formic acid, 
and after thorough washing, it was fused on pure lime in a current of dry 
hydrogen, generated by the action of “ hydrone” 2 on water. The boat 
was provided with partitions, so that buttons of a suitable size were 
formed. These were etched with dilute nitric acid, washed, and dried 
in a vacuum at 400 °. 

Sample B was prepared in a similar way except that it w r as rherystallized 
twice in glass and four times in platinum, and the reduction with formate 
was conducted in a platinum dish. 

Sample C was obtained by precipitating the mother liquors from" A 
twice successively with formate, and then fusing on pure lime with a 
blast lamp. 

Sample D was prepared from pure silver nitrate which had been once 
recrystallized, precipitated with formate, and fused on lime in hydrogen. 
This and sample C were used only as the source of silver nitrate in the 
precipitation of silver chloride to be weighed. 

Experiments were made to determine whether the platinum dish was 
attacked by the hot nitric acid used to dissolve the silver nitrate, the dish 
being weighed before and after the operation. There was no loss in 
weight when the contents of the dish were stirred with a smooth glass 
rod, but when a platinum spatula was used, and the stirring was very 
vigorous, a loss of 0.24 mg. was observed, doubtless due to abrasion by 
its rather sharp edges. The precipitation of silver by formate caused 
no change in the weight of the dish. 

Lithium Chloride . — The most common impurities in lithium salts sted 
likewise the most difficult to eliminate are those elements most nearly 
related to it — the metals of the alkalies and alkaline earths. In the 
material which formed the source of the lithium chloride used in this 
work, the only impurities present in appreciable amounts were iron, 
calcium, potassium, sodium and probably magnesium. It is true that 

1 This Journal, 27, 472 (1905). ^ 

•This is the trade name for an alloy of sodium and lead. 
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none of the latter was ever found, but this is probably due more to the 
difficulty of detecting small traces of it in the presence of large quantities 
of lithium, than to its entire absence. In Kahlbaum's lithium chloride, 
which formed part of the original material, no calcium, potassium or 
magnesium could be found. Since the iron was very easily removed, 
the impurities whose separation demanded careful investigation were 
potassium, sodium, calcium and magnesium. The relative effects of 
these on the atomic weight of lithium vary in the order given, that of 
potassium being the greatest. 

Attention was first turned to the methods of eliminating potassium 
and sodium, which go together. Those employed by previous investi- 
gators were either inadequate or extremely wasteful. To the first class 
belongs that of dissolving the chloride or nitrate in a mixture of alcohol 
and ether. This was found to be effective in removing the greater part of 
the sodium from a crude chloride, especially if the solution were treated 
with hydrochloric acid gas until part of the lithium chloride was pre- 
cipitated; but aside from this, it has no value. Precipitation by means 
of ammonium carbonate is effective, but the yield is very small, since only 
half of the lithium can be precipitated in one operation, owing to the 
solvent action of the ammonium salts. The conversion of the normal 
carbonate into bicarbonate demands too great a volume of solution, and 
is entirely too tedious where large quantities are required. 

The most common method of purification — the recrystallization of 
soluble salts— seems to have received no attention, and accordingly various 
salts were tested with regard to their fitness for this purpose. With 
lithium chloride, the amount of sodium steadily decreased upon successive 
recrystallization until only a trace remained, but this trace was very 
hard to remove. Moreover, the solubility of the salt is so great that"the 
process is very wasteful. The oxalate was almost useless in this respect. 
Recrystallization of the formate was fairly effective, but its electrolytic 
oxidation to carbonate was more so. Both the perchlorate and nitrate 
gave good yields, and the elimination of sodium was rapid, especially 
in the case of the nitrate. Care must be taken, however, to crystallize 
this latter salt below 29.6°, the transition point between the hydrated 
salts LiNO a .KH 2 0 and TiN0 8 .3H 2 0. Above 61 0 the anhydrous salt 
crystallizes, and under these conditions the separation from sodium is 
poor. The perchlorate crystallizes as L,iC10 4 .3H 2 0. 

' These two salts were, therefore, selected as giving the most favorable 
results, but even with their help it is almost impossible to eliminate the 
last traces of sodium. It was evident that some method involving pre- 
cipitation would be necessary. A search among the insoluble salts" of 
lithium showed that the solubility of the fluoride is only 2.7 grams per 
liter — one-fifth that of the carbonate — and that this solubility is not ap- 
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preciably affected by the presence of ammonium salts. Sodium fluoride 
is sixteen times, and potassium fluoride three hundred and forty times 
more soluble. Evidently the precipitation of lithium fluoride by am- 
monium fluoride ought therefore to be an extremely efficient means of 
removing sodium, without appreciable loss of lithium, and this was found 
to be true. Solutions of ammonium fluoride and of a lithium salt were 
run slowly into boiling water in a platinum dish, with constant stirring, 
taking care to avoid any great excess of either. The lithium fluoride 
formed under these condi (ions was coarsely crystalline and the precipi- 
tation was practically complete. The precipitate was transferred to plati- 
num funnels and washed several times with water, using centrifugal 
drainage. Such washing has- been shown to be very effective . 1 If the 
original material contained comparatively little sodium, this precipitate 
was found to be entirely free from it. upon careful spectroscopic exami- 
nation, and a repetition of the precipitation was sufficient to attain this 
end, even with very crude material. The pure fluoride was then converted 
into either nitrate or perchlorate by heating in a platinum retort with 
the corresponding acid — the distillate when perchloric acid was used 
.being pure hydrofluoric acid, which was used again. When nitric acid 
was used, three or four times the theoretical quantity was required, 
owing to the slight difference in the boiling points of the acids. Thus it 
was possible to obtain, rapidly and without appreciable loss, lithium 
nitrate or perchlorate absolutely free from sodium. Some difficulty 
was experienced when making the spectroscopic tests, in obtaining a 
flame free from sodium, but if the air of the room was not dusty, this 
could be accomplished by using a small blast flame, supplied with ptfre 
washed air. 

This method does not, however, eliminate calcium and magnesium, 
since the fluorides of both these metals are less soluble than that of lithium. 
Previous treatment of the solution with lithium fluoride is not very effect- 
ive, but the addition of ammonium oxalate removes nearly all the cal- 
cium. The addition of lithium carbonate is yet better, only traces of 
calcium and magnesium remaining. These may be wholly separated 
by the recrystallization of the nitrate or the perchlorate. From a sample 
of lithium nitrate to which had been added io-per cent, each of lithium 
sulphate, and calcium and magnesium as nitrates, there was obtained 
after four recrystallizations a salt which gave no tests for any of these 
impurities. The recrystallization of the perchlorate was almost equally 
effective. 

The method of purification finally adopted was, therefore, essentially 
the following: The fluoride, free from sodium but containing possible 
traces of calcium, magnesium, and sulphate, was converted into nitrate 
1 Richards, This Journal, 27, 104 (1905). 
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or perchlorate as described. These salts, free from fluorine, were re- 
crystallized several times, using centrifugal drainage. The efficiency 
of this method may be shown by the fact that 70 grams of free acid were 
so completely removed from 400 grams of lithium perchlorate by three 
recrystallizations that less than a milligram of free acid remained. Since 
even in the mother liquors from the first recrystallization no calcium, 
magnesium, or sulphate could be detected by the ordinary tests, there is 
no doubt that this recrystallized nitrate or perchlorate was exceedingly 
pure. All silica must have been removed when the fluoride was dissolved 
in acid. The final step of this sequence of operations alone remained to 
be taken, namely, ihe conversion of the salts into chloride. 

in the case of the nitrate the conversion into chloride w r as not difficult. 
The solution was poured into a hot, concentrated solution of ammonium 
carbonate, which had been distilled in a platinum retort, and the pre- 
cipitated lithium carbonate was washed several times w T ith hot water, 
using centrifugal drainage. It is essential that hot and concentrated 
.solutions be used; otherwise, the yield of carbonate — at best only 50 
per cent. — will be much smaller. The precipitate is coarsely crystalline 
and easily washed. This process also serves as a means of further purifica- 
tion. The carbonate was dried at 300°, dissolved in slightly less than 
the theoretical amount of the purest hydrochloric acid which had b gen 
twice distilled and condensed and collected in quartz, and subsequently 
filtered from excess of carbonate. The solution contained a little nitrate, 
and to convert this into chloride without fear of attacking the platinum, 
a solution of pure hydrazine hydrate, distilled in platinum, was added, 
and then excess of hydrochloric acid. Alter boiling the solution a few 
minutes, all the nitrate w T as reduced, and there remained a solution of 
pure lithium chloride with a little hydrochloric acid and hydrazine chloride, 
both of which were completely volatilized in subsequent operations. 
The chloride was recrystallized once or twice, and dried, and it w T as then 
ready for analysis. During the purification it was treated only with 
materials prepared in quartz or platinum. 

The conversion of lithium perchlorate into chloride was not so simple. 
At first the solution was mixed with ammonium chloride- and the crystals 
of ammonium perchlorate were separated by filtration. The solution 
containing the lithium chloride was evaporated and ignited, but unfortu- 
nately, on ignition the small amount of perchlorate remaining caused 
the evolution of considerable chlorine, which attacked the platinum 
badly. If quartz was used, it also was attacked, the salt becoming 
alkaline. Careful ignition in platinum was the method finally adopted, 
the presence of the metal being decidedly the lesser evil; but it was neces- 
sary to regulate the temperature very carefully, otherwise the action be- 
came too violent. The chief action on the platinum occurs only towards 
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the end of the operation, when a higher temperature was required. It 
was found advantageous to halt the operation at the point where the mass 
became pasty, to dissolve the product in water and evaporate to dryness, 
thus uniformly diluting the perchlorate with an excess of chloride. Some- 
times chloride from a previous operation was added. If the final heating 
was performed in air, the platinum was always slightly attacked, but if 
this were done in an atmosphere of hydrogen, the slightly alkaline chloride 
could be fused without any appreciable effect on the vessel. The chloride 
thus prepared was freed from platinum and crystallized two or three times 
and was then ready for analysis. This method of preparation must have 
given a product absolutely free from traces of other halogens. In all the 
preparation work, exclusion of dust was the greatest difficulty. It was 
found desirable to shorten all the processes whenever this could be done, 
so as to expose the material as little as possible. The principal impurity 
introduced by dust is sodium. It seemed best, therefore, to effect the 
elimination of the last traces of sodium towards the end of the purification, 
rather than at the beginning. * ^ 

Several samples of lithium chloride were prepared by these methods, 
platinum vessels being used throughout. The material which served 
for the preparation of sample A consisted of chloride prepared from com- 
mercial carbonate and freed from most of its sodium by treatment with 
alcohol and ether. It was recrystallized six times, precipitated as fluoride 
and added to another specimen of fluoride which had been precipitated 
from the mother liquors, twice recrystallized as perchlorate, and finally 
precipitated yet again as fluoride. Subsequently, it was all converted 
into perchlorate, twice recrystallized, treated with ammonium chloride 
to remove most of the perchlorate, and ignited in platinum. The platinum 
which was dissolved was removed by a solution of hydrazine, and the 
chloride was crystallized once more from hydrochloric acid solution. 
Owing^to an accident in which most of it was lost, this sample was sufficient 
for only one analysis. It contained a barely visible trace of sodium. 

Sample B was prepared from commercial lithium chloride, also purified 
byfsolution in alcohf 1 and ether. The main portion was twice precipitated 
as fluoride. To this precipitate was added some fluoride precipitated 
from the last mother liquors of A, and the whole was converted into 
perchlorate, which was recrystallized three times. It was then treated 
with ammonium chloride, and finally fused in platinum. The platinum 
which was dissolved was removed as usual by precipitation with hydrazine, 
and the salt was evaporated to dryness. It also contained a trace of 
sodium. 

Sample D. To the mother liquors from the last three recrystallizations 
of sample B were added some fairly pure residues of lithium chloride, 
and the whole was precipitated as fluoride. At this point it was free from 
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podium. After conversion into perchlorate it was recrystallized six 
times, ignited to chloride in platinum, fused in hydrogen, and twice 
j ecrystallized as chloride. This was D 3 , The mother liquors from these 
two recrystallizations formed D 4 . The mother liquors from the last 
three recrystallizations of the perchlorate were once recrystallized; the 
perchlorate was ignited to chloride and crystallized once. This was D 2 . 
The mother liquor formed D v All these preparations contained a trace 
of sodium, in spite of the fact that previously the material had been free 
from this element, and no glass vessels had been used. The sodium un- 
doubtedly came from traces of dust. 

Sample C. Residues of lithium nitrate and bromide from other work 
on lithium were treated with ammonium oxalate to remove calcium, and 
twice precipitated as fluoride. The remainder of sample B was likewise 
precipitated as iluoride and added to this. All of it was free from sodium. 
It was converted into nitrate by evaporation in a platinum retort with 
the purest nitric acid and water, freshly distilled. After expelling all the 
acid, it w T as dissolved in water and filtered from a slight residue containing 
fluoride, and platinum. The solution contained no platinum, and was 
absolutely free from sodium. The nitrate was recrystallized three times, 
poured into freshly distilled ammonium carbonate, and the precipitate 
washed and dried. It was almost completely dissolved in the purest 
hydrochloric acid, filtered, more acid added, and then a little hydrazine 
hydrate. Boiling soon destroyed the nitrate present, and the pure 
chloride was crystallized once. At last, this sample was entirely free 
from sodium, and therefore was worthy to form the basis of some of our 
best experiments. 

Sample E was prepared in much the same way as C. Two kilograms 
of Kahlbaum’s best lithium chloride, nearly anhydrous, were available 
as raw material. Tested carefully, it showed no potassium, calcium or 
magnesium, and only small traces of iron, but as usual it contained 
considerable sodium. The salt was dissolved in about 8 liters of 
pure water, and agitated with pure lithium carbonate, being allowed to 
stand over night in large Jena flasks. The precipitate contained iron 
but no calcium. The perfectly clear, colorless solution after filtration was 
evaporated in a platinum dish, and crystallized with centrifugal draining, 
and the mother liquor was evaporated further, the second group of simi- 
larly drained crystals being added to the others. The whole was recrystal- 
lized, and treated again in the same way. In order to eliminate the small 
amount of sodium which still remained, the lithium was precipitated as 
fluoride* The coarse-grained, easily washed precipitate was collected 
upon a Btichner funnel, and was washed two or three times, being each 
time stirred up with the water. The washed material wasl whirled in the 
platinum centrifuge, and then washed six times, taking four milliliters of 
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water each time, and draining completely with centrifugal action aftejv 
each washing. The last wash water contained only a faint trace oF 
chloride and the salt was found to be almost wholly free from sodium 
when examined in the spectroscope. In this way were obtained 620 
grams of dry, very pure lithium fluoride, which served as a basis for yet 
further operations These successfully removed the traces of impurity 
still remaining, as the following description shows. 

The coarse-grained powder was now decomposed by heating with a 
large excess of nitric acid in successive additions. About six times the 
theoretical quantity of 70 per cent, nitric acid was required in all, diluted 
with an equal bulk of water, it having been found that the diluted acid 
was more efficient than the concentrated acid. After the expulsion of the 
nitric acid, the nitrate was slightly alkaline, and no trace of platinum was 
found by the potassium iodide test in the filtrate, although* the residual 
precipitate of lithium fluoride contained platinum. I11 order to be sure 
that no platinum was present, the cleat filtrate was treated with a little 
hydrazine hydiate, but no change occurred All the nitrate was finally 
evaporated with excess of nitric acid until neutialized, and the nitrate 
was crystallized three times with centrifugal drainage in platinum. The 
trace of sodium present in the fluoride had now entirely been eliminated. 
The mother liquors from the last two crystallizations were evaporated 
and twice recrystallized again, yielding material free from sodium, like 
the other crystals to which they were added. 

The lithium was now precipitated as carbonate — a process which 
rendered certain the elimination of any t taces of fluoride which may 
have found its way through the successive recrv stallizations of the nitrate. 

The ammonium carbonate for this purpose was prepared by distilling 
the substance with water in a platinum still into a platinum dish. The 
solution was heated to the point of obvious decomposition and the lithium 
nitrate was then poured into it, the whole being digested for a time at a 
high temperature. The lithium carbonate was collected in platinum 
funnels, washed three times with hot water, using centrifugal drainage, 
and was dried at over 400° in an electric oven. Only about 250 grams 
of carbonate were thus obtained, a yield of less than 30 per cent, of the 
original fluoride. 

The lithium carbonate was then dissolved in hydrochloric acid which 
had been twice distilled in quartz, rejecting the first and last portion 
each time. The solutior was alkaline, because not quite enough acid 
had been added to correspond to the carbonate. The filtered solution 
was treated with a small amount of hydrazine hydrate and a considerable 
excess of hydrochloric acid. After evaporation, the solution which had 
originally given a strong test for nitrate with diphenylamine was found 
to be wholly free from this contamination. The purest water was now 
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|n4ded, enough to make a hot saturated solution, and the substance was 
crystallized by cooling the platinum vessel in ice. The crystals were 
drained centrifugally in platinum and another crop was obtained from 
the mother liquor, and the combined material was redissolved and again 
recrystallized in the same way. In the least pure of the mother liquors 
an exceedingly faint trace of sodium was found, but the crystals after 
centrifugal drainage were entirely free from it as far as the most careful 
spectroscopic testing could show. 

Most of the water was driven off from these crystals over the electric 
hot plate, and the stirred mass was heated in the electric oven at a high 
temperature until nearly all the ammonium chloride present had been 
volatilized. The mass weighed about 170 grams when dry, or about 17 
per cent, of the lithium originally present as fluoride. A portion of this 
substance was broken into pieces in a clean warm agate mortar and used 
in Analyses 21-22, 30, and 31. 

In spite of the fact that various methods had been used in these purifica- 
tions, and the fact that some of them contained minute traces of common 
salt, the five preparations were all essentially identical, except from the 
point of view of the most critical experimenter. The maximum variation 
affected only the third decimal place in the atomic weight; the second 
figure was never in doubt. The two purest samples, which were wholly 
free from sodium, namely samples C and K, gave exactly the same result, 
within the limit of error of the experiments. This fact will become mani- 
fest when the detailed figures are presented, on pages 31 and 33. 

The Drying and Weighing of the Lithium Chloride. 

The final preparation of the salt for analysis consisted in expelling 
the last traces of water by fusion in a platinum boat in a current of dry 
hydrochloric acid gas and nitrogen, the operation being conducted in 
-the apparatus usually used for this purpose at Harvard. 1 To avoid 
absorption of acid by the chloride, this gas w r as swept out by a current of 
pure nitrogen, before the salt solidified, and after cooling, the nitrogen 
was replaced by dry air. The boat was then transferred to the weighing 
bottle without contact with a trace of moisture, and weighed. 

In the preliminary experiments the old form of “ bottling apparatus*’ 1 
was used for this purpose, but in the final series, the new form showm in 
Fig. 2 was employed. 



Fig. 2. 


In this any possibility that moisture might gain access to the salt is 
excluded; the calcium chloride tube (a) is not removed a$d the glass rod 
used to push the boat into the bottle is passed through a short piece of 
1 Richards and Parker, Proc< Amer. Acad,, 32, 59 (1896). 
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rubber tubing at (6). When this apparatus was constructed of glass, ev% 
dence was found of the introduction of other alkali-metals into the lithium' 
salt by the action of hydrochloric acid on the red hot tube. Hence in 
the final experiments, this portion of the apparatus (o to c) was made 
entirely of transparent quartz, and carefully ground into the other. The 
tube was heated by winding it with “nichrome” ribbon, through which 
a suitable current was passed, an arrangement that not only gave evenly 
distributed heat, but also allowed the progress of the fusion to be clearly 
observed. The apparatus was so constructed that by turning the proper 
stopcocks, either hydrochloric acid, nitrogen, air, or any desired mixture, 
could be passed through it. These stopcocks were so carefully polished 
with rouge that a trace of lubricant composed of a mixture of paraffin 
and pure rubber made them perfectly gas-tight. 

The nitrogen was prepared by passing air charged with ammonia over 
red-hot copper. Carbon dioxide was removed by means of potassium 
hydroxide solution, and the excess of ammonia, by passing the gas through 
a series of towers filled with glass beads moistened with sulphuric acid, 
the first two containing dilute, and the last three, concentrated acid. 
The last traces of water were removed by means of resublimed phos- 
phorus pentoxide. Nitrogen prepared in this way usually contains a 
trace of hydrogen, which in this case was a distinct advantage, since it 
would counteract the effect on the platinum boat of any trace of oxygen 
that might be present. 

The hydrochloric acid gas was prepared by dropping concentrated 
sulphuric acid into a solution of pure concentrated hydrochloric acid. 
It was dried by passing through three towers filled with pearls moistened 
with freshly boiled concentrated sulphuric acid, for it has been shown 1 
that phosphorus pentoxide is unsuitable for this purpose. No sulphuric 
acid could be detected in the solution obtained by passing into w r ater a 
large quantity of the gas thus prepared. 2 

The air, which was furnished by a water pump, was purified by passing 
successivelv through towers containing potassium hydroxide, silver nitrate 
and concentrated sulphuric acid, and was finally dried by phosphorus 
pentoxide. The entire apparatus was of glass, the different parts being 
fused together, when possible, or else connected by carefully ground 
joints. 

In detail the procedure was as follows : Dry lithium chloride contained 
in the platinum boat, was placed in the quartz tube and a mixture of 
nitron and hydrochloric acid passed through it for an hour or two, in 
order to sweep out all the oxygen. The gases issued under slight pressure, 

1 Baxter and Hines, This Journal, 28, 779 (1906). 

2 See also Baxter and Hines, Loc. cit., p. 780. 
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the end of the exit tube dipping just below the surface of mercury, covered 
with water to absorb the acid. The temperature was very slowly raised 
so as to expel from the salt as much water as possible before fusion. The 
chloride y^as maintained in a state of fusion at a red heat from fifteen 
to thirty minutes, the longer time apparently causing no further change. 
During this time the surrounding gas consisted principally of dry hydro- 
chloric acid. Bubbles always formed on the bottom of the boat and were 
removed only by carefully shaking the tube. The hydrochloric acid 
was then replaced by pure nitrogen, to remove any excess of acid dissolved 
in the fused salt, and when the issuing gas was neutral, the chloride was 
allowed to cool. It was quite transparent and colorless. Because fused 
sodium chloride w T as found to be essentially free from dissolved nitrogen, 1 
it is reasonable to assume that the similar lithium salt contained no 
weighable quantity. After the nitrogen had been replaced by dry air, 
the boat was bottled and placed in a desiccator. No great difficulty 
was experienced in obtaining weighings agreeing within 0.02 mg., using 
a .similar bottle as counterpoise. Of course the bottle containing the 
empty boat was always filled with dry air before being weighed. The 
platinum boat was always weighed separately before and after the fusion, 
and the loss in weight, if the operation had been carefully conducted, 
was only a few hundredths of a milligram - sometimes none at all. This 
correction, if added to the weight of silver chloride, had no appreciable 
effect on the results. 

The boat was placed in a three-liter Krlcnmeyer llask of Jena glass, 
with a carefully ground and polished stopper, and about 0.05 or 0.08 
liter of water was added. When the chloride was dissolved, the solution 
was perfectly clear, and it was usually tested for alkalinity by adding a 
very dilute solution of phenolphthalein, which had been colored very 
faintly pink by a trace of sodium hydroxide. It is not sufficient to add 
a colorless solution of the indicator, for the ever-present trace of carbon 
dioxide decreases the delicacy of the test. The color never became 
deeper, and on thorough shaking was discharged by the carbon dioxide. 
Methyl orange showed a perfectly neutral tint. There can be no doubt, 
therefore, concerning the neutrality of the salt within the narrow limits 
thus established. About one liter of freshly distilled water was then 
added to the flask; the boat was lifted out by means of a heavy platinum 
wire, bent at one end, and w T as washed seven times in a beaker, the wash- 
ings being completely transferred to the flask. This method seemed 
preferable to dissolving the salt in a beaker and transferring it to the 
flask, for not more than a few milligrams of lithium chloride could kave 
remained on the boat when it was lifted out, and this small quantity 
could be transferred without any risk of loss. 

1 Richards and Welts, This Journal, 27, 513 (1905). 
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The lithium chloride was then ready for analysis. Both of the familiar 
methods for finding the amount of chlorine were used, namely, the weigh- 
ing of the precipitated silver chloride on the one hand, and the determina- 
tion of the necessary amount of silver on the other. These are discussed 
below in order. 

The Precipitation and Weighing of Silver Chloride. 

The precipitation of the silver chloride and all subsequent operations 
were carried out under red light in the dark room. To the solution of 
lithium chloride was added exactly the calculated amount of .silver dis- 
solved in a moderate excess of nitric acid, the concentrations of the solu- 
tions being about decinormal. The mixture was shaken vigorously for 
ten minutes and allowed to stand over night. The next day it was again 
shaken, and to it was added the excess of silver nitrate required for com- 
plete precipitation — about o 05 or 0.06 gram of silver per liter. This 
method diminishes greatly the danger of occlusion of silver nitrate, as 
Richards and Staehler have shown. 1 The solution was shaken from 
time to time during the next day, and after standing until the super- 
natant liquid was perfectly clear, it was ready for filtration. 

In a few r of the preliminary experiments, the Gooch perforated platinum 
crucible with asbestos mat was used, with all the precautions previously 
adopted in this laboratory. In all others a Gooch-Munroe crucible 2 
was used. The complete removal of silver chloride from the platinum 
sponge, when preparing for a new analysis, required treatment with 
concentrated ammonia for at least twelve hours, followed by a very 
thorough washing. The crucible was always dried over night at 250°, 
and a perforated platinum plate was placed upon the sponge to prevent 
rupture by the contraction of the silver chloride as it dried. This crucible 
was of the special shape recently described by one of us. 8 

The clear solution was poured through the crucible, and the precipitate 
was washed four times by decantation with a cold acid solution of silver 
nitrate, about two-hundredths normal, the precipitate being thoroughly 
agitated by rotary shaking each time. The filtrate and washings were 
united and were always practically free from excess of chlorine, so that a 
constant correction of 0.04 mg. of silver chloride per liter was applied 
to them. 4 The precipitate was then washed ten times with very dilute 
nitric acid, cooled in ice to reduce the solubility of silver chloride, and 
finally transferred to the crucible by means of a jet of pure, cold water 

1 This Journal, 29, 632 (1907). Richards and Staehler, Publ. Carnegie Inst., 
Washington , 69, 15. 

* Swelling, ibid., 31, 456 (1909), 
if Richards, This Journal, 31, 1146. 

4 Richards and Wells, This Journal, 27, 487, 517 (1905). See also Baxter, This 
jfOXTRNAL, 28, *322 (1906). 
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from a hydrostatic wash-bottle. The entire process was conducted under 
a clean pane of glass to prevent dust from falling into the crucible. The 
latter was finally wiped with a clean cloth and heated in an electric oven, 
gradually increasing the temperature to 250 °, where it was maintained 
at least ten hours. After it had been weighed, the main mass of silver 
chloride was separated from the platinum disk and fused in a covered 
quartz crucible contained in a larger one of porcelain. Since the cover 
was transparent, it was possible to free the fused chloride from the bubbles 
which invariably adhered to the crucible, without danger of loss from 
spattering, by carefully rotating the crucible. With one or two excep- 
tions, the fused silver chloride was perfectly colorless and transparent, 
showing the absence of organic dust and occluded silver nitrate. The 
loss on fusion was very small, never more than a few hundredths of a 
milligram per gram. The correction for the entire weight of silver chloride 
w r as calculated as usual from that of the portion fused, always over 90 
per cent, of the total. 

The flask was carefully rinsed out with ammonia, to remove any chloride 
that might have escaped observation. This with the washings, was 
tested as follows: To the total washings, exclusive of those with dilute 
silver nitrate, was added 0.07 grain of silver as nitrate, and after the 
opalescence had appeared, it was dissolved by pouring in the ammoniacal 
rinsings. The volume was then made up to one liter. A standard solution 
was prepared, containing in one liter a known amount of chloride, and 
the same quantity of ammonia and of silver present in the washings. 
Twenty-five cc. of cp,ch solution were pipetted into a nephelometer 1 tube, 
2 cc. of dilute nitric acid added to each and the contents stirred with a 
carefully cleaned glass stirrer. The tubes were covered with glass caps 
having a plane top, and allowed to stand from three to five hours, until 
constancy was attained. If the tubes were not nearly alike, a new stand- 
ard was prepared. Several comparisons were always made and found 
to agree within reasonable limits of error only when extreme care was 
used in preparing the solutions and in excluding dust. By the use of 
ice-cold wash water, the total nephelometer correction was reduced from 
over 1 mg. to about 0.35 mg., often less, owning to the decrease in solubility 
of silver chloride. This matter will subsequently be discussed in detail. 

The following table gives the results obtained in the preliminary ex- 
periments. 

The first two analyses have little value since the technique of the pro- 
cess had not then been mastered and the material was purified only by 
six recrystallizations as chloride, and was known to contain impurities. 
No. 10 was rejected because it was found that all the silver chloride from 
the previous analysis had not been dissolved out of the Munroe crucible. 

1 Richards and Wells, Am. Chmn . /., 31, 235 (1904). 
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Ratio of Lithium Chloride to Silver Chloride. 
Preliminary Series. 


No. of 

Prepara- 
tion of 

Weight of 
fused LiCl, 

Weight of 
fused AgCl, 

LiCl. 

Atomic weight, 
of Li. 

analysis. 

LiCl. 

vacuum . 

vacuum. 

AgCl 

Ag ** 107.8S. 

1 

O 

4.01994 

I 359 I 25 

0.295774 

6.938 

2 

O 

6.32840 

21.39635 

0.295770 

6-939 

3 

A 

8.99620 

30.41341 

O.295797 

6.94s 

4 

B 

4.66824 

15.78m 

O.29581 2 

6.944 

5 

B 

5 . 4303 2 

18.35734 

0.295812 

6.944 

6 

B 

5.10725 

17.26504 

O 295815 

6.944 

8 

D, 

5.74000 

I 9.40375 

O. 295819 

6-945 

9 

I) 2 

5 * 42038 

18.32417 

0.295805 

6-943 

11 

I>. 

5.21573 

17.63280 

O 295797 

6.942 

12 

r>. 

6.56925 

22.20716 

O.295817 

6-945 

13 

D, 

4.84268 

16.37121 

0.295805 

„ 6.943 


6.943 

In none of these analyses was the material wholly above reproach, 
for it all contained traces of sodium. Part of this impurity* was present 
in the original salt, and those specimens (A and D 3 ) which show less 
sodium in the spectroscope gave a lower value for the atomic weight. 
Part of the sodium, however, may perhaps have come from the glass tube 
used to contain the boat in which the lithium chloride was fused. This 
conclusion was drawn from the fact that material thus fused showed in 
the spectroscope more sodium than it had possessed before. Nevertheless, 
these preliminary results are far nearer the truth than the work of any 
other experimenter. 

In order to avoid the vitiating circumstances every conceivable pre- 
caution was taken in the final series recorded below. Both .the samples 
of lithium chloride used were proved to be free from any visible trace of 
sodium discernible upon careful spectroscopic examination. This means, 
of course, a very high degree of purity. Moreover, the platinum boat 
during the fusion of the salt was contained in a tube of pure quartz. In 
this way only can a pure dry sample of lithium chloride be obtained, 
which will show no trace of sodium in the spectroscope. 

As a result of these precautions the values of the atomic weight obtained 
were appreciably lower than those of the preliminary series, and they 
agreed distinctly better among themselves. The following table explains 
itself. 

Analyses 19 and 20 were omitted because of accidents which rendered 
them valueless. Experiments 14 to 17 inclusive had previously been 
used for determining the weight of silver needed for the exact precipita- 
tion.* This part of these experiments is recorded in the table on page 33, 
ipder the numbers 26 to 29. 
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Ratio of Lithium Chloride to Silver Chloride. 
Final Series. 


No of 

Prepara- 
tion of 

Weight of 
fused LiCl, 

Weight of 
fused AgCl, 

LiCl. 

Atomic weight 
of Li. 

analysis. 

LiCl. 

vacuum. 

vacuum. 

AgCl 

Ag » 107.880. 

H 

C 

6.28662 

21 25442 

O.295779 

6.9391 

15 

c 

5.82076 

19.67873 

O.29579O 

6.9407 

16 

c 

6 . 70863 

22.68030 

O.295791 

6 . 9409 

17 

c 

6.24717 

21 . 12073 

O.295784 

6.9399 

18 

c 

5 50051 

18.59600 

O.295790 

6.9407 

21 

E 

8-34521 

28.21438 

O 295779 

6 9391 

2? 

E 

6.65987 

22.51564 

0.295789 

6 . 9406 


45 - 56^77 154.06020 Av. —0.295786 6 9401 

Comparison of these results is highly interesting, and leaves no doubt 
concerning the atomic weight of lithium. The average result for the 
atomic weight of lithium, computed from these final results taken together, 
is 6.9401, with a “probable error ,, of 0.0002. 

It is pleasing to note that the average, 6.9403 of experiments 14 to 18 
inclusive, made with sample C of lithium chloride is almost identical 
with the average 6.9399 of experiments 21 to 22 made with Sample E. 
The difference between the averages is only 0.0004, and the average of 
the first five lies between the values given by the last two experiments. 
The extreme range is only from 6.939 t° 6.941, whereas the extreme range 
in the preliminary series was from 6.938 to 6.945. 

The agreement of these two samples made from different raw materials 
and purified in somewhat different ways seems to leave no doubt concern- 
ing the validity of the result except insofar as constant errors in the 
methods of analysis or constant unavoidable impurities are concerned. The 
former of these causes of uncertainty is rendered highly improbable by 
the next series of experiments, to which attention is now directed. 

The Ratio of Lithium Chloride to Silver. 

A single series of experiments is never convincing in work of this kind; 
accordingly the preceding determinations were supplemented by others, 
which determined the exact amount of silver necessary to precipitate 
the chlorine in weighed amounts of lithium chloride. No important 
difference in the final value was expected, because sodium and potassium 
showed none under similar conditions, but the further work had the 
advantage of making “assurance doubly sure.” 

In this series of experiments weights of the purest silver, equivalent 
to those of the lithium chloride, as calculated from the preceding table, 
were dissolved in nitric acid in a Jena flask provided with a tower of 
bulbs to prevent loss by spattering. Almost the exact*$mount of silver 
could be weighed out directly, by selecting suitable pieces from a large 
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assortment of very fine globules; and the last few hundredths of a milli- 
gram were added, if necessary, in the form of a standard solution, prepared 
from the same silver. The solution of silver nitrate was diluted to about 
i liter and added to the solution of lithium chloride exactly as in the 
preceding series. Great care was used to transfer every trace of silver 
from the flask. After standing for a day or two, with occasional violent 
shaking, the presence of an excess of silver or of chlorine was then deter- 
mined with the nephelometer, following the procedure adopted by Richards 
and Wells. 1 

One very important innovation was introduced. The accuracy with 
which the end-point can be determined by this method is almost inversely 
proportional to the concentration of the silver halide remaining in solution, 
because the percentage accuracy of the nephelometer does not increase 
with increasing cloudiness. It has long been recognized that tfae titration 
of bromides is more exact than that of chlorides, because the solubility 
of silver bromide is less than one-tenth of that of the chloride. These 
considerations show that any means of decreasing the solubility of silver 
chloride will increase the precision of the end-point. The solubility 
of silver chloride in water changes greatly with the temperature, 2 being 
over four times as great at 34 0 as it is at 1.5 0 . It seemed worth while, 
therefore, to try the effect of cooling the solution in ice. Analysis 3 
was made to test this point. At this time the weather was quite warm, 
the temperature sometimes rising above 30 °. The solubility was tested 
on fourteen successive days, the flask being shaken each day. It was 
found to vary from 2.2 mg. to 3.4 mg. per liter; the presence of nitric 
acid was undoubtedly responsible for a higher average value than Kohl- 
rausch's. Opalescences produced by the precipitation of the chloride 
in such a solution are so intense that it is difficult to estimate accurately 
their contents in the nephelometer. The flask was then packed in ice, 
and the solubility again determined for several days. It became very 
constant, varying from 0.5 to 0.6 mg. per liter. Most of the values ob- 
tained were about o 5 mg., a figure which begins to be comparable with 
that for silver bromide at ordinary temperature — 0.10 mg. The opal- 
escences were so faint that the slightest excess of silver or of chlorine 
was unmistakably evident. Richards and Wells estimated that they 
could detect a difference of 0.02 mg. of silver per liter; this limit we have 
doubtless reduced by cooling. Assuming the weight of lithium chloride 
to have been accurate to within 0.02 mg., there could not have been an 
error exceeding 0.05 mg. in the weight of silver, since the total volume 
was only two and one-half liters. The determination by this new method 
of the weight of silver required is evidently the most accurate part of 

1 This Journal, 27, 502 (1905). 

* Koliimusch, Z. physik, Chem ., 64, 148 (1908). 
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the analysis, and the cause of the variation in results must be sought 
elsewhere. There is moreover another advantage in this method. Since 
the concentration of silver chloride in solution is constant, at the constant 
low temperature, it is possible to calculate with greater exactness than 
before the amount of a deficiency of either silver or chloride, in terms of 
the ratio of lengths of the two nephelometer columns giving equal ap- 
parent opalescences. This advantage hastens the work. 

Only two preliminary experiments were made, for the technique re- 
quired by the determination is so simple that it is readily mastered. 
The results of these two preliminary experiments, made with material 
not perfectly free from sodium, are given below: 


Ratio of Lithium Chloride to Silver. 
Preliminary Series. 


No of 

Continu- 

prepara- 

Wt fused 


LiCl. 

Atomic wt. 

experi- 

ation of 

tion of 

LtCI, 

Wt. of Ag, 

of Li. 

ment. 

analysis. 

Li Cl. 

vacuum. 

vacuum. 

Ag. 

Ag --= 107 . 88 . 

23 

3 

A 

8.09620 

22.89013 

0.393017 

6.942 

24 

7 

B 

5-25395 

13.36777 

O . 393030 

6-943 


Average, o . 393023 6 . 942 

The results agree almost exactly with the preliminary experiments 
made by the other method with similar material, as may be seen by referring 
to the first table on page 30. As has been said, these preliminary 
experiments are, of course, entirely neglected in this comparison of final 
results. All of the preparations used in this preliminary work contained 
traces of sodium, which would, of course, raise the apparent atomic weight 
of lithium; and accordingly these early values if included in the calculation 
would introduce a source of error. The experiments were, nevertheless, 
of great value to the investigators in the course of the work; therefore 
they seemed worthy of brief notice. 

After the various processes had been mastered, the final series, using 
utmost care to exclude all sources of error, was undertaken. The exper- 


Ratio of Lithium Chloride to Silver. 
Final Experiments. 


No. of 

Continua- 

Prepara- 

Wt. fused 



Atomic wt. 

anal- 

tion of anal- 

tion of 

LlCl, 

wt. Ag, 

LiCl. 

of U. 

ysis. 

ysis No. 

MCI. 

vacuum. 

vacuum. 

Ag 

Ag — 107 . 88 . 

<25 



5.82422 

14.82035 

0.392988 

6.9386 

26 

*4 

C 

6.28662 

15 . 99 6 87 

O.392991 

6.9389 

27 

l 5 

C 

5.82076 

14.81122 

0.392997 

6.9396 

28 

16 

C 

6.70863 

17.07038 

O . 392998 

6 - 9397 ' 

29 

*7 

C 

6.24717 

15.89620 

O.392998 

6-9397 

30 

. . 

C 

7-75349 

19.72977 

O.392984 

6.9382 

31 


E 

7 . 99108 

2 9.334I5 

O.392988 ♦ 

6.9386 




46.63197 

118.65894 

O.392992 

6.9390 
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iments were consecutive. The method is simple, and accident 
easily avoided. Four experiments (Nos. 26 to 29 inclusive) were 
utilized further by weighing the precipitated silver chloride. This portion 
of the experiment received in each case another number, and the results 
are given as experiments 14 to 17 inclusive in the table on page 31. 

These experiments then point to the number 6.9390 as the atomic 
weight of lithium, a number possessing a so-called “probable error” of 
less than 0.0002. It will be observed that the maximum deviation from 
the mean of all the experiments was less than 0.001 in the atomic weight 
of lithium, a quantity which corresponds to only about one part in 65,000 
of the lithium chloride. This is about as high a grade of accuracy as 
has usually been attained in atomic weight work. It means about one- 
tenth of a milligram in weight of the substance taken, although the error 
is probably not to be traced to the work but rather to inevitable compli- 
cations in the chemical part of the various processes, especially Jfc o occlusion 
of soluble salts by the silver chloride. 

Discussion of the Final Results. 

Thus two final results have been obtained for the atomic weight of 
lithium, namely, 6.940 by reference to silver chloride, and 6.939 by refer- 
ence to pure silver. The close agreement of these values is important 
evidence of their verity, and there seems to be no doubt that the value 
6.94 may be taken with great certainty as representing the true atomic 
weight of this lightest of the metals, supposing that silver is called 107.88. 
A change of 0.01 in the atomic weight of silver causes a corresponding 
change of only 0.0006 in that of lithium. 

The reasons for the higher atomic weight found by other experimenters 
are not far to seek. Stas admitted that his lithium chloride was alkaline, 
a circumstance which would, of course, have raised the apparent atomic 
weight, and it is probable that further error was introduced by other 
impurities. Judging from the difficulties encountered in the present 
work, his methods of purification must have been entirely inadequate. 
In those cases in the work of others where the approximately correct value of 
lithium had been founH, the fortunate result must be attributed rather 
to a compensation of errors than to any special excellence. 

The fact that the two series of results gave essentially the same atomic 
weight of lithium shows that they indicate very nearly the same atomic 
weight of chlorine, referred to silver, as that found in the work of Richards 
and Wells. The average of the present work shows that one part of pure 

silver would give = 1.32864 parts of chloride, while Richards 

and Wells obtained 1.32867. This shows that the silver must have been 
^ure within one part in forty thousand, a fraction about equal to the 
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experimental error of the analysis. One pair of experiments, namely 
the pair numbered 16 and 28, gave exactly the value found by Richards 
and Wells. 

Another method of comparing these results is to reduce them hoth 
to the ratio of lithium chloride to silver. On this basis, if one part of 
silver chloride corresponds to 0.295786 of lithium chloride, and one part 
of silver corresponds to 1.32867 parts of silver chloride, 1 then one part of 
silver must correspond to 0.393002 part of lithium chloride. This 
obvioUvSly differs by one part in 40,000 from the result 0.392992 found 
directly. The mean of these two figures, namely 0.392997, may perhaps 
be supposed to represent the true value of the ratio to within one part 
in 80, o<x). This value will be chosen for the computation involved in 
the subsequent work. 

Summary. 

In conclusion of the first part of the work, the following brief summary 
presents the chief features. Lithium salts were in the first place studied 
with great care in order to discover the most suitable substance for the 
investigation and the best methods of purifying them. The precipitation 
of lithium as fluoride and the conversion of this precipitate into nitrate 
or perchlorate with many recrystallizations of the soluble salts was found 
to be the surest method of eliminating impurities, especially sodium. 
The perchlorate was decomposed by heat; the nitrate precipitated by 
ammonium carbonate in order to convert it into chloride. The purer 
the material the lower was the observed atomic weight of lithium, and the 
two purest samples gave precisely the same results within the limit of 
error of experimentation. In all 46.56877 grams of lithium chloride 
yielded 154.0602 grams of silver chloride, corresponding to 6.940 as the 
atomic weight of lithium. Moreover, 46.63197 grams of lithium chloride 
were found exactly to precipitate 118.65894 grams of silver, corresponding 
to the value for the atomic weight 6.939. These essentially identical 
results may be taken to represent the atomic weight of lithium, if silver 
is taken with the International Committee to be 107.88. If each of these 
results is given equal weight and 100.000 parts of silver are assumed to 
produce 132.867 parts of silver chloride, the corresponding amount of 
lithium chloride is 39.2997 parts. 

PART II. — THE RATIO OF OXYGEN TO LITHIUM CHLORIDE. 
Preliminary Experiments. 

The reasons which led to the selection of lithium perchlorate as the salt 
to be used in determining the ratio between oxygen and silver, and the ad- 
vantages of this substance, have already been mentioned briefly in the* 

1 Richards and Wells, PubL Carnegie Inst, of Washington, 28, 65 (1905). 
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introduction. Part I of this paper* has described the determination of 
the atomic weight of lithium — an essential link in the chain of data. 

After lithium perchlorate had been found to be susceptible of fusion 
without decomposition — thus being rendered anhydrous and suitable 
for accurate weighing — a method had to be devised for obtaining ex- 
perimentally the ratio of perchlorate to chloride, and hence the ratio of 
oxygen to the chloride and to metallic silver. 

Naturally, the first attempts were directed toward the quantitative 
conversion of perchlorate into chloride. Simple ignition first suggested 
itself, but was quickly abandoned, because this process involves a loss of 
chloride, unless extraordinaiy precautions are taken. The oxygen 
evolved carries with it particles of the salt so extremely minute that they 
color a flame fifteen or twenty feet distant, if the operation is performed 
in an open dish. To retain this dust would require such an elaborate 
apparatus that accurate weighing would be out of the question, t 

A means of reducing the perchlorate was then sought, which would 
prevent this evolution of oxygen, but this proved futile, for, as Kreider 
has shown, 2 perchloric acid is, in combination, one of the mo.;t stable of 
the oxygen acids, and is hardly affected even by the strongest reducing 
agents. Hydrogen is entirely without action on the fused salt at 300°, 
and hydrochloric acid was found to displace only very little of the per- 
chloric. In aqueous solution the situation is not much more promising. 
Although chlorates in solution are readily reduced, perchlorates under 
the same conditions are almost entirely unaffect<*d by the most powerful 
reducing agents, with the exception of ferrous hydroxide and titauous 
salts, which, in large excess, and upon long boiling, reduce them to chlor- 
ides. 3 This method is, however, quite unsuitable for precise work. All 
attempts to convert perchlorate into chloride, therefore, had to be aban- 
doned, and the reverse process was considered. 

The vapor from a constant-boiling mixture of perchloric acid and water, 
both alone and mixed with additional steam, was passed over lithium 
chloride at different temperatures; but although some hydrochloric acid 
was expelled, the conversion into perchlorate was only partial. Froth- 
ing and creeping occurred, wish unavoidable loss of material. The an- 
hydrous acid was not tried, for its use is highly inconvenient or even 
dangerous; and after an examination of the Ihermochemical relations 
Involved, there was no reason for supposing that it would be any more 
effective than its hydrate, which has a higher boiling point. Recourse 
was had, therefore, to a method similar (0 that used by Richards and 

1 See the preceding pages. 

’■* Am. J. Sd„ 50, 287 (1895) ; Z. anor, g. Chem., 10, 277. 

• Sjollenw, Z, anorg. Chem., 42, 127 (1904). Rothmund, Ibid., 62, 108 (1909), 



ATOMIC WEIGHTS OF SILVER, LITHIUM AND CHLORINE 


37 


Forbes 1 in the synthesis of silver nitrate. Lithium chloride was dissolved 
in water in a quartz flask, a slight excess of perchloric acid was added, 
over and above the amount needed to convert the salt wholly into per- 
chlorate, and the solution was evaporated by allowing a current of air to 
pass through the flask, the temperature being regulated so that no ebulli- 
tion occurred. The hydrochloric acid was soon expelled, and by gradually 
raising the temperature the excess of perchloric acid was volatilized, 
leaving pure, fused lithium perchlorate. The substances in the flask 
were thus changed gradually from a solution of the chloride into pure 
fused perchlorate, without the formation of a single bubble of gas or 
vapor. Hence the process is capable of the greatest accuracy. 

Further experiments, planned in order to test details of the operation, 
showed that pure, neutral perchlorate, prepared by recrystallization, 
could be heated to 300 ° without decomposition. On the other hand, 
the salt formed in the above process always contained a trace of chloride 
and chlorate- --as shown by its giving off oxides of chlorine when moist- 
ened with perchloric acid. This small amount, however, did not increase 
on further heating— a fact which indicated that it must have been formed 
during the evaporation of the excess of acid. This train of circumstances 
suggested that the impurities might be due to a decomposition of the 
last traces of acid, which are evolved only at a high temperature and in 
a nearly anhydrous condition. vSincc the anhydrous acid decomposes 
readily, while the dihydrate is very stable, it seemed reasonable to sup- 
pose that if the last traces of acid were removed at the lowest possible 
temperature, and in a current of air saturated with moisture (to prevent 
the dissociation of the dihydrate), this decomposition ought to be pre- 
vented, and a salt almost, if not quite, free from chloride obtained. This 
was found to be true. The purity of the perchlorate obtained depends 
upon the care with which the excess of acid is expelled before the tem- 
perature attains a high point. 

The Conversion of Lithium Chloride into Perchlorate, 

The determination of the ratio of lithium chloride to oxygen thus re- 
solved itself into the following processes: Lithium chloride was to be 
fused and weighed in a boat just as described in Part I ; it was then to be 
dissolved in a slight excess of perchloric acid; the hydrochloric and per- 
chloric acids were to be driven out by steam; and the fused perchlorate 
was to be dried at 300° and finally weighed. The gain in weight of the 
salt is caused by oxygen alone and gives at once the ratio 0 4 : LiCL 
From the known ratio of lithium chloride to silver, the atomic weight of 
the last-named element is to be calculated. 

The general method having been indicated, the complete details pf 

1 This Journal, 29, 808 (1907). 
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the operation and the apparatus used will now be described. The prepara- 
tion of very pure perchloric acid and lithium chloride has been already 
discussed in Part I. 

The quartz flasks, of ioo cc. capacity, which served to conduct the 
quantitative evaporation, were made especially for the work of Heraeus. 
They are shown in cross section in Figures 3 and 4, and may be called 
evaporating flasks. 




The quartz stopper was provided with a ground joint, into which fitted 
the bent quartz delivery tube. This tube could be removed and re- 
placed by a small quartz stopper if desired. The ends of the delivery 
and exit tubes were ground to fit glass tubes (as in Fig. 3), which were 
attached during the evaporation, and after the operation was finished, 
were replaced by glass caps, which effectually closed the flask (Fig. 4). 
A loop of platinum wire fastened around the neck of the flagy served to 
suspend it from the balance while it was being weighed. One of the 
flasks was used as a counterpoise. They were kept in separate large 
Hempel desiccators, with sticks of potassium hydroxide, and supported 
on baskets of platinum wire. Before weighing the empty flask it was 
always heated to 300 0 and dry air was passed through it for a short time, 
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in order to remove any adsorbed moisture, and the flask then allowed 
to cool in a desiccator. As a matter of fact, experiment showed the same 
weight was obtained if the flask was filled with dry air at the ordinary 
temperature, but as a precaution it was always heated. 

Platinum seemed to accelerate the decomposition of perchlorate by 
heat, as might have been expected, and the presence of this metal was, 
therefore, to be avoided. Hence it seemed desirable to fuse the lithium 
chloride, the accurately weighed factor in the reaction, in a quartz boat, 
which could then be left in the evaporating flask during the subsequent 
conversion to perchlorate. The troublesome transfer of its contents 
would thus be avoided. Careful quantitative experiments showed the 
lithium chloride could be fused in quartz in a current of hydrochloric 
acid without attacking the boat in the least, but unless the walls were 
very strong, it was cracked by the contraction of the fused salt as it cooled. 
A heavy-walled boat meant a smaller capacity for the fused chloride, 
and since it was desired to employ the maximum possible amount, the use 
of quartz was abandoned. A boat of platinum-iridium was especially 
made to fit into the flask, and used thereafter for the fusion of the lithium 
chloride. At one end was a slight projection provided with a hole, through 
which was passed the platinum wire that served to lower the boat into 
the flask. 

The fusion and weighing of the lithium chloride have already been de- 
scribed in the first part of this paper, and need only be referred to here. 
The boat containing the fused and carefully weighed chloride was lowered 
gently into the neck of the evaporating flask to which had just been added 
a few cubic centimeters of purest water direct from the still. The flask, 
with the boat suspended in the neck, was placed over an electric heater, 
covered by a large bell- jar and kept warm over night. The aqueous 
vapor condensing on the chloride dissolved it, and the solution flowed 
down into the bulb of the flask. If time were an object, the boat was 
lowered directly into the water and the contents dissolved in a few min- 
utes, but this method required more water than the other. In either 
case the final washing was accomplished as follows: To a wash-bottle 
was attached a glass tube terminating in a capillary, bent sharply at the 
end at right angles and cut off so close that it was very little thicker 
than the rest of the capillary and could be passed between the boat and 
the walls of the flask. By means of this fine horizontal jet of water, 
the boat could be washed on all sides and within. Since the wash-bot- 
tle wks of Jena glass, and the water was allowed to remain in it only a 
few minutes, no appreciable amount of alkali could have been introduced 
in this way. 

The boat was then lifted out and carefully rinsed in a beaker, the wash- 
ings being tested in the nephelometer for chloride. The an^punt found 



40 


GENERAL, PHYSICAL AND INORGANIC. 


was never more than a few hundredths of a milligram. This correction, 
when appreciable, was applied to the weight of lithium chloride. 

A slight excess of the purest perchloric acid, which had been condensed 
and collected entirely in quartz, was now added. The contents of the 
evaporating flask were thoroughly mixed, and the flask was placed on a 
support of platinum wire in an electric oven. The oven was made espe- 
cially for this purpose by winding a three-liter beaker with resistance 
ribbon, a window being provided through which the flask within could 
be observed. The stopper and delivery tube were inserted into the flask, 
and the delivery tube was connected by a ground joint with the source 
of moist air. The exit tube, passing through a hole in the side of the 
oven, was connected with a water pump to remove the acid vapors. The 
oven was provided with a glass cover, suitably perforated to admit the 
thermometer and the delivery tube. 

The air, supplied by a water pump, was purified by passing successively 
through towers, some containing potassium hydroxide solution with / a 
little manganate, and others containing a fifty per cent, solution of phos- 
phoric acid, to which had been added potassium permanganate. Thus 
the air was freed from soluble impurities. 

When dry air was desired, the current was passed through further 
tubes containing, respectively, fused potassium hydroxide and resublimed 
phosphorus pentoxide. When moist air was desired, it was passed through 
an electrically heated gas washing bottle containing water. By turn- 
ing the proper stopcocks either moist or dry air could be passed into the 
evaporating flask. To prevent the condensation of water in the tube, 
the latter was wound with resistance wire from the bottle as far as the 
point connecting it with the quartz flask, and heated by the passage of 
a suitable current. The temperature of the oven containing the evapo- 
rating perchlorate solution was read on a thermometer, the bulb of which 
was placed in contact with the evaporating flask as close to the fused salt 
as possible. 

The temperature of the oven was kept at 130° while dry air passed 
through the flask until about two-thirds of the water had evaporated; 
then it was raised to 150° until most of the hydrochloric acid had been 
expelled. Moist air was at this stage passed through the evaporating 
flask, and soon perchloric acid was evolved. After several hours at 160 0 
no more appeared; at 180 0 a little more was expelled, and from this point 
the temperature was slowly raised to 250°. The salt was then neutral 
but not quite anhydrous. To remove the last traces of water, it was 
heated in dry air at 280-300° for at least five hours; further heating 
was found to cause no diminution in weight. The entire operation 
usually occupied three days. The perchlorate was allowed to cool in 
the current of dry air, until the crystals began to appear. It was then 
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warmed to the freezing point (236°) and allowed to cool very slowly, so 
as to avoid too violent solidification. It was quite crystalline and trans- 
parent. The glass caps were then placed over the ends of the tubes and 
the flask was quickly removed to the desiccator, which was placed for a 
sufficient time beside the balance case in a room kept at nearly constant 
temperature. 

The possibility that solid material which ought to be weighed might be 
carried away with escaping gas and vapor during the evaporation was 
duly considered. Experiments already made with silver nitrate 1 make it 
unlikely that this was the case. The method of evaporation seems to be 
really quantitative. Nevertheless, although no mechanical loss is apparent, 
there is a conceivable possibility that traces of the lithium perchlorate 
might be carried away in the state of vapor with the escaping perchloric 
acid or water at the high temperature. Unlikely as this might seem, it is 
nevertheless worth testing, and the test was easily applied by adding 
perchloric acid and water after the fused substance had been weighed and 
then repeating the evaporation, fusion, and weighing. The interpretation 
is somewhat complicated by the fact that the true weight of perchlorate 
can never be attained with perfect accuracy uMil one knows how large an 
amount of chloride and chlorate have been rormed during the fusion. 
Rarely were these impurities wholly absent. Nevertheless, the following 
test is fairly satisfactory. 

A neutral solution of nearly 14 grams of pure lithium perchlorate, after 
various preliminary trials in order to find the best succession of tempera- 
tures for the evaporation, was treated with a few drops of an excess of 
perchloric acid, and the acid was evaporated at 165° for several hours 
until the mass solidified. The temperature was now raised to 200° and 
kept there until the mass which had partially melted had again solidified; 
again gradually raised to 245 °, and kept there for less than two hours; 
yet once more gradually raised to 280° where it was kept for five hours, 
and finally to 300° for yet three hours more. After making the correction 
to vacuum, the lithium perchlorate w^s found to weigh 13.92425 grams. 
It was then heated to 300° for five hours more and lost 0.00025 gram. 
This loss was due to loss of oxygen, however, as shown by the fact that 
on adding dilute perchloric acid a pale yellow solution was obtained. This 
was again evaporated rapidly at about 210°. Gradually the tem- 
perature was raised to 240 0 and was kept there until the excess of acid 
had been expelled and was then heated to 300 0 for three hours. The 
weight was now 13,92419, or only 0.00006 less than the first weight. 
As the heating had been brief, it was continued at about 300° for four 
hours more, wheif the weight was found to be 13.92416, essentially the 
same as before. Upon being dissolved in very dilute perchloric acid no 
1 This Journal, 2 % 815 {2907). t 
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trace of yellow color was observable, showing that the substance this 
time had not been greatly decomposed. Nevertheless, in order to test 
the matter yet again, the fused salt was dissolved in very dilute perchloric 
acid once more. 

The water and perchloric acid were driven off as before, and the residual 
salt was dried three and a half hours at 300 °. This time again the weight 
had changed only one- thirtieth of a milligram, being 13,92413 grams; and 
upon dissolving in dilute acid no trace of yellow color was to be perceived. 
Thus the total loss in two evaporations amounted to only 0.00012 gram, 
or an average of about one- twentieth of a milligram for each evaporation. 
This small loss is negligible, being only 1 part in 200,000 of the weight of 
material in question, and even this may be due to nothing more than a 
slightly greater loss of oxygen before the last weighing than before the 
first. An accident prevented the determination of the amount of chloride 
in the final sample. In the carefully finished determinations given in the 
final table the amount of oxygen lost varied from 0.00009 gram to o.odoyS, 
gram, or on the average about 0.0004 gram. This is considerably more 
than the divergence between the weights given above, and therefore it is 
clear that the agreement looted above is as good as could be expected, 
and shows that no important amount of material is carried away with 
the stream of vapor and air during evaporation. 

The Weighing of Lithium Perchlorate. 

When perfectly neutral, lithium perchlorate is not in the least deli- 
quescent in air of ordinary humidity, but the presence of a very little 
acid suffices to make it so. After several days’ exposure the pure salt 
is still apparently dry. Nevertheless, great cart* was taken not to ex- 
pose the contents of the evaporating flask to the air. The ground stop- 
pers of the flask were always kept closed, and although they were not 
quite as tight as those on the weighing bottles for the lithium chloride, 
they were evidently sufficient for the purpose. 

In order that the apparent weight of lithium perchlorate might be 
corrected to a vacuum standard, the density was found by determining 
the weight of toluene displaced by a known quantity of salt. The toluene 
had been dried over sodium and then distilled. Its density at 25 0 re- 
ferred to water at 4 0 was found to be o. 86 17. Pure lithium perchlorate 
was fused in a quartz crucible in a current of dry air, broken into coarse 
pieces and transferred to an Ostwald pycnometer, modified for use with 
solids. Great care was taken to remove all air bubbles by shaking in a 
vacuum. The following table records the results: 




Weight of LICIO4 
in vacuum, grams. 

5.2866 
, , .5*2866 


Density of Lithium Perchlorate. 
Weight displaced 
toluene in vacuum. 


1-8757 

1.8760 


Density of 
LiClO, 2 5 °/4°. 


2.4285 

2.4283 
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The mean value is 2.428, and assuming the density of the weights as 
8.3, a correction of 0.0003501 gram was added to every apparent gram 
of lithium perchlorate. 

The weighing of the evaporating flask with its counterpoise proved to 
be rather troublesome. During the first few minutes on the balance, 
the flask lost somewhat in weight, frequently as much as 0.20 mg.; but 
eventually the weight became constant. Since both flasks showed this 
behavior it was not a serious matter, for constancy with respect to one 
another was all that was required. After waiting until constancy had 
been reached, the weight of the flask obtained after replacing it a second 
time upon the balance was usually within a few hundredths of a milli- 
gram of the first one. The initial irregularity may have been due to 
adsorbed moisture, but was more probably due to slight temperature 
changes, for with so large a vessel half a degree Centigrade would cause 
this difference. Hence the temperature of the balance case and the 
flasks should not change appreciably during the weighing; the more 
nearly this condition was realized, the more accurate was the result. A 
large pane of glass was placed between the observer and the balance to 
prevent the heat of the body from reaching it. 

Impurities in the Fused Perchlorate. 

There could have been only four possible impurities in the salt (pro- 
vided that the lithium chloride and the perchloric acid and water were 
pure, and that the vessels were not attacked), namely, chloride, chlorate, 
hydroxide and water. The tests for these will be discussed in order. 

After the flask had been weighed, its contents were dissolved in 0.1 
liter of water, and the chloride present in 25 milliliters was determined 
in the nephelometer. The amount was always small — usually less 
than 0.002 per cent. — and the corresponding correction averaged about 
four- tenths of a milligram in 14.3 grains of perchlorate. The following 
table contains a statement of the amounts of chloride found in each of 
the final experiments, and a correction which was applied to the final 
weight of lithium perchlorate containing these impurities in order to 
allow for the oxygen lost. It is evident that for every 0.425 milligram 
of lithium chloride found, 0.64 gram of oxygen must have been lost, 
these quantities being in proportion to the combining weights. In the 
last determination, involving over 22 grams of perchlorate, the correc- 
tion was so small as to be practically negligible; and in only one or two 
cases, in which the heating had probably been somewhat too rapid, did 
the total correction amount to any serious quantity. 

Traces of chlorate were always likely to be present with the chloride, 
and since the quantity was very small, it was most conveniently estima- 
ted nephelometrically after reduction with a solution of pure sulphur di- 
oxide. This gave the total chloride, the amount corresponding to the 
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chlorate being obtained by subtracting that previously found as chloride. 
The correction for chlorate was usually entirely negligible; its amount 
was determined in four cases, analyses i, 2, 7 and 11. Only in the last 
of these cases where the amount of lithium chloride found was unusually 
large did the necessary correction equal one- twentieth of a milligram; 
it was usually less than one-thirtieth. As a rule the more chloride pres- 
ent, the greater was the amount of chlorate, although the proportionality 
was not exact. Because one- twentieth of a milligram was only one part 
in 300,000 of the weight of perchlorate in the case of Experiment n, 
and the amount present did not exceed this fraction in any of the other 
cases, the correction might have been entirely neglected without intro- 
ducing appreciable error. 


Weight of Correction applied 

No. of LiCl found. to weight of L1CIO4. 

experiment. Milligram. Milligram. 

7 O.13 4-0.20 

8 0.50 4 o .75 * 

9 0.16 +0 24 

10 0.21 4-0.32 

IX 0.52 4-0.78 

12 0.06 4-0.09 


The formation of alkali was never observed, the solution of the per- 
chlorate being always absolutely neutral to indicators. Even when the 
salt is completely decomposed into chloride, only a little oxide or hydrox- 
ide is formed, and in the specimens obtained in this work where only a 
trace of any kind of decomposition occurred, the amount of alkali must 
have been infinitesimal indeed. 

Although it seemed probable that the salt dried under these conditions 
was perfectly anhydrous, the inference could only be verified by com- 
plete decomposition, as in the corresponding work of Richards and Poibes 
on silver nitrate. Lack of time has thus far prevented the completion 
of this final test, but a comparison of our work with the results of these 
authors indicates that the amount of water, if any, must be extremely 
Small. They found certainly not over 0.001 per cent, in silver nitrate 
dried one hour at 210°, while the lithium perchlorate was heated to 300° 
for four or five houn> in perfectly dry air. The correction for 0.001 per 
cent, of water in the perchlorate would raise the atomic weight of silver 
only 0.002. 

Valuable information concerning the probably anhydrous nature of 
the salt, corroborating the above conclusions based on analogy, was 
actually obtained in four, cases. During the progress of analysis 8 the 
^tiriuiM|erehlorate was heated in the first place for four hours at 280°. 
Three Wurs more at about the same temperature caused a further loss 
of only d.19 milligram, or 0.002 per cent. This loss, being much less than 
the weight $0 oxygen lost by the substance, may have been entirely due 
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to the incipient decomposition. At any rate, even supposing the loss 
had been due to water, one might well infer that further heating could 
hardly expel more than o. i of a milligram additional. As will be seen, 
this inference was verified later. The ninth experiment was treated in 
dry air for six hours at 252 °, a temperature at which the water would 
undoubtedly be expelled much less rapidly. Two and a half hours more 
at a temperature 30° higher caused the expulsion of about 0.2 milligram, 
and yet three hours more at the same temperature caused a further loss 
of but little more than o . 1 milligram. Thus only o . 003 pr cent, of the 
weight of the salt dried at 252 0 was lost by prolonged heating at 285°. 
Even this loss may have been due chiefly to oxygen, of which 0.24 milli- 
gram was shown to be lacking by the presence of 0.16 milligram of lith- 
ium chloride in the product. 

In Experiments 11 and 12 higher temperatures were used. After 
having been dried for four and a half hours at 290-300°, the lithium per- 
chlorate in this experiment weighed 17 . 84843 grams, and after further dry- 
ing in a current of pure dry air for three hours at 300 °, it weighed 17 . 84842, 
a loss of only 0.01 of a milligram. It seemed unlikely that further heat- 
ing even at this h : .gh temperature would cause any further loss of weight. 
The last experiment, No. 12, was the most conclusive of all. The salt 
was first dried for five hours at 280° and was found to weigh 22.58271 
grams. Aftei three hours further heating at 280°, three hours more at 
300°, and a few minutes at 310°, the specimen weighed 22.58275, a 
slight gain , but one not exceeding a possible error of weighing. Further 
heating for one hour at 300 0 caused an opposite change of only one- 
thirtieth of a milligram in this salt. The weight accepted as the true 
one was 22.58273, and one can hardly believe that this substance still 
retained an appreciable amount of water. These weighings demonstra- 
ted not only the probable absence of water, but also the striking stability 
of the salt. 

The four impurities which might possibly have come from the pure 
materials employed have thus been discussed in detail. It remains to 
consider the impurities which might have come from the vessels used 
and from the gases in contact with the fused materials. 

The lithium chloride (forming the starting point of the determination) 
was fused in a platinum boat. In most of the experiments this boat 
was weighed before and after the fusion, and was usually found to have 
lost but little. For example, in Experiment 7 the loss was 0.02 milli- 
gram, and in Experiment 8, 0.05 milligram and in Experiments 9 and 10, 
taken together, only 0.01 milligram. Thus in four experiments involving 
the fusion of over 18 grams of lithium chloride the total loss of weight was - 
only 0.08 milligram, or 0.0004 percent, of the weight of the lithium 
chloride* On the other hand, in the last experiment, No, iay which was 
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Otherwise the best of all, the boat lost much more in weight, because in 
this case a new boat had been employed to accommodate the unusually 
large quantity of material. The loss was here 0.3 milligram. There was 
every reason to believe, because in other cases the platinum was not 
attacked, that this excessive loss, amounting to 0.003 per cent, of the 
lithium chloride, was due, at least in part, to iron volatilized from the 
boat during fusion at high temperature in hydrochloric acid. The boat 
had indeed been previously cleansed by treatment with ammonium chlo- 
ride at high temperatures as usual, but apparently the cleansing had 
been insufficient. The mean weight of the boat was taken as the true 
one. Even the maximum error resulting from this choice amounts to only 
one part in 60,000 of the weight of lithium chloride, a quantity which 
seems often to represent the limit of accuracy in experimental work of 
this kind. On the whole, the evidence is that the boats were not suffi- 
ciently attacked to cause any important constant error in the series of 
results. 

Turning now to the quartz flask, the only other receptacle used dur- 
ing the experiments, it was easy to prove that this was not appreciably 
attacked during the experiments. In three cases in which no regiinding 
of joints or alteration in tare weight had been necessary, the following 
successive tares of the evaporating flask were found : Experiment 8, 0.00106; 
Experiment 9, 0.00103; Experiment 10, 0.00104. This practically proves 
that the flasks were not appreciably attacked by the acid lithium per- 
chlorate at 300 °. It is of course possible that the flasks gained from the 
fused mass a weight of lithium equal to the weight of silica dissolved, 
but this is unlikely, especially because the flasks to-day, after all the deter- 
minations, still appear perfectly clear and transparent as they did at first. 

Neither sodium chloride, silver chloride, nor silver nitrate were found 
in the previous investigations 1 to retain on fusion perceptible amounts of 
oxygen or nitrogen or argon, and, as the air and nitrogen passed over 
the lithium chloride and lithium perchlorate in the present experiments 
were both free from other gases, it is reasonable to infer that these salts also 
did not contain dissolved gas. The absence of hydrochloric acid from 
the lithium chloride which had been fused in the gas, and subsequently 
while fused heated in a current of pure nitrogen, was proved by com- 
plete neutrality of the dissolved product. 

From these considerations it would appear that both the lithium chlo- 
ride and lithium perchlorate were obtained in these experiments in a state 
of purity as great as is practicable in the present state of work of this 
kind, and therefore that the conclusions based upon the quantitative 
results are inferior to none. 

1 Richards and Wells, Publ. Carnegie Inst. Washington , 28, 55, 60 (1905). Rich* 
axds and Forbes, Ibid., 69, 55 (1907)* 
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There follows a table containing the four preliminary results which 
were brought to a satisfactory conclusion. The third and sixth of this 
preliminary series were vitiated by known experimental errors, due to 
inexperience with the processes involved. No great accuracy is claimed 
for these results, but they serve to show that the process was one which 
was capable of exact work, and afforded the valuable training needed to 
carry out the six consecutive final experiments which followed. The 
lithium chloride used in these preliminary experiments was not perfectly 
pure, being of the same quality as that used in the preliminary experi- 
ments of the other series. In calculating the last two columns of the 
table below, values for the ratio LiCl : A g were chosen .which corre- 
sponded with the particular samples of slightly impure lithium chloride 
used in each case, namely, 0.39298 for Experiments 1 and 2, and o 39304 
for Experiments 4 and 5. Thus a large part of the error due to impuri- 
ties in the lithium chloride was eliminated: 

Ratio of Oxygun to Silve r, () 4 .* Ag. 

Preliminary Series 


No of Sample 
experi- of 
rnent. salt. 

Weight 

fused 

LiCl, 

vacuum. 

Weight 

fused 

L1CIO4, 

vacuum. 

40 . 

LiCl 

40 . 

Ag 

Atomic wt. 
of Ag. 

I 

O 

4 24x71 

IO (>4596 

I . 50983 

0-5933 3 

107.87 

2 

O 

5 09073 

12 77683 

I . 50982 

0 59333 

107.87 

4 

D 

4-03587 

10, 12750 

I • 50957 

0.59324 

IO7.88 

5 

1) 

5.19638 

I3.O402I 

I . 50948 

0.59329 

5 

- 1 

00 





I . 50962 

0.59330 

107.872 


Thus the atomic weight of silver is shown by these preliminary results 
to be not far from 107 872. It is interesting to note that if Stas's value 
for the relation of lithium chloride to silver had been used in making 
the computation of these results, the atomic weight of silver recorded 
in the last column would have been 107 70. This value is quite impossi- 
ble in view of results obtained in other ways, and serves to emphasize 
the grave error which unquestionably existed in Stas’s work on lithium 
chloride. 

These preliminary experiments having furnished an adequate prepara- 
tion for the execution of an exact series of experiments, six syntheses 
yielding the following results were made. The lithium chloride used in 
the determinations was preparation C already used in previous work in- 
volving the comparison with silver. The advantage of using similar 
material in the two sets of experiments has already been emphasized* 
Every precaution was taken, and, although we feel that with the ex- 
perience gained in these experiments, a yet more consistent series might 
be obtained, especially if somewhat larger quantities of material were 



48 GENERAL, PHYSICAL AND INORGANIC. 

used; nevertheless, it is evident that this degree of accuracy will not be 
easy to exceed. 

'Hie following table explains itself. The weight of lithium perchlorate 
given was in each case obtained by adding to the actual weights (cor- 
rected to the vacuum standard) the corrections for chloride given in the 
last column of the table on page 44, together with the vanishingly small 
corrections for chlorate mentioned just afterwards. In calculating the 
values given in the last and next to the last column, the ratio of lithium 
chloride to silver is assumed to be 0.392997 : 1 as previously stated at 
the conclusion of Part I. No experiment was rejected. 

The Ratio of Oxygen to Silver. O, : Ag. 

Pinal Series. 


No. of 

Weight fused 
LiCl (vacuum). 

Corrected 
weight fused 

40 . 

40 . 

Atomic wt. 

experiment 

LiCIO* (vacuum). 

LiCl 

Ag 

of silver. 

7 

5.09744 

12.79265 

1 . 50962 

0.593276 

107.876 

8 

4.20534 

IO.55416 

1 . 50970 

0.593307 

107.876 

9 

4.54205 

II. 39912 

I ■ 50769 

05933 0 2 

107.871 

10 

4.45070 

II . 17008 

1.50974 

0.593323 

107 . 867 

11 

7.II167 

17.84842 

I.50974 

0.593323 

I07.86J 

12 

8.99846 

22.58273 

1 . 50962 

O.593276 

107 . 876 

Sum. 

-34.40566 

86.34716 Av. 

« 1 . 50968 

0 593301 

107.871 


Thus, according to this series of results, silver is 107.871, if oxygen is 
taken as 16.000, and the ratio of lithium chloride to silver is taken as 
0.392997 : 1. A variation of 4 in the sixth decimal place of this latter 
ratio would cause a change of only 0.001 in the atomic weight of silver. 
There seems to be no doubt that the ratio of lithium chloride to silver 
is not much more in error than this, and accordingly that the atomic 
weight of silver given by this series of results is free from error due to the 
work described in the first part of the present paper. The probable error 
of the final result, 107 .871, according to the method of least three squares, 
is 0.003. The only possibility of serious uncertainty seems to lie in the 
possible retention of water by the fused lithium perchlorate. This would 
obviously tend to make the atomic weight of silver appear lower than 
it is. Accordingly we are disposed to believe that the value 107.871 
represents the lower limit. Ihe last analysis, made with the largest 
amount of material and showing the least decomposition, was probably 
the most satisfactory determination of all, and it will be noticed that in 
this case the value is somewhat higher than the average. If silver is 
107.871, lithium becomes 6.939, essentially the same as if silver were 
107 . 88. Chlorine is somewhat more affected by this difference in silver, 
sinking from 35 . 457 to 35 . 454. 

Further determinations carried out as this last determination was, to- 
gether with other experiments in which the possible presence of water re- 
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maining in the final substance should be sought in the manner used by 
Richards and Forbes in the case of silver nitrate, are needed to settle 
the third decimal place in the atomic weights of silver and chlorine be- 
yond doubt, but the present investigation seems unquestionably to show 
that the atomic weights proposed by Stas, both for silver and for lithium, 
were much too high, and that the recent conclusion of many chemists 
that the value for silver is not far from 107.88 is entirely justified. 

It is worthy of note that this investigation, taken together with that 
of Richards and Wells, gives values for chlorine, lithium and silver re- 
ferred to oxygen which are independent of all other work. That these 
values should agree so closely with other results obtained in such widely 
different ways is very reassuring as to the degree of precision now within 
reach. 

Summary. 

This investigation consisted in a careful study of three ratios, namely 
that of lithium chloride to silver chloride, that of lithium chloride to 
silver, and that of lithium chloride to lithium perchlorate. By means of 
the last two ratios, 0 4 : Ag was calculated, and new values were obtained 
in this entirely new way for the atomic weights of silver, lithium and 
chlorine. In the process of this work new methods of purifying lithium 
salts, better than any preceding, w ? ere devised. Lithium chloride was 
fused in such a way as to show perfect neutrality to the most sensitive 
indicators, and was weighed in a strictly anhydrous condition. The 
preparation of perchloric acid also was subjected to rigid scrutiny, and 
this substance was made in a state of unusual purity. The sharpness of 
the end-point in the method used for determining the relation between 
silver and chlorine was much increased by cooling the solution to o°, in 
order to diminish the solubility of silver chloride. In other respects the 
methods of analysis developed in previous Harvard investigations were 
used in the determination of chlorine. A new precise method was de- 
vised for converting lithium chloride into lithium perchlorate, and its 
sources of error were carefully examined. 45.56877 grams of lithium 
chloride were found in seven experiments to yield 154.0602 grams of 
silver chloride on complete precipitation; and in another series of seven 
experiments partly independent from these 46.63197 grams of lithium 
chloride were found to need 118.65894 grams of silver for complete pre- 
cipitation. In yet another series of six experiments, entirely independent, 
but using a similar preparation of lithium chloride, 34.40566 grams of 
this substance were converted into 86 . 34716 grams of lithium perchlorate. 
As an outcome of all these experiments, the atomic weight of lithium 
was found to be 6.939, and the atomic weight of silver 107.871, if oxy- 
gen is taken as 16.000. 

Cambjlidgb, Mass. 
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x. Outline of the Investigation. 

The solubility of many difficultly soluble salts at room temperatures 
has already been determined by several investigators 1 by means of meas- 
urements of the electrical conductance of the saturated solutions. At 
the higher temperature of ioo° Bottger, 2 working in this laboratory 
with the platinum-lined steel bomb used for conductivity measurements, 
determined the conductance of the saturated solutions of three silver 
salts. 

The purpose of the present investigation was to apply this method to 
other salts at the high temperatures. The solubilities of silver chloride 
and barium sulphate, which are of great importance in analytical chem- 
istry, were determined at 18, 50 and ioo°. I11 addition, conductance 
measurements of saturated solutions of calcium sulphate were made at 
the temperatures 18, 50, 100, 156 and 218°, and the solubility and ex- 
istence of its three forms, gypsum, soluble anhydrite, and ordinary an- 
hydrite, were studied by this method. This substance was chosen for 
investigation partly because of the great importance of a knowledge of 
its solubility relations from the standpoint of geological and industrial 
chemical processes. 

2. Previous Investigations upon These Substances. 

Kohlrausch and Rose, Holleman, and Bdttger 8 measured the conduc- 
tance of saturated solutions of silver chloride, barium sulphate, and 
gypsum at temperatures between 2 and 42 After subtracting the 
measured conductance of the water, they calculated the corresponding 
solubility by means of approximate values of the equivalent conductance 

1 F. Kohlrausch and Rose, Z. physik. Chem 12, 234 (1893); Holleman, Ibid., 12, 
125 (1893); F. Kohlrausch, Ibid , 44, 197 (1903); 64* 129 (1908); W. Bdttger, Ibid., 

46, 521 (1903). 

* Z, physik. Chem., 56, 83 (1906). 

* Loc. cit. 
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at zero concentration. Two later articles of Kohlrausch give new values 
of the solubility, based upon more recent determinations of the equiva- 
lent conductances. 

Goodwin 1 calculated the solubility of silver chloride at 25 0 from meas- 
urements of the potential difference of two silver electrodes, one of which 
was placed in a silver nitrate solution and the other in a potassium chlo- 
ride solution saturated with silver chloride. 

Bdttger, as above stated, made preliminary experiments on the solu- 
bility of silver chloride at ioo° in the platinum-lined bomb. 

The solubility of gypsum between o and ioo° has been determined by 
numerous investigators by evaporating a known volume of its saturated 
solution and weighing the residue. The literature ’relating thereto has 
been discussed by Hulett and Allen 2 in connection w r ith their own care- 
ful determinations. 

At higher temperatures Tilden and Shenstone 3 made rough measure- 
ments by heating an excess of solid salt with water in a silver-plated 
gun-metal tube, decanting while still hot through a platinum gauze parti- 
tion into another part of the tube, cooling in the air, and analyzing the 
decanted solution. Boyer-Guillon 4 determined the solubility of calcium 
sulphate by heating a solution of it in a bronze autoclave for some hours 
at the temperature in question and then withdrawing portions through 
an asbestos filter. 

3. Apparatus and Method. 

The conductance measurements were made in a bomb such as is de- 
scribed by Noyes and Coolidge. 5 The electrode was of platinum-irid- 
ium, a cylinder dome-capped in shape, and polished so that none of the 
solid salt in suspension would adhere to it. The bomb carriage 0 was con- 
nected by means of gearing to an electric motor so that the bomb could 
be turned over and over continuously about twelve times per minute. 
The measurements from 18-156° w^ere made in this w T ay within an elec- 
trically heated bath of liquid pseudocumene. Those at 218° were made 
in a naphthalene- vapor bath, the bomb being rotated occasionally by 
hand. 

The conductance capacity of the bomb was determined by measuring 
in it the conductances of 0.002 normal potassium and sodium chloride 
solutions at 18°, and was thus found to be o. 1224 and o. 1225. 

It was proved that the conductance of a 0.01 normal potassium chlo- 
ride solution in the bomb was not measurably changed by the addition 

1 Z. physik. Chem 13, 645 (1894). 

• This Journal, 24, 676-9 (1902). 

• Phil. Trans. Royal Soc. t 175 A t 31 (1884). 

4 Ann. Conservatoire Arts et Metiers [3], 2, 207 (1900). 

1 Publ. Carnegie Inst., Washington , 63, 59. 

• hoc . cit u p. 64. 
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of some solid silver chloride, showing that the presence of the solid in 
suspension would make no appreciable error in the conductance meas- 
urements. 

The solubility determinations were made in the following manner, 
except in the cases noted in a later section: About one cubic centimeter 
of the moist well- washed salt was placed in the bomb and further washed 
by decantation. Water whose conductance had been determined in a glass 
cell was introduced into the bomb, and the bomb was closed. The bomb 
was next rotated at each successive temperature until the conductance 
was constant for fifteen minutes. The bomb was then carefully opened 
and the .solution decanted oil, a quantity of fresh water was added to the 
same salt, and the process was repeated until the conductances of the 
successive solutions at each temperature were practically identical. 

Conductance measurements witli water alone were made in the bomb 
under the same conditions, so as to determine the water correction In 
these cases, the same method of treatment and the same time of heating 
were followed. The results are given in Table 1 : 

Tabus I —Values of the Specific Conductance X io 6 or Water* 


Bomb at i8°. Bomb a* 50° 


Date 

iqo8. 

Glass cell 

initial. 

Final 

Initial 

Final. 

Bomb at 
100 0 . 

Feb. 5 

• • 0.49 

0.65 

0.68 

1 . 29 

*■34 

2.6b 

Feb. 7. 

. ... 0 47 

0.58 

0.67 

1 IS 

1.24 

2.25 

Feb. 11 

0.55 

0.7 2 

0.79 

1.28 

I.42 

2.42 


Mean, 0.50 

0.65 

O.71 

. .24 

1-34 

2.45 


4. Preparation of the Materials. 

Two samples of silver chloride were prepared in a photographic dark- 
room illuminated only by red light. Sample I was prepared as follows: 
A solution, approximately o.x normal, of silver nitrate was heated to 
ioo° in a water bath. A solution of o. i normal hydrochloric acid was 
dropped .slowly into the hot silver nitrate solution with constant stirring. 
The silver chloride was washed by decantation, the chloride settling out 
very quickly. Sample 11 was prepared in the same way from silver ni- 
trate and potassium chloride solutions. The washed chloride was, how- 
ever, in this case further washed by shaking with a dilule ammonia solu- 
tion in a bottle. The remaining chloride was treated with cold am- 
monia, 0.9b, until about three-fourths of it had dissolved, and the solu- 
tion was separated by decantation. This solution was heated slowly 
with vigorous stirring, and the precipitated chloride was washed by de- 
cantation. Both samples were kept under water in the dark, 

Barium sulphate was prepared by dropping a o 1 normal barium chlo- 
* ride solution into a hoto.i normal sulphuric acid solution which was 
^constantly agitated by a revolving stirrer. The salt was washed by de- 
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cantation and rotated for hours in hot water. The smaller particles 
were then washed away by decantation. 

Calcium .sulphate was prepared both in the form of gypsum and of an- 
hydrite. A quantity of Kahlbaum's C. P. calcium sulphate was washed 
by long agitation with several portions of water. Conductivity water 
was then saturated with this salt at the temperature of its maximum 
solubility (35-40°), and the solution was then partially evaporated at a 
temperature below 60 °, yielding the sample of gypsum. The anhydrite 
was obtained by dehydrating the salt so obtained by heating at 200° 
for twelve hours, when a constant weight had resulted. 

The water used in the solubility determinations was prepared by re- 
distilling ordinary distilled water to which alkaline permanganate solu- 
tion was added, from a copper still with a tin condenser. This water was 
used directly in the work with calcium sulphate. For the solubility ex- 
periments with silver chloride and barium sulphate, this w r ater w r as again 
redistilled from a special tin-lined still with a block- tin condenser. Only 
those portions from cither distillation which had a specific conductance 
less than o S X io~ 6 w*ere used in the investigation. 

5. Conductance of Solutions Saturated with Silver Chloride and 

Barium Sulphate. 

The specific conductances of the saturated solutions of silver chloride 
and barium sulphate are given in Table II. The column headings are 
for the most part self-explanatory. Ail the conductance values are ex- 
pressed in reciprocal ohms and multiplied by io°. The specific conduc- 
tance value given for the water employed are those measured in the glass 
cell at 18 or 25°: 

Table II. — Specific Conductance Data for Saturated Solutions of Silver 


Chloride and Barium Sulphate. 

Salt and 18 or as 0 . 1 50°. ioo°. 

Date. sample, Water at * . , * , * 

1908. AgCl. i8or25°. lnit. P111. Init. Kin. lint Fin, 156°. 

Feb. 19 I 0.61 2.08 2.94 9.39 10.75 61.8 

Feb. 20 o 54 2.06 3.04 9.46 10.75 61.6 

Feb. 26 0.54 2.05 2.91 9.32 10.60 61.6 

Feb. 27 0.49 1.89 2.48 9.10 9.96 61.2 

Feb. 28 II 0.49 2.00 3.52 9.75 11.78 63.3 

Mar, 2 0.65 1.99 2.73 9.25 10.40 62.0 

Mar. 3 0.56 2.00 2.52 9.32 10.03 61.6 

Baso 4 . 

July 27 I 0.80 3.90 s 8.82 7.85 ... I6.93 24.1 

July 28 0.60 3.75* 6.42 7.79 11.60 16.54 21.2 20.2 s 

Jnly 919.' 0.65 3.81 3.99 7.73 7.93 16.45 

i (3*99) 6,60 4 19. 8 4 


1 18 0 in the experiments with AgCl, 25 0 in those with BaS0 4 . 

* The values at 18 0 were 3.01 and 2.94 in these two experiments. 
s This increased to 24.6 in 45 minutes. 

4 This increased to 25.0 in 30 minutes. 
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The conductance of the saturated silver chloride solutions became 
constant in about twenty minutes. Preliminary experiments carried 
to the higher temperature 156° showed the impracticability of making 
any determinations above 100 °. The large increase of conductance 
with the time in the case of barium sulphate at 156° is shown in the foot- 
notes of the table. When, as in the third experiment, the solution was 
not heated above ioo°, the final value at 25 0 is seen to be only slightly 
larger than the initial value; but when heated to 156°, as in the first two 
experiments, it was nearly doubled in less than an hour. The last row 
in the table shows directly the effect of heating to 156° the solution 
(represented by the row above) which had been previously heated to ioo°. 

6, The Solubility Values for Silver Chloride and Barium Sulphate. 

Prom the specific conductances of the saturated solutions given in 
Table II, the conductance of the water was first subtracted, this being 
derived from Table I by multiplying the mean “bomb” values*there 
given by the ratio to 0.50 of the specific conductance shown by the water 
in question when measured in the glass cell. As final values for barium 
sulphate were adopted the so-called initial values obtained in the last 
experiment (on July 29th) when the salt h;jd been most fully leached out. 
As final values for silver chloride at 18 and 50 0 the mean of the initial 
values obtained in the last experiment with each sample (on Feb. 27th 
and March 3rd) were adopted. The value for silver chloride at ioo° was 
corrected by determining the temperature coefficient of the contamina- 
tion from the difference of the initial and final values at 18 and 50° and 
subtracting the proportionate value at ioo°. The following specific 
conductances X io 8 were thus derived : 

Table III. — Specific Conductance of Saturated Solutions of Silver Chloride 

and Barium Sulphate. 


Substance: 

18 0 . 

25 °. 

50 °. 

100°. 

Silver chloride 

1.26 


7.90 

57*9 

Barium sulphate 

. . . 2.30 

3 .00 


14.0 


By dividing the values given in Table III by the sum of the equivalent 
conductances of the separate ions, as given by Johnston, 1 the ion-concen- 
trations in the saturated solutions were calculated. The results expressed 
in milli-equivalents per liter are given in Table IV : 

Table IV. — Ion Concentration in the Saturated Solutions of Silver Chloride 


and Barium Sulphate. 

Substance. i8° 25 0 . 50°. too 0 , 

Sil vet chloride 0.0105 .... o . 0363 o . 14& 

Barium sulphate 0.0187 0.0208 0.0281 q , 6 $ 22 \ 

1 This Journal, 31, 1015 (1909), The values of A 0 which were employed artf 

lB °- 25 °. 50°. 100 9 . 

AgCl - 119.8 ... 217 3$5 

BaS 0 4 123 144 220 434 

\ 
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These values of the ion-concentration differ somewhat from those of 
the total concentration of the salt in the saturated solutions. The ex- 
tent of the difference may be determined by estimating the degree of 
ionization in these very dilute saturated solutions by means of the ioniza- 
tion formula (i - — y) = K c' 05 , which corresponds to the conductance 
formula employed by Kohlrausch. The constant K for barium sul- 
phate was assumed to be the same as for calcium and magnesium sulphates, 
and was derived for these salts from the ionization data at 2 millinormal 
given in Table VIII. That for silver chloride was assumed to be the 
same as for silver nitrate, the ionization value for the latter at 2 milli- 
normal given by Noyes and Melcher being employed. By dividing the 
ion concentration given in Table IV by the ionization values so deter- 
mined, the total concentrations fin milli-equivalents per liter) in the 
saturated solutions, given in Table V, were obtained: 


Tabu? V. - Solubility or Silver Chloride and Barium Sulphate. 


Substance. 

1 8°. 

25 °. 

50 °. 

IOO°. 

Silver chloride . 

0.0105 


O.O365 

O.I47 

Baritini sulphate . . 

O.OI90 

0.0212 

0.0288 

O.O334 


These results at 1S 0 may be compared with those previously found 
by Kohlrausch and Bottger. Kolilrausch's 1 values are o 0094 for sil- 
ver chloride and o 0197 for precipitated barium sulphate. It seems 
probable that the lower values are more accurate in each case. B6tt- 
ger’s 2 values for silver chloride at 19.95 0 were 3 per cent, larger than 
Kohlrausch 's. His value 3 for the specific conductance of that salt at 
ioo° is 56.7 X io'°, which is nearly identical with that given in Table 
III. When divided with the same A 0 value as that used by me, it gives 
a solubility of o 0143 milli-equivalents per liter. At the time of his 
measurements the agitation of the bomb was done by hand instead of by 
a mechanical rotating arrangement, which made the securing of satura- 
tion at exactly ioo° more difficult. 

From the solubilities of these salts at 18, 50, and ioo°, the heat ab- 
sorbed by the solution of one formula weight of the salt was calculated 
by solving the two simultaneous equations: 



L, 

2 R 




log. 


323 

291 


log* 





These are the forms obtained by integrating the fundamental thermo- 
dynamic equation 


1 Z. physik. Chem., 64, 148, 152 (1908). 
a Ibid., 46, 602 {1903), 

* rbid., 56, 93 (1906), 
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d l°g 5 = dT 

for the case that L =-* L 0 4 al\ and by substituting the appropriate 
values of T. 

By these calculations the value in calories of L, the heat absorbed by 
the solution of one formula weight of the salt at the absolute tempera- 
ture T was found to be: 

L = 34200 — 60.5 T for silver chloride; 

and L = 30800 — 85.2 T for barium sulphate. 

For T «■ 273 4 18, this expression yields: 

L = 16600 cal. for AgCl; and L ~ 6000 cal. for RaS 0 4 . 

The heat evolved by the precipitation of these salts when produced by 
the metathesis of silver nitrate and hydrochloric acid or of soluble barium 
salts and sodium sulphate was found by Thomsen to be 15800 csjjories 
for silver chloride 1 and to be 4970 calories for barium sulphate. 2 Con- 
sidering the inaccuracy of the very small solubility values at 18 0 , the agree- 
ment is perhaps as close as could have been expected. 

7. Conductance of Calcium Sulphate Solutions of Known Concentration* 

A stock solution of calcium sulphate was made by dissolving some of 
the salt in conductivity water. The concentration was determined by 
precipitating the calcium as oxalate, filtering, and washing the precipi- 
tated calcium oxalate, and then titrating it in hot acid solution with potas- 
sium permanganate solution, which had been .standardized against sodium 
oxalate (“nach Sorensen”) It contained 23.50 railli- equivalents per 
liter. More dilute solutions wetc made by weighing out some of the stock 
solution and making up to a known volume. 

The conductivity data are given in Table VI. The first two columns 
are self-explanatory. The third column gives the concentration at the 
temperature of the measurement expressed in milli-equivalents per liter. 
The fourth column gives the specific conductance of the solution cor- 
rected for all instrumental errors. The fifth column gives the calculated 
equivalent conductance after correcting for the conductance of the water. 

Using as a means of interpolation the formula C(A 0 — A) = K(CA) l 5 t 
the values at round concentrations given in Table VII were obtained. 
The values at zero concentration are the sums of those derived for the 
calcium and sulphate ions by Johnston 8 from measurements with other 
substances. 

1 Ostwald’s Lchrbuch d. allgemeinen Chem., 2 f I, 335. 

1 Thomsen’s ‘Thermochemistry” Ramsay’s Series, p. 118. Mean of the results 
with barium chloride, nitrate, and ckbrate. 

1 Tuts Journal, 31, 1015 (1909) 
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Table VI Conductance of Calcium Sulphate Solutions 


Date. 

U/OX 

Concentra- 
tion at 4 0 . 

Tempera- Concentra- 
tnre t n tion at t°. 

Specific con- Equivalent 

ductancex io<'. conductance. 

Mav 11. . 

i o;o l 2 

18 1 

973 

103.7 

97 8 



50 I 

9 V 

HO -7 

176 7 



JOO T 

894 

568 O 

299 0 



156 1 

799 

M 7 0 

*52 0 

May 5 

3 <LSi 

IS 3 

046 

3 <4 7 

89.7 



5o 3 

904 

6 29 O 

160 s 



lOO 

788 

990 0 

261 O 



I 5'> 3 

598 

1044 0 

289 0 



J» 3 

946 

l 

89 8 

May h 

7 988 

is 7 

978 

U^.o 

80 7 



50 7 

894 

1 J 2 7 0 

142 7 - 



ion 7 

6sS 

1706 0 

2 22 0 

Max : 


I S 2 ' 

V) 

I S„S8 0 

66 2 



50 * i 

- r > 

2040 0 

JI3 5 



loo J 2 

s s 

4800 0 

168 S 

The \ alue of the 

exponent 

n in the expression ( (A 

A) /\ ( t A ) n 

that best corresponds to these results at 

i«S 4 was found 

to be 1 50 It 

is therefore of about the same magnitude 

as in 

the cast 1 

of the uni-uni 

valent and uni-bivalent salt; 

s previously 

studied In the case of the 

values of Hulett, which extend over a 

widei 

range of 

concentration, 

the double curvature* due to 

a change in the 

value of 

the exponent 11 

was dearly evident. 






Table VII — Hot 1 valent Conductance or Calcium 

Sulphate 

at Round Con- 



CENTRATIONS. 




Concentration 

ih°. 

50°. 


ioo°. 

156°. 

0 

1 19 (* 

-*-3 0 


4-5 0 

682 

2 O 

97 7 

1/6 O 


295 0 

541 

4.0 

89.6 

1O0 O 


258 0 

280 

8 0 

So 7 

142 4 


220 v S 


IO. 0 

77 7 

13b 5 


209 O 


20 0 

68. 5 

1 1 8 0 


174 O 



Plotting the data of Hulett 3 in the same way, so as to get the values of 
the equivalent conductance for corresponding concentrations, the fol- 
lowing results were obtained. The two series are seen to be in excellent 
agree m eut : 


Concentration. 

Melcher. 

Hulett. 

2 00 

97 7 

97 4 

4.00 

89 6 

89 6 

8 00 

Ho. 7 

80 7 

10.00 

77 7 

77 7 

20 00 

68 5 

68 . 6 


1 This solut*' 
saturated ti- 

2 <* 


was heated to 218°, but eve 
U began to precipitate pat 

al, 3* » 74 ' * Va ^ 


n this dilute solution was so super* 
before the temi>erattire was reached. 
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From the equivalent conductance values given in Table VII, the ratio 
ioo A/A 0 corresponding to the percentage ionization of the calcium sul- 
phate was calculated. The resulting values are given in Table VIII 
beside those previously obtained 1 for magnesium sulphate. The degree 
of ionization of calcium sulphate is seen to be substantially the same as 
that of magnesium sulphate at 18 0 , but distinctly less at ioo and 156°. 

Table VIII. — Percentage Ionization of Calcium Sulphate. 


Temperature. 

Concentration. 

CaS 0 4 . 

MgSO*. 

18 0 

2 

82 O 

82.6 


10 

65 2 

66.7 


?o 

. 57.5 

59 2 

• 50 °.. • 

2 

79 -o 



10 

61 0 



20 

53 ° 


IOO° 

2 

69.0 . 

71.0 


10 

49.0 

52.0 ' 


20 

41.0 

45*0 

156° 

2 

50 0 

.55 0 


8. The Specific Conductance of Solutions Saturated with Calcium 

Sulphate. 

The data obtained with the saturated solutions of calcium sulphate 
are contained in Table IX. The first column contains the number of the 
experiment, each series of measurements made with a new charging of 
the bomb with fresh water being indicated by a letter attached to the 
preceding number and each st ries where both salt and water were renewed 
being given a separate number. The second column contains the date. 
The third shows the form of solid salt which had been originally intro- 
duced, G representing gypsum and A anhydrite. The fourth column 
contains the (corrected) temperature. The fifth and sixth columns 
show the values of the specific conductance in reciprocal ohms multi- 
plied by 10 6 , those under ‘‘first value” being measured as soon as the 
temperature of the bath had presumably been attained and those under 
“last value” being measured after the interval of time in minutes shown 
in the seventh column. The last column shows the change in specific 
conductance per minute which was still taking place during the last ten 
minutes of that interval; where dots are inserted, the reading was con- 
stant. Whether saturation was approached from a higher or lower 
temperature is indicated by the temperature given in the row next above, 
except that in passing from 218 to 156° the bomb was always cooled 
below the latter temperature before introducing it into the bath, 

1 PM. Carnegie Inst., Washington f^ te - " 
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Table IX. — Conductance Data for Tins Saturated Solutions of Calcium Sul- 
phate. 


Expt. Date. 

No. 1908. 

i Mar. 26 
Mar. 27 


Mar. 30 

2 Mar. 30 

Mar. 31 

3 Apr. 2 


Apr 3 
Apr. 6 
Apr. 7 
4 Apr. 9 1 


4 a Apr. 13 


4 b Apr. 14 


5 May 21 

5 a May 21 


Substance Tempera- 
added. ture. 

G 18 
50 
100 
156 
218 
18 

G 18 

50 

100 

15* 

G 18 

50 

100 

156 

218 

156 

218 

A 100 

156 

218 

156 

100 

I GO 

156 

218 
156 
16 1 2 

156 

100 

95* 

100 

218 

161* 

156 

100 

95 * 

100 

G 50 

18 
50 

* 100 


Specific con- 
ductance X 10* 


First 

Last 

value. 

value. 

1785 

i860 

3200 

3225 

3940 

3880 

1605 

1600 

460 

375 

1820 

1920 

1805 

1865 

3220 

3225 

3890 

3885 

1600 

1580 

i860 

1870 

3-230 

3230 

3925 

3880 

1600 

1590 

463 

290 

1600 

1040 

338 

315 

4210 

4045 

1545 

955 

225 

235 

930 

870 

1950 

2035 

2970 

2690 

1200 

915 

230 

210 

935 

835 


(755) 

810 

830 

iS6o 

197 5 


(2t>55) 

2050 

2030 

232 

202 


(795) 

795 

84O 

1845 

1965 


(2020) 

2015 

1990 

3230 

3225 

1865 

I87O 

3230 

3225 

3880 

3880 


Time 

interval. 

Change 

minute. 

60 


35 


40 


30 


50 

—3 1 

30 

4*3.0 

60 


30 


20 


30 


30 


25 


30 


30 


120 


400 

— O.25 

60 


50 


220 

— O.25 

140 


75 


75 

+ 0.4 

60 

—1.4 

60 

— 1 .0 

60 


40 


30 


30 


30 

— 0.4 

70 


45 


30 


45 

— O. 2 

30 


20 


20 


20 



1 From April 9th to 14th, inclusive, the substance was always in contact with a 
solution whose temperature was above the transition point of gypsum and anhydrite 
a The bomb was rotated in the neighborhood of these temperatures until the con- 
ductance was practically constant. The values of the latter (enclosed within paren- 
thesis) are vyy rough ones. 
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Table IX. -—Conductance Data for the Saturated Solutions of Calcium Sul- 

ph ate — (Continued) . 


Expt. Date. Substance Temper- 

No, 1908. added. ature. 

no 1 

100 

* 35 * 

100 

I5f> 

100 

5o 


May 22 too 

67 1 
100 

50 

May 25 156 

100 
50 

May 26 50 

May 27 218 

May 28 218 

15^ 
100 
50 


Specific con- 
ductance X io® 

First Last 

value. value. 

Time 

interval. 

Change 

minute. 


(3750) 



3870 

3885 

(*5>o) 

20 


3820 

3825 

25 


1625 

1560 

30 


3810 

3825 

15 


5250 

5850 

40 

+ I.I 

4520 

3830 

85 



(3*7 5) 



4135 

3825 

70 


3275 

3185 

30 


1565 

1560 

240 


3825 

3825 

60 

* # 


5660 

OO 

+ 1.1 


3225 

180 



216 

450 


222 

21s 

OO 

!* 

820 

8y> 

(hi 


1740 

1950 

1 10 


2300 

2635 

35 

-f 3 0 


In deriving final values of the conductance and solubility at the differ- 
ent temperatures it is necessary to take into consideration the character 
of the solid phase in contact with the solution, for this may be present 
in different forms under the different conditions. To make clear the 
relations here involved, the results of two of the most complete experi- 
ments (No. 5a and the latter part of No 4 a) are represented graphically 
in Figure i, in which the abscissae denote somewhat arbitrary intervals 
of time. The upper graph shows the behavior of a solution made by 
introducing gypsum as the solid substance. This is the solid phase still 
present in the first measurement at ioo°, and the figure shows that heat- 
ing to 1 io° for a short time does not transform it, since on returning to 
ioo° the conductance has the same value as before. After heating to 
1 35 0 , however, the conductance is seen to return to an appreciably lower 
value at ioo°, and this same value is again obtained after heating to 156°. 
Considering now the lower graph, which represents the behavior of a solu- 
tion made by adding anhydrite to hot water (above 70 °), it will be 
seen that upon coming down from 218 to 156° and l&ter to 100 6 much 
lower values of the conductance are obtained at both temperatures 

v * The bomb was rotated in the neighborhood of these temperatures until the con- 
ductance was practically constant. The values of the latter (enclosed within paten- 
fwiesis) are very rough ones. 
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(whether approached from above or a little below) than in the other 
experiment where gypsum was the added substance. These facts make 



Fig. i. 
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it clear that there are in the different cases three different solid phases 
involved. That corresponding to the highest conductance value at too 0 
is doubtless gypsum, and that corresponding to the lowest conductance 
values at ioo° and at 156° is doubtless ordinary anhydrite. The inter- 
mediate value at 100 0 and the higher one at 156° must correspond to a 
third solid phase. This might be either another hydrate or another 
form of the anhydrous salt. Its solubility relations, namely, the tem- 
perature at which its solubility curve intersects that of gypsum and the 
constancy (at 100 and 156°) of the ratio of its solubility to that of the 
anhydrite, prove, as will be seen below, that it is the latter and that it 
is undoubtedly identical with the “soluble anhydrite” of van’t Hoff. 1 

Table X contains final values of the conductance of the solutions satu- 
rated with these three different forms: 2 

Table X. — Specific Conductance X io* or the Saturated Solutions of Cal- 
cium Sulphate. * 



18 0 . 

50 °. 

100°. 

156°. 

218°. # 

Gypsum. . .... 

. 1867 

3226 

3882 


* 

Soluble anhydrite. . . 


— 

3825 

1560 


Anhydrite 



>963 

834 

* 21 1 


9. The Solubility Values for Calcium Sulphate. 

To determine the corresponding solubility values, the concentrations 
of calcium sulphate, which would give at the various temperatures the 
specific conductances recorded in Table X, were calculated as follows: 
With the data given in Table V for solutions of known concentration 
plots of 1 /A against (CA) 0 ' 5 were made, A representing as usual the equiv- 
alent conductance, C the equivalent concentration, and CA therefore 
the specific conductance X io 8 . From these plots the values of A corre- 
sponding to the values of the specific conductance of the saturated solu- 
tion were taken off, and by dividing the latter by the former values, 
the concentrations of the saturated solutions were obtained. The re- 
sult at 218°, however, is only an estimate obtained by dividing the fairly 
accurate value of the ion concentration in the saturated solution given 
below in Table XIII, by the degree of ionization, this latter being esti- 
mated to be about 30 per cent, through a consideration of the ionization 
values at 218° obtained for magnesium sulphate by Noyes and Meldher. 8 

1 Z . phys. Chetn., 45, 273 (1903). 

* For the solutions saturated with gypsum at the various temperatures these values 
are means of all the “last values.” For the solutions saturated with anhydrite the 
mean of the last four values at 156 and 218° given in the table was taken, and at ioo° 
for both forms of anhydrite the mean of all the constant values was taken. For the 
soluble anhydrite at 156° the mean of the last two measurements was taken. 

• By plotting their values of the ionization y against (C r)°* 5 and extrapolating* it 
is found that r ■* 0.36 for Cy — 0.2 milHnormal; and we have assumed that for cal- 
cium sulphate the value is 15 per cent, less than this, upon the basis of the 

156°. ' • \ * 1 
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This solubility value at 218° is almost certainly correct within 0. 1 milli- 
equivalent. 

Table XI contains the solubility values expressed in milli-equivalents 
per liter: 

Table XI. — Solubility Values for Calcium Sulphate. 


Form. 

18 0 . 

50 °. 

IOO®. 

156°. ai8®. 

Gypsum 

• 29-5 

30.0 

233 

... ... 

Soluble anhydrite 



22.8 

6.4 

Anhydrite 



9*2 

2.7 0.7 

The results obtained by other investigators or interpolated from their 

values are placed beside 

mine in Table XII 



Table XII. — Comparison 

OF THE 

Solubility Values with those Obtained by 


Other Investigators. 



Temper- 

Hulett 

Boyer- Tilden and 

Solid phase 

ature. 

Melcher. 

and Allen. 1 

Guillon. 2 Shenstone. 8 

Gypsum 

18 0 

29-5 

29.6 


« 

50 ° 

30-0 

30. 1 


u 

IOO° 

23 3 

23*8 

24.2 

Anhydrite 

200° 

0.9 



Soluble anhydrite 

200° 



2-3 3*7 


It will be seen that the new values agree almost perfectly with those 
obtained by Hulett and Allen by an entirely different method. They 
also agree well with the results of Boyer-Guillon at ioo and 156°. His 
much higher value at 200° seems clearly to have been due to the fact 
that the solid phase in contact with the solution was still soluble anhy- 
drite. This conclusion is confirmed by the fact that the ratio (2.3 : 0.9 = 
2.5) of the solubility of the two anhydrites at 200° is nearly the same as 
that (2.4) at 156° — a relationship discussed more fully below. His 
results therefore supplement those here presented in an important way 
by showing the solubility of that phase at higher temperatures than those 
at which it was determined in these experiments. The values of Tilden 
and Shenstone are probably too high, owing to errors involved in their 
method. 

It seems desirable to give also the values of the equivalent concentra- 
tions of the ions in the saturated solutions. These are given in Table 
XIII. They were obtained by dividing the measured values of the 
specific conductance given in Table X by the values of -f- A SO| 
(at zero concentration) as computed by Johnston.* 4 

1 Tms Journal, 24, 474 (1902). 

* Ann. Conservatoire Arts et Metiers [3], 2, 209 (1900). 

P Ttans. Roy . Soc. (London), 175 A, 31 (1884). 

4 Tuts Journal, 31, 1015 (1909). The values of Aca + Aso* employed are: 

*8®. 50®, ioo°. 156°. aiS°. 

*t9 4*25 68.2 1060 * 

TbB vatucat 218°, not beinggiven by Johnston, was assumed to be somewhat (2 per 
cent) less fas at 156°) than that previously computed for magnesium sulphate by 
Koines and Mdcher. # 
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Tabus XIII. — Equivalent Concentration op I onized Calcium Sulphate in the 

Sati rated Solutions. 


Form. 

j8°. 

50 °. 

xoo°. 

156°. 

Gypsum . 

15.69 

14 47 

9- 13 


Soluble anhydrite 



9.00 

2.29 

Anhydrite 



4.62 

1 . 22 


0.20 

A comparison of these values with those given in Table XI shows that 
the ionization in the solution saturated at ioo° with gypsum is 39 per 
cent, and that that in the solution saturated at 156° with anhydrite is 
45 per cent. 

10. Discussion of the Solubility Relations of Calcium Sulphate. 

In order to make clearer the solubility relations of calcium sulphate, 
the values given in Table XI are represented graphically in Kig. 2, 
The curve giveu for gypsum has been completed with the aid of the data 
of Hulett and Allen, and that for soluble anhydrite with the aid of those 
of Boyer-Guillon. An additional point at 60 0 upon the anhydrite 6urye 
has been furnished by vaiTt Hoff’s determination 1 of the transition tem- 
perature for gypsum and anhydrite. 

Attention may be called to the following facts shown by a consltiera* 
tion of the diagram and the values of Table XI : 

Anhydrite is the stable form at temperatures above 6o°. Its solubility 
decreases with great rapidity with rising temperature, having at 218° 
a value only one-fortieth as great as that of gypsum at 18 

The solubility curve for soluble anhydrite cuts that for gypsum at a 
point corresponding to a temperature of about 97 °. The transition 
temperature of these two forms was estimated by van’ t Hoff 2 from vapor- 
pressure measurements to be 93 °, thus a few' degrees kwer. The agree- 
ment is, however, as close as could be expected. 

The ratio of the solubility of soluble anhydrite to that of ordinary 
anhydrite is almost the same at 100 and at 156°, namely 2.48 at i*x>° 
and 2.37 at 156°. This fact is significant in showing that the former 
solid substance is, as assumed, another form of anhydrous calcium sul- 
phate and not a hydrate, for it follows from the thermodynamic equa- 
tion d log — « ]flT2 dT, that, when S n /S v the ratio of the solubilities 

of the two forms is constant, the heat of transition Q is zero. While this 
would be highly improbable for the transition of an anhydrous into a 
hydrated salt, it is to be expected that the value of the heat of transition 
of two solid anhydrous substances of the same chemical composition 
would be very small. 

1 See bandolt-Bornstein-Meyerhoffer Tabellen, p. 529. 

2 2 . pkys. Chem., 45, 279 (1903)* Compare, however, the statements of Davis 
(/. Soc. Chem . /«&, 26, 732 {1907)) in regard to this equilibrium. 1 ' 
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11. Summary. 

In this article have been presented the results obtained by measuring 
in a platinum-lined steel bomb provided with a mechanism for rotating 
it within a liquid bath the conductance of solutions saturated separately ^ 
with silver chloride and barium sulphate at 18, 50, and ioo°, and with 
calcium sulphate at these temperatures, and also at 156 and, ? 18 °. The 


Temperature 
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corresponding solubilities were calculated by dividing the values of the 
specific conductance so obtained by the appropriate values of the equiv- 
alent conductance, which last were derived in the case of the first two 
salts from the values for the separate ions at zero concentration, and in 
the case of the calcium sulphate from measurements (also presented above) 
of the conductance of solutions of it of known concentration. The final 
solubility values will be found in Tables V and XI, on pages 55 and 63. 
The heats of solution of silver chloride and barium sulphate were also 
calculated from these data. 

In the case of calcium sulphate, the investigation included the study 
of the solubility relations of the three forms: gypsum, soluble anhydrite, 
and ordinary anhydrite. These relations are represented graphically 
in Fig. 2 on page 65 The transition temperature for the metastable 
system gypsum, soluble anhydrite, solution, was found, from the point 
of intersection of the solubility curves, to be about 97 °. The solubility 
of the ordinary anhydrite was shown to decrease enormously with rising 
temperature, namely from 29 o milli-equivalents per liter at 6o°, where, 
according to van't Hoff, it is in stable equilibrium with gypsum^ to o 7 
milli-equivalents per liter at 218°. 

The ion concentrations in the saturated solutions of calcium sulphate 
have also been calculated and presented in Table XIII, on page 64. 

The ionization relations of calcium sulphate have been compared With 
those for magnesium sulphate previously investigated in this laboratory 
by Noyes and Melcher. At 18 0 the degrees of ionization of the two skits 
are nearly identical; but at 100 and 156° the ionization of the calcium 
salt is a few per cent, less than that of the magnesium salt at correspond- 
ing concentrations. 

This investigation has been carried out under the direction of Professor 
A. A. Noyes with the aid of a grant made to him by the Carnegie Insti- 
tution of Washington. It is desired to express here grateful acknowl- 
edgment of this financial aid, by which this research has been made 
possible. 

Boston, October. 1909. 


THE PREPARATION OF PERCHLORIC ACID FROM SODIUM 

PERCHLORATE . 1 

By Frans C. Mathers. 

Received October if, 1909. 

Most of the methods for the preparation of perchloric add depend 
upon the distillation under reduced pressure of a mixture of a perchlorate 

2 Note. — This investigation was the result of a search for a cheap and convenient 
method for the preparation of perchloric acid, to be used in making perchlorate baths 
for the electroplating and refining of metils as described in the United Stated Patent, 
No* 93 1, $44, issued to the author. * 
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and sulphuric acid or of a crude perchloric acid that has been prepared 
by the decomposition of aqueous chloric acid by heat, by the action of 
sulphuric acid upon barium perchlorate, or by the action of hydrofluo- 
silidc acid upon potassium perchlorate. 

Kreider 1 has described a method which avoids this troublesome distilla- 
tion under reduced pressure, which is easy of manipulation and which 
gives a very pure perchloric acid. His method is based upon the reaction 
expressed by this equation : 

NaC10 4 4- cone. HC1 ( 4 excess cone. HC1) *= NaCl + HC10 4 . 

Solid dry sodium perchlorate is treated with an excess of concentrated 
hydrochloric acid. The mixture is then filtered and the residue of sodium 
chloride which is almost insoluble in the excess of hydrochloric acid 
is washed with concentrated hydrochloric acid. The filtrate is a mixture 
of perchloric acid, hydrochloric acid and small amounts of the sodium 
salts of these acids due to the slight solubility of the sodium chloride in 
the hydrochloric acid solution. By heating this filtrate until white 
fumes of perchloric acid are evolved, the hydrochloric acid is volatilized 
and the perchloric abid remains behind. The boiling points of the hy- 
drochloric acid and the perchloric acid with 2 molecules of water (119 
and 203 0 respectively) are so far apart that a very satisfactory separation 
is obtained. 

The object of this research was to determine the best conditions and 
the proper quantities of reagents to use in order to obtain the best results 
from this process of Kreider, since the original article only gave a quali- 
tative description of the method. 

Twenty grams of sodium perchlorate (weighed to 1 mg.) was placed 
in a 100 cc. beaker and treated with the concentrated hydrochloric 
acid. The contents of the beaker were filtered upon a Gooch crucible 
and the residue of sodium chloride washed with ten 1 cc. portions of 
concentrated hydrochloric acid. The filtrate, which contained the aque- 
ous perchloric acid and the excess of hydrochloric acid together with 
small amounts of the sodium salts of these acids, was evaporated upon 
a hot plate to volatilize the hydrochloric acid. The residue which did 
not volatilize below a temperature of 150° consisted of aqueous per- 
chloric acid whose purity and yield depended upon the conditions of 
the experiment. These samples of perchloric acid were analyzed to 
determine the free perchloric acid, the sodium perchlorate and the hy- 
drochloric acid. The residues of sodium chloride that were obtained 
fey fhe first filtration upon the Gooch crucibles, were analyzed to deter- 
mine the sodium perchlorate. 

Methods of Analysis . — Free acids were determined by titration uring^ 

, vtjfrrider,, 4#*. Sci. [3], 49> 443; Z^anorg, Chem. t 9, 343. Treadwell and Hall, 
r ^uimfCtative Chemistry,” Vol. a, page 47 (1904). 
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methyl orange as indicator. The end point with perchloric acid was 
decisive and satisfactory. Volhard's method was used for the volumetric 
determination of the chlorides. The perchlorates in the free perchloric 
acid were determined by evaporating a measured portion to dryness in 
a platinum dish. The dish was then heated to near redness until the 
perchlorates were decomposed to chlorides. The end of this decomposi- 
tion was easily detected since the perchlorates were easily fusible and 
the chlorides were infusible at this temperature. The total residue which 
consisted essentially of sodium chloride was calculated to sodium per- 
chlorate. ( )f course this method would only correct results with samples 
containing perchloric acid, sodium perchlorate and easily volatile sub- 
stances such as hydrochloric acid. The estimation of perchlorates in 
the presence of chlorides depends upon the determination of the differeftpe 
between the chlorine in a sample that has been treated to deconwM) 
the perchlorates into chlorides and in an untreated sample. Thia$«~ 
composition can be accomplished very easily by the method of Dfttriph 
’and Hollenback. 1 The perchlorate is fused for several hours with sodium 
nitrite. After cooling, the fused mass is dissolved in water and the 
chlorine is determined by the method of Volhard. Porcelain dishes are ’ 
attacked by the fused sodium nitrite so platinum vessels must be used. 
The sodium nitrite that was used in this research contained chlorine so 
a blank was determined and the proper correction was applied to each, 
analysis. This method gave uniformly accurate results and was satis* 
factory in every way. » 

Materials Used . — A commercial preparation of sodium perchlorate 
was used. Its composition was: NaCl, 1.76, 1.86; NaC10 4 , 95.38, 95.77 
per cent. ; NaC10 s , trace. 

Commercial barium perchlorate was used. The material was “caked 1 ’ 
in the bottle and an average sample for analysis was difficult to obtain. 
An analysis showed 53.5 per cent, of C10 4 . The C, P. hydrochloric add 
which was used showed a specific gravity (spindle) of 1. 16 at 24 °. The 
commercial acid which was used in one experiment' had a specific gravity 
of 1.14 at 24 0 , and each cc. contained 0.00097 gram of non-volatile matter. 

Table L*~ Effect of Water 

The sodium perchlorate (20 grams) was dissolved in 7 cc. of water at 105 0 and then 
20 cc. concentrated hydrochloric acid was added. For comparison the results without 
water are included in this table. 


Grama 

HCIO4 in the filtrate 


Total C 1 Q« in filtrate. 

ff sa 

residue. 

water 

added. 

in terms ol NaClO«. 

NaCiO* in 
filtrate. 

In terms of NaClO*. 

cc. 

Grams. 

Per cent. 

Grams. 

Grams, 

Per cent. 

Gram. 

7 0 

is 48 

8l 6 

2.63 

r8.u 

94-7 

0.3 

0.0 

16 97 

88,4 

1.65 

18.62 

97 4 

0.46 


1 Bitirich and Hollenback, Ber t , 38, 751 (1905). 



PREPARATION OF PERCHLORIC ACID. 


6 9 


This data shows that water should not be added. 

Table II.* -Effect of the Quantity of Hydrochloric Acid. 

HClO« In the filtrate Total C10 4 in filtrate. NaCl 0 4 

In terms of NaClO* Nft01O 4 in In terms of NaC10 4 . in NaCl 
— — . filtrate. /■ -* . residue. 


Cc. of HC 1 . 

Grams. 

Pei cent. 

Grams. 

Grams. 

Per cent. 

Grams. 

IO 

IS 65 

71 4 

I ()i 

15 56 

00 

L 

2 72 

15 

15 4 

80 5 

1 61 

17 05 

89 2 

I 46 

20 

16 97 

88 4 

1 65 

18 62 

97 4 

0 46 

25 

18 13 

04 8 

0 84 

r^. 

O 

oc 

99 2 

O 2 

30 

18 35 

96 0 

0 7 9 

19.14 

100 1 

O l8 

50 

18.65 

97 ^ 

0 63 

19.28 

joo 8 

0 34 


This table shows that 25 to 30 cc of hydrochloric acid should be used 
for each 20 grams of sodium perchlorate. 

Table III. -To Kind the Temperature Needed to Expel the Hydrochloric Acid 

from the Filtrate. 

Cl in the filtrate. 

In terms of NaC10 4 . 


Temperature. Grams. 

120° 2 OC>6 

130° O 0(> 

*35° o o 


145 0 White fumes of HC 10 4 . 

The filtrates containing the perchloric and hydrochloric acids were 
heated upon a hot plate. The sides of the beaker should be brought 
to the temperature of the experiment since, otherwise, the drops of the 
liquid which condense upon the upper part of the beaker retain hydro- 
chloric acid. When the temperature of the entire beaker was brought 
to 1 35 0 there was not enough hydrochloric acid remaining to give an 
opalescence with silver nitrate. All of the hydrochloric acid could prob- 
ably have been removed by maintaining the temperature somewhat below 
1 35 0 for a period of time but this experiment was not tried. This table 
shows that all of the hydrochloric acid is volatilized at a temperature of 
1 35 °* 

Table IV.— Loss of Perchloric Acid during the Volatilization of the Hydro- 
chloric Acid. 


Volume of Cc. of substances added. Grams. HC10 4 lost. 


aqueous 
HCIO4 used. 

HfiO. 

HCI (cone.). 

Of UCIO 4 
present. 

Gram. 

Per cent. 

40 

0 


6.97 

O 09 

0.13 

40 

50 


6.97 

O 14 

0.20 

40 

. 

90 

6 97 

0.X9 

0 27 


The solutions were heated upon the hot plate until the temperature 
reached 135 °. Any loss as small as that shown in this table cad bye 
neglected in a method of preparation. 
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Table V.— Amount of Washing Needed to Remove the Perchloric ^cid from 
the Sodium Chloride Residues* 

The residue was first drained by suction. It was then washed with 5 1 cc. -portions 
of concentrated hydrochloric acid, again drained by suction, then washed with a 
second five 1 cc.-portions of acid, etc. Each five 1 cc.-portions were saved separately 
and analyzed. 

HCIO4 washed from the 

Cone. HC1 used in washing residue of NaCl. Grams. 

First <> 1 cc.-portions large amounts. 

Second 5 1 cc.-portions 1.65 

Third 5 1 cc.-portions . . . . . 0.19 

Fourth 5 1 cc.-portions 0.08 

After washing with twenty portions of acid, 0.06 gram of sodium per- 
chlorate still remained in the residue. This table shows that ten 1 cc.- 
portions of concentrated hydrochloric acid is the most economical amount 
to use in washing the residue from 20 grams of sodium perchlorate an<| 
25 cc. of concentrated hydrochloric acid. # 

In one experiment 20 grams of barium perchlorate were treated with* 
60 cc. of hydrochloric acid. The precipitate of barium chloride was 
very bulky and voluminous, entirely filling an ordinary Gooch 'crucible. 
The 60 cc. of hydrochloric acid just made the residue liquid enough so 
that it could be poured upon the filter. The yield of perchloric acid 
was 80.9 per cent, of theory. Washing with ten 1 cc.-portions of hydro- 
chloric acid failed to wash the perchloric acid out of such a bulky residue. 
Another experiment showed that “commerdal” hydrochloric acid did 
not give as good results as the “C. P.” acid. This was no doubt due 
to the lower concentration of the “commercial” acid. The yield of per- 
chloric acid was 88.7 per cent, as compared to 96.0 per cent, for the <4 C. P.” 
acid. Potassium perchlorate cannot be used. 

Summary. 

These experiments were made to determine the best conditions for 
the preparation of perchloric acid by the action of concentrated hydro- 
chloric acid upon sodium perchlorate. 

The sodium chloride is insoluble in the excess of concentrated hydro- 
chloric acid and can be separated from the perchloric and hydrochloric 
acids by filtering upon an asbestos filter and by washing with concentrated 
hydrochloric acid. By heating the filtrate, the hydrochloric add can 
be volatilized away from the perchloric acid. The best conditions are: 
Use tff to 30 cc. of concentrated hydrochloric add for each 20 grams 
of sodium perchlorate. Do not add any water to the substances. Filter 
out the sodium chloride residue and wash with ten 1 cc. portion^ of con- 
centrated hydrochloric add. Heat the filtrate and washing ip 135 0 
td volatilise the hydrochloric add. The yield of perchloric add J8 about 
^S^per’^t/of the theoretical. Only about i per cent. ' 
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perchlorate is lost in the sodium chloride residues. The other 4 per cent, 
is in the perchloric acid as sodium perchlorate. The perchloric add is 
free from chlorides. The process does not work with potassium perchlo- 
rate and is unsatisfactory with barium perchlorate. 

University of Indiana, Bloomington. 


ORGANIZATION OF INDUSTRIAL RESEARCH . 1 

By Willis R. Whitney. 

Received November 6, 1909. 

The intimate connection between the purely scientific research of a 
people and its advance in the art of good living cannot be too frequently 
discussed. The organization of industrial research involves arranging 
and maintaining a body of involute parts as an operative whole of high- 
est efficiency. It is never perfectly accomplished, and the fact that 
improvement can always be made is an incentive for its discussion. 

A recent copy of Life has this to say, which, without straining, 
bears directly upon industrial research : 

“This is the most interesting country in the world. The game here 
is the biggest that is being anywhere played. The problems of humanity 
that are being worked out here are the greatest problems under considera- 
tion, and the prospect of solving them is better than it is anywhere else. 0 

Lord Bacon said: “The real and legitimate goal of the sciences is the 
endowment of human life with new invention and riches.” He, in turn, 
cited King Solomon, who said, “it is the glory of God to conceal a thing, 
but the glory of a king to search it out.” 

Bacon distinguishes three degrees of ambition: 

First, that of men anxious to enlarge their own power in their own coun- 
try. This is “vulgar and degenerate.” 

Second, that of men who strive to enlarge the power and empire of 
their country over mankind. This is “more dignified, but not less covet- 
ous.” 

Third, that of those who strive to enlarge the power and empire of 
mankind in general over the universe. Evidently this is the best, and 
is the real ambition, whether recognized or not by himself, of any good 
experimenter. 

For purposes of systematic analysis, the subject, “Organization of In- 
dustrial Research,” may be divided into two parts: 

Part one, the personal or mental organization, with its requirements, 

etc. 

Part two, the objective or material organization. 

For brevity, these may be called the mind and the matter organiza- 
tions. 

The former, or personal, I will subdivide into such parts as: 

Its training and characteristics. 

Division of its labors. 

Its records, etc. 

The objective or matter organization, I divide into: « 

y ;in address delivered at the Twentieth Anniversary of Clark University, Sept. 
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The fields for material research. 

The laboratory equipment and systems of its material co-operation. 

Naturally, the personal comes first, relatively and chronologically, 
and the mental precedes the material. The personal factor is everything 
in industrial research. vStrangelv enough, it is everywhere and always 
dominant, while every other factor is sometimes recessive. In an organ- 
ization ‘‘A” cannot work well with “B” because one is too slow, too 
fasj, to egotistical, too jealous, too narrow, etc. Nowhere else do the 
personal traits protrude so much as iri concerted research And so 1 
hold that above all, as an industrial experimenter, I should like as broad 
a human training as possible, before any other specific one This proba- 
bly means little more than acquirement of a demonstrated desire to play 
fair, and it may be no more applicable to this field than to others. 

To one always in close touch with research, it .seems as though there 
is an immutable law of nature which may be stated as follows: (It is 
an application of the principle of reversible reactions so as to include the 
reactions of the mind.) 

The equilibrium between mental and material conception is so sensi- 
tive that anything which, to the fair mind, seems possible, is to the trailed 
persistence permissible. If this should be proven not strictly true, it * 
would still be a good working hypothesis for a research organization. 

This theory requires, then, a certain characteristic in the generally 
successful research operator. This is recognized in optimistic activity 
and, to my mind, should be placed first among the requisites It is placed 
above knowledge , because, without it, little that is new will ever be done 
except by accident. With active optimism, even in absence of more 
than average knowledge, useful discoveries are almost sure to be made. 

Speaking from personal analysis and from the observation of others, 

I would say that general-cheinical and physical knowledge may some 
times be as much a detriment as a help to one imbued only with a need 
of solving new problems. A possible explanation is this: We always 
reason deductively. We apply general laws m attempting to answer 
specific questions. To any specific problem of research there are usually 
general laws which may seem to forbid the solution. These laws are 
known and revered. Naturally, the unknown, specific ways by which 
it may be solved are more or less hidden An illustration may not be 
out of place here : 

Cotton may be dissolved in a solution of zinc chloride. The solution 
may be squirted through a die into alcohol in such a way that a smooth, 
coagulated cellulose thread is thereby obtained. This may be heated 
so as to give a solid, compact and pure carbon filament. Many are thus 
made. But as a new problem, ll would certainly appear quite imprac- 
ticable to one who might have a fairly extensive knowledge of the chem- 
istry of the materials. (Generally speaking, zinc chloride solution does 
not dissolve cellulose. Only a strong solution, kept at a high temperature 
for a long time* will give the desired solution. In general, too, it could 
not be squirted and coagulated into a smooth thread. Very specific 
conditions are necessary. Finally, the treatment with gradually rising 
temperature, which alone succeeds in giving the compact carbon fila- 
ment* is a matter of specific detail. The places in this process where 
general reasoning points to failure ate numberless. Years of multiplied 
*ort are necessary to perfect such a process. Once established, it is 
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easily analyzed along the lines of understood reason and theories of re- 
actions maf be based upon the facts. But such processes are not laid 
out greatly in advance of their accomplishment. The successful steps 
are found among the many which are actually attempted, and something 
more than general knowledge is necessary. This something is hopeful 
pertinacity, optimistic activity. To a chemist imbued with fair knowl- 
edge, it was recently apparently useless to attempt such an expeiiment 
as the continual removal of traces of hydrogen from oxygen by passing 
the gas through a red-hot iron pipe. He had seen iron wire burned 
rapidly in oxygen, he tried wrought iron and the iron was oxidized, and 
his knowledge was vindicated, but he also tried cast iron and found that 
it did not burn and that it would operate perfectly. A scramble for an 
explanation evolved the theory that the silicon burning to silica protected 
the iron. K v. font facto theories are permissible. 

As the mental world is constituted, optimists are greatly in the minority, 
when one counts those only who are also imbued with knowledge. There- 
fore, in practice, the optimist must be used to crystallize the efforts of 
others less optimistic. Thus, any large industrial research laboratory 
is soon fu'rjorccs systematized into otganized clusters of people, working 
along distinct and different lines. This permits, in our case, of the 
combined use, to maximum efficiency, of the delicate hands of young 
women, the strength and skill of trained mechanics, the mind of the use- 
ful dreamer, the precision and knowledge of the skilful chemist, and the 
data of the accurate electrical engineer. 

Simple mathematical axioms make clear the fact that a group of opera- 
tors working together on a subject, are related to the same group opera- 
ting separately, as a power is related to a simple sum. This principle 
holds as well among a group of groups and to related subjects. It is evi- 
dent, for example, that knowledge gained. along the line of insulation 
would be of use in a study of conduction, and that the man who had 
studied the reduction of tungstic oxide by carbon in vacuo could help 
the one who is working with a pressure furnace, upon the equilibrium 
between carbon monoxide and carbon dioxide. Therefore, the strength 
of a research department, properly operated, should rise exponentially 
with its numbers. 

To this audience, the importance of highest advance in specific chem- 
ical and physical training will probably be apparent, but an expression 
of it may be of use. The supply of highly trained men is below the de- 
mand. There is a healthy supply of moderately trained men. This 
applies to all general, scientific training. Let me give more concrete 
ideas. There are a hundred chemists who can fill satisfactorily an analyst’s 
position, to one who knows what J. J. Thomson has done or who reads 
Drude*s Annalen. Reading the Annalen is not a “sine qua non,” but it 
is an indicator of no little merit. If a chemist or a physicist is not suffi- 
ciently interested to keep informed, he is probably not going to work at 
high efficiency as an investigator. This does not preclude the possibility 
of splendid research work being done by some one who is confined to a 
very limited field of vision, but such cases are the exception and cannot 
be used as bases for common application. In general, the man with the 
best tools and with the best knowledge and experience in their use, will 
advance most rapidly in industrial research. In my own experience, 
are frequently have a line of work which demands the addition to the 
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force of well trained men. The difficulty which stands out % most mark- 
edly when considering this problem is usually the scarcity of men who 
are highly enough trained along the line of pure research. While in many 
fields of industrial research new and brilliant discoveries will continue 
to be made suddenly and, as it were, out of new doth, still many more 
are being made by the most careful application of highly refined methods 
and knowledge, to processes which already seem at first pretty well worked 
out. This intensive farming is most promising and demands the highest 
skill. It is to-day most difficult to find American trained men who can 
do this work. It is a German attribute which we would do well to make 
our own. 

If the chemist is only a chemist or the physicist confined to pure physics, 
he is liable to overestimation of the laws he learns. He should be some- 
thing of a “mental mixer,” one who has enough history, enough psy- 
chology, and enough faith to read possibility of acquirement for the future 
out of laiowledge of attainments in the past. 

As we have said, one of the most practical detriments to successful 
industrial research is that automatic action of the mind which recognizes 
the possible grounds for a failure quicker than it sees the probable*ways 
to success. Research needs more aviators. Those of us who feel the 
work-horse brand on our work have a call to cultivate a flying spirit, 
and are to be condemned only if we stand still. " % 

In this connection, I am in favor of anything which helps train the 
American student in the path of sanguine research. It can be done by 
research men themselves, but probably not by others. It is not the 
knowledge which the student preparing for research needs, so much as the 
spirit of the investigator. His thoughts should not be fettered by laws, 
but helped by them to fly. This can be done best by those who are opti- 
mistic almost to the extinction of reason. 

A search in the research laboratories of the world to-day would dis- 
close large numbers of J. J. Thomson men, Ostwald men, Nemst men, 
van't Hoff men The teacher probably made the school. The investi- 
gator probably endowed the students, not with facts alone, but with 
spirits. We are not of that hopeless class who assume that the sparks 
of genius are only Heaven-sent, but we are inclined to adopt as an axiom 
that man is flexible, auto-corrigible and mentally elastic beyond limit. 
Therefore the rare genius in research, as elsewhere, is the one most given 
to hopeful effort. 

To dwell for a moment upon points in a system for co-operation of a 
research force, I will describe our own scheme. 

The present corps comprises about eighty people, about thirty of whom 
are college men, mostly chemists. Every man or woman on the 
research staff is expected to give undivided effort to the work. 
Whatever invention results from his work becomes the property of 
the company. I believe that no other way is practicable. An at- 
tempt to reward systematically such labors by a scheme of royalty 
payment is more impracticable than the operation of a manufacturing 
plant upon a graded scheme of profit sharing* In this Case an imme- 
diate and fairly equitable division of profits is sometimes possible. In 
research, the problem itself is an asset of the ojgank&tbm* Both the 
equipment and the risks belong to the organization. The accumulated 
experience of the force as a wfepte is its property. FiagBy, the privilege 
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of directing the work of operators along lines where no direct financial 
benefit (or an immeasurable one) to the company could ever be deter- 
mined, must belong to it. Every operator is expected to keep good 
notes and his books become a part of the laboratory files. In most cases 
weekly typewritten reports are made by each worker, and copies of these 
also become part of accessible library files. For purposes of establish- 
ment of dates, etc., witnesses who read and understand the notes also 
endorse them. Photographs of apparatus, curves, etc., are frequently 
added wherever useful, and each room of the laboratory is photographed 
regularly and the dated photographs are bound in books, to record stand- 
ing conditions. Wherever practicable, single sheets, of standard report 
size, are printed to cover oft-repeating data, so that the experimenter 
regularly fills in certain blanks, as, for example, in experiments on carbon 
motor brushes: the composition of the particular lot, temperature and 
time of drying and firing, hardness, resistivity, tensile strength, and all 
other tests of the product. The use of plotted curves on standard milli- 
meter paper, for use where one property of material is studied as a func- 
tion of some other variable, is very common in our reports. This, occurs, 
for example, in practically all cases where electric furnace work is de- 
scribed, and where the changes undergone by incandescent lamps during 
their life are recorded. 

These conditions are the result of eight years of development. The 
system has been subjected to many changes and may still be greatly im- 
proved. It is possible to have such a complex system of record that 
efficiency is sacrificed. We have reached the present stage because of 
frequent indications of previous weakness in the simpler methods. Very 
few good investigators can keep good notes. The more interested the 
investigator becomes, the more difficult it seems for him to carefully 
record his passing work. His eyes and mind are always upon the ex- 
citing and more interesting advance. It seems not so tempting to actually 
make history by the writing as to metaphorically make it by the concep- 
tion or experiment. 

We now come to the material side of the subject. 

In the early days, the same hands which mined the iron ore and operated 
the bellows, also forged the sword and plowshare and touched the goods 
which were the equivalent in exchange. The records of the development 
through which the distribution of the steps of such processes has gone is 
what we call the history of man. It is not always easy to recognize the 
extent to which this development is progressing in our own time. Sta- 
tistics ought to show us, but these often fail to impress us. It may be 
that if used to a limited extent to armor an argument, a few data will be 
of interest in connection with industrial research. 

The known chemical compounds of the earth are myriads. The still un- 
known, but knowable, are certainly many myriads more, but any consid- 
eration of either great mass is too huge a task. We may, however, con- 
sider for a moment a part of the alphabet from which that language is 
made/ We will consider research as applied to the metallic elements alone. 

There are about 75 elements* About two-thirds are metals. Of these, 
Only a very few can be said to have been the subject of much industrial 
research. It is impossible to accurately measure the extent to which an 
has been studied with a view to its possible use by the race, but 
we have m difficulty in recognizing that iron and copper have J^een much 
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studied, while calcium and silicon have not. In these illustrations we have 
not selected rtire elements. The calcium and silicon, which have been least 
used by man thus far, are more common than copper or iron. A natural 
explanation oi the lack of development of such elements is a lack of need, 
but this is possibly incorrect. Copper, iron, etc., were certainly first obtained 
by accident as distinct from design. The uses to which they could be put 
were later developed by trial. The finding of some uses established the 
further supply, which insured the subsequent discovery of new uses. This 
mirrors the history now being made by new elements such as silicon. 
Only in the past year the commercial production of this element has been 
begun, and about 500 tons were sold for a deoxidizer in steel-making. 
Thus a substance absolutely out of reach of almost every chemist a few 
years ago, can now be obtained as cheaply as zinc. 

Similarly, future needs, which only calcium, for example, can meet, 
are certain to be developed. More calcium will then be made. The cost 
of production will be reduced and the field of its usefulness will again 
and ever afterward continue to broaden. Never in the history of the 
world has the rate of iron production been so great as at present (yearly 
two million tons a month by the U. S. Steel Company alone). Coppenis 
being mined more rapidly than ever before. We have ourselves seen the 
industrial birth and growth of a new metal which points to the great 
possibilities in case of the other unused elements. I refer to* aluminium. 
Only two to three tons were made as late as 1884 while furnaces now 
exist which are capable of yielding three to four times this quantity every 
hour of the day and night. Its present uses could only have been, and 
were, very imperfectly predicted, before actual industrial research made 
tentative use of it. So it must be with other elements. One is not too 
bold who assumes that all the elements which are found in abundance 
will be industrially utilized when they have been economically isolated 
and thoroughly investigated. 

I am considering the metallic elements only in order to point out in a 
concrete manner the need of high-quality research, physical, chemical, 
electrical, etc., in the simplest field. Evidently this field, among com 
pounds of the elements, is again bounded only by the infinite. I am im- 
pressed with the idea that the commonest elements in nature have not 
been studied with anything like the care which has been given to those for 
which the demands are already developed. 

In our age, a single investigator will probably • not isolate, in large 
quantities, the metal tellurium, for example, and also put it to use to 
fill one of his individual needs, as did the warrior who first fashioned an 
iron blade or axe. The men Who develop the myriad uses to which the 
common element titanium will be put, will have to rely upon the previous 
work of many investigators. It is' in this respect that the conditions are 
continually changing, and always in one direction. I call it the direction of 
specific complexity. Our wants are very complex. We are learning to 
demand very specific properties. It is this fact which makes necessary 
the research work of the specialist, the specific or narrow investigation 
of the pure scientist, the pioneer work of the trail-blazer, crude, and, 

hurried trials by the inventor, the long and exacting developments at 
the practical application in the factory, etc. Demands for hew materials 
do act; really precede the discovery of the product, a than the 
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demand for high-speed tool steel preceded the discovery of the prop- 
erties of the chrome- tungsten -iron alloys. With the material dis- 
covered, its properties known, the world apparently could then hardly 
get along without it. This means that necessity is not the mother of 
invention. Knowledge and experiment are its parents. It sometimes 
happens that a successful search is made for unknown material to fill 
well recognized and predetermined requirements. It more often happens 
that the acquirement of knowledge of the previously unknown properties 
of a material suggests its trial for some new use. These facts strongly 
indicate the value of knowledge of properties of materials and indicate 
a way for research. 

Among the recently developed uses for modern metals which were 
certainly not surmised until the metal itself had been made easily available, 
are the use of aluminium and silicon os deoxidizers in steel- making, where 
all the silicon and a large part of the aluminium are now used. This 
discovery of utility bv experiment, rather than the discovery of material 
by jo i cc oj necessity, is again illustrated by the metals titanium and vana 
dium. The former is used in arc lamps because it was found, by experi- 
ment, to give a good light. (Your Worcester streets are lighted by it.) The 
latter has been surprisingly useful in steel- making, where a fraction of 
i per cent, has been found to impart additional strength to the steel. 
In this way, about a thousand tons of vanadium arc now used annually 
in America. 

When the first step is taken from the study of the supply, production 
and utilities of our metallic elements, the next step is apparently along 
the lines of alloys and we readily see how quickly the field widens. The 
recent great advances in scientific foundation for much study are to be 
attributed to the physical chemists, to such men as Tatnman and his 
school. In their work we begin to see the magnitude of the alloy field. 
There are probably over a thousand pairs of metals whose properties as 
alloys are still absolutely unstudied, and for alloys of three or more metals 
the number is legion. 

It seems as though our advance could be quickened by a greater in 
timacy with the newly cheapened elements. When sodium, chlorine, 
bromine, silicon, magnesium, chromium, cobalt, manganese, tungsten, etc., 
etc., are many times as available or cheap as they were only ten years 
ago, it is probable that the possible uses are not up-to-date. 

The field of material research really divides into two parts: the search 
for more economical production bud the search for wider application. These 
two go hand in hand. If the one advances, the other is led along. In * 
this wav, in our laboratory, the knowledge of such elements as carbon, 
as in its forms of graphite in lamp filaments, in motor brushes, in electrodes, 
etc., has been widely and continually advanced. The result is not 
a conclusion that we know all about carbon, but rather that it still pre- 
sents a wonderful field for useful research. 

From the materials worked upon , to the tools is a step. Our experience 
here is concrete and clear, and we want to record our impressions. Good 
tools, new tojols, rare tools, are most valuable. No good tool lives long 
for a single use alone* Many times we have questioned the advisability * 
of installing some new apparatus — a vacuum furnace, a pair of metal rolls, 
Some special galvanometer, some microscope, an hydraulic press, a power 
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hammer, a steam digester, etc., etc. Never, after it became a part of the 
equipment, has it seemed possible to proceed without it. In the single 
case of the electric vacuum furnace, for example, our laboratory has made 
almost continual use of. from three to eight for the past five years. The 
laboratory, piped several years ago with high vacuum and with electro- 
lytic hydrogen, besides steam, air, water and gas, will probably never 
operate without them. 

Similarly, this applies to a library. In general, the most useful and 
fertile of our investigators use the library the most. This is as it should 
be. The recorded research work in a library of a few thousand volumes 
frequently represents the work of millions of work-hours, and there is 
little excuse for not availing oneself of the published experience of others. 
A library containing ten of the leading research journals of the world 
may be said to have in each volume about 100,000 available brain-power- 
hours. So a library corresponds to a charged storage battery of great 
capacity. 

Research Laboratory, General Electric Co., 

Schenectady, N. Y. 


note. 

The Speedy Detection of Potassium in Small Amounts . — The use of sodium 
cobaltini trite as a reagent for the detection of potassium has been known 
for a long time, but very little attention appears to have been given to 
its delicacy. Crookes 1 quotes De Koninek as saying that the precipitate 
is still formed at a dilution of i/iooo KC 1 , but not at 1/2000. The writer 
also obtained by an indirect method the proportion of 1/1600 K 2 0 as the 
point at which precipitation would not occur. 

A careful investigation of this reaction is given by W. C. Bray, 2 who 
finds the sensitiveness to be far greater than the above figures. During 
the course of a study of this reaction for quantitative purposes, the writer 
was fortunate enough to find a means of greatly shortening the time 
required for the test. Bray dissolves a given amount of potassium as 
potassium chloride in 5 cc. of water, adds a little acetic acid and 5 cc. 
of the sodium cobaltinitrite reagent (containing 0.5 g. Co in 100 cc.), 
then allows it to stand until there is a turbidity formed, afterward bringing 
' the precipitate onto a white filter paper where it can be easily seen. The 
writer has found that if to the Solution prepared as described there be 
added an equal volume of strong alcohol the precipitate will be formed 
in a very short time, so short in fact that if enough potassium is present 
to give a test at all it will by this means be thrown down in a few minutes, 
wfceje several hours would be required otherwise. The following table 
shows the comparative times required by the procedure used by Bray 
and that where alcohol is added. 

1 “Select Methods in Chemical Analysis,” 1. •*„ 

1 Tins JousNAii, 3 i» 621, 633 (iQog). 
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Without alcohol. With alcohol. 


M r 

Pts. per 
100,000, 

Turbid in. 

Precipitate 
settles in. 

M l‘: 

Pta. per 
100,000. 

Turbid in. 

Precipitate 
settles in. 





0 . 1 

20 

imxned. 

at once 

0.5 

10 

1-4 min. 

short time 

0.5 

IO 

immed. 

at once 

03 

6 

1-4 min. 

short time 

0.25 

0.2 

5 

immed. 

5 min. 

6 min. 

0.2 

4 

20-30 min. 

2 hrs. 

4 

3 min. 

0. 1 

2 

6-10 hrs. 

not given 

0. 1 

2 

4 min. 

11 min. 





0.05 

0.01 

I 







0.2 



0 

0 






0 

alcohol added 



0 





This shows that the sensitiveness of the reaction is not increased by 
the addition of alcohol, but that any potash that will be detected at all will 
be shown in a few minutes. A qualitative test, however, sensitive to 
2/100,000 is unusual, and is really more accurate than needful in ordinary 
work 

Particular care must be exercised to insure the removal of all ammonium 
salts previous to testing foi potassium, since by the addition of alcohol 
they are thrown down as quickly as the latter, and almost as completely. 
This reagent gives a sensitiveness with ammonium salts of 5/100,000, mak- 
ing it not greatly inferior in point of delicacy to the Nessler reagent. Fol- 
lowing is given a comparison of Bray’s results on ammonium salts and 
mine where alcohol is added. 

Without alcohol. With alcohol. 


Mgs. 

nh 3 . 

Pts per 
100,000. 

Turbid in. 

Mgs. 

NH a . 

Pts. per 
100,000. 

Turbid in 

2 

40 

at once 




1 

20 

10 min. 

I 

20 

immed. 

0.5 

IO 

several hrs. 

0-5 

IO 

immed. 


. . 


O.25 

5 

immed. 




O. I 

2 

none 

. . . 



O.05 

1 

none 

. . * 

. , 


0.01 

0.2 

none 


E. T. Bowser. 

Ohio Agricultural Experiment station, 

Wooster, Ohio. 

CORRECTION. 

My attention has been called to an error in the review of recent work 
in inorganic chemistry, which appeared in the December number of This 
Journal. The statement is made that Keiser found the formula of the 
bicarbonates of calcium and barium to approach “closely the formula 
HaM(C0 8 ) a .” As a matter of fact the bicarbonates analyzed contain con- 
siderably more carbonic acid than would correspond to this formula, being* 
in the case of the calcium salt CaCO t .i. 75 H a CO a , and in the case of 



8o 


ORGANIC AND BIOLOGICAL. 


barium BaC0 3 .i,.5H 2 C0 3 . The work should also have been attributed to 
Keiser and Leavitt, and Keiser and McMaster. Jas. Lewis Howi<:. 


[Contribution from the Wellcome Chemical Research Laboratories, London.] 

CHEMICAL EXAMINATION OF JALAP . 1 

By Frederick B, Power and Harold Roger son. 

Received November 8, 1909. 

Under the title o i Jala pa (Jalap) the various national Pharmacopoeias 
recognize the dried tuberous root of Exogonium purga , Bent ham (Ipomoea 
purga , Hayne). The only constituent of the tuber possessing chemical 
interest is the resin, which is largely used medicinally. This resin {Resina 
Jala pa e of the Pharmacopoeias), like many similar products obtained 
from plants belonging to the family of Convolvulaceae, is of a glucosidic 
nature. It has been the subject of numerous chemical investigations 
during the past century, and the literature relating thereto is therefore 
considerable in extent. A review of the more important of these publi- 
cations has been given by Hoehnel 2 in connection with an investigation 
entitled “Ueber das Convolvulin, das Glycosid der Tubcra Jalapae 
(Jpomoea purga , Hayne).” A quite complete account of this subject 
and of other closely related so-called glucoside resins, together with cita- 
tions of the literature, have also been recorded by van Rijn (“Die Glyko- 
side,” Berlin, 191x3), and by Tschirch (“Die Harze/’ Bd. II, Leipzig, 
1906) . 

It would not be expedient in this place to consider in detail the various 
statements of earlier investigators respecting the composition of jalap 
resin or .the products obtained therefrom, especially as many of these 
statements are not only conflicting, but are evidently based upon incor- 
rect observations and deductions, hi order, however, to indicate the 
unsatisfactory state of present knowledge respecting the chemical charac- 
ters of this resin, a brief exposition of the subject may be given. 

The chief portion of jalap resin, which is insoluble in ether and com- 
monly designated as “convolvulin,” 8 although a c*>mpletely amorphous 
product, has at various times been assigned the following empirical for- 
mulas: C 31 H, 5 0 O 1(l (Mayer); C 21 H a5 O 10 (Kayser); C 24 H 40 O n (Laurent); 

1 Communicated, in abstract, to the International Congress of Applied Chemistry, 
London, June i, 1909. Presented at the meeting of the New York Section of the 
American Chemical Society, October 30, 1909. 

* Arch. Phafm., 234, 647 (1896). 

1 In English pharmacy the portion of jalap resin which is insoluble in ether is still 
frequently designated by the original and more appropriate name of “jalapin.” The 
latter term, however, is now more commonly employed to denote the resin of scam- 
mony and of Mexican Male jalap {Ipomoea orizahensis , Ledanoas), both of which are 
completely soluble in ether. 
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(Taverne); C 6t H 10g O 27 (Kromer); C 54 H w 0 27 (Hoehnel). It has 
been stated by the last-mentioned investigator, 1 whose results 
alone need be somewhat further considered, that “convolvulin,” when 
treated with bases, yields the following products: methylethylacetic 
acid; “purgic acid;” and “ convolvulic acid.” Purgic acid, which has 
been regarded as dibasic, and possessing the formula C 2iV H 46 0 12 , has been 
described as forming a yellowish, extremely hygroscopic, varnish-like 
mass, readily soluble in ether. Convolvulic acid, which is insoluble in 
ether, and was regarded as monobasic, was obtained as a white, amor- 
phous powder, to which the formula C 4r ,II 80 O 28 was assigned. Both of these 
products were found, to be glucosidic , the purgic acid, when heated with 
dilute mineral acids, having yielded a sugar, a product regarded as 
decylenic acid, C 10 H 18 () 2 , and hydtoxylauric acid, C 13 I1 34 0 3 , while con- 
volvulic acid, by the same treatment, yielded a sugar and convolvulinolic 
acid, C 15 H 10 O 3 . In the latter instance it was assumed that the hydrolysis 
might be represented by the following equation: 

^-4f>^80^28 1 ^ t W H j0 O a 

A consideration of the results obtained in the piesent investigation will 
doubtless render it evident that many of the conclusions which have 
previously been recorded respecting the composition of jalap resin and 
various amorphous products obtained therefrom are erroneous. In the 
first place, it would be quite fallacious to assign to the so-called “con- 
volvulin” any empirical formula whatsoever, inasmuch as we have shown 
that by successive extraction with various solvents, such as chloroform, 
ethyl acetate, and alcohol, it may be further resolved into several prod- 
ucts, all of which, moreover, are amorphous and of indefinite composi- 
tion. Similar conditions exist with regard to the character of the amor- 
phous products obtained by the alkaline hydrolysis of the resin, such 
as the so-called “purgic” and “convolvulic” acids, to which empirical 
formulas have likewise been assigned. Both of the last- mentioned 
products are complex mixtures, some of the constituents of which are not 
even glucosidic. We have shown, for example, that the alcohol extract 
of the resin, when hydrolyzed by baryta, yields a product which, like 
the original resin, is capable of being further resolved when successively 
extracted with ether, chloroform, ethyl acetate, and alcohol. The last- 
mentioned alcohol extract, when heated with dilute sulphuric acid, 
affords, moreover, not only sugar and convolvulinolic acid, C 16 H 30 O 3 , as 
indicated by Hoehnel in the case of a less completely purified product, 
but also ipurolic a<*id, C 14 H 2g 0 4 , and several volatile acids, while a 
portion of it apparently remains unchanged. It is thus obvious that the 
“convolvulic acid” of Hoehnel can not be regarded as an individual 

1 Loc. ctt. 
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substance, nor can its degradation be represented in the manner sug- 
gested by him. 

Notwithstanding the numerous investigations of jalap resin, it will be 
apparent from the observations above noted that the statements con- 
cerning its composition and character are not only widely divergent, 
but that in many respects they are based upon quite erroneous assump- 
tions. It has therefore been deemed desirable to subject this resin to a 
more complete examination, and the results of the present research are 
summarized at the end of this paper. 


Experimental. 


The material employed in this investigation consisted of an original 
bale of Jalap tubers of good quality, as indicated by the percentage yield 
of resin when assayed by the methods described below. 

As a preliminary experiment, 50 grams of the finely ground material, 
representing an average sample of 75 kilograms of the drug, were succes- 
sively extracted in a Soxhlet apparatus with various solvents, whereby the 
following amounts of extract, dried at ioo°, were obtained. 


Petroleum (b. p. 40-60°) extracted 
Ether 

Chloroform “ 

Alcohol 

Water 44 


Gram. 


Per cent. 

0. 19 

« 

0.38 

0-34 

- 

0.68 

0.27 

** 

0-54 

5-90 

* 

II.80 

11. 15 

tm 

22.30 


Total, 17.85 - 35-70 

Determination of Total Resin. — I. The first method employed in this 
determination was essentially that of the British Pharmacopoeia. Fifty 
grams of the finely ground material were thoroughly extracted in a 
Soxhlet apparatus with hot alcohol (94 per cent.). To the liquid thus 
obtained 25 cc. of water were added, and the alcohol removed by distilla- 
tion, after which the residue was brought into a dish and heated on a 
water bath in order to remove the last traces of alcohol. The separated 
resin was then thoroughly washed with hot distilled water, and finally 
dried in a water oven until of constant weight. Two concurrent deter- 
minations yielded 4.7 grams of resin, corresponding to 9.4 per cent, of 
total resin in the drug. The proportion of this crude resin which was 
soluble in ether, as determined by its complete extraction in a Soxhlet 
apparatus, corresponded to 11.6 per cent, of its weight. 

II. The second method employed for the determination of the resin 
was that of the United States Pharmacopoeia (eighth revision), which, 
however, as in the preceding method, was modified by conducting the 
extraction of the drug in a Soxhlet apparatus. The amotrats of resin, 
Representing the ether extract and the portion insoluble^ either, were 
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i.O and 9.5 per cent, respectively, the total resin being thus 10.5 per 
cent, of the weight of the drug. 

It will be observed that the results obtained by the two above-men- 
tioned methods of assay differ appreciably, as might be expected, but the 
relative merits of these methods need not be here discussed. 

Extraction of the Jalap with Hot Alcohol and Distillation of the Extract 
with Steam. — For the purpose of a complete examination ctf the drug, 
75 kilograms of the ground material were completely extracted with hot 
alcohol. After the removal of the greater portion of the alcohol, 23.8 
kilograms of a soft extract were obtained. A quantity of this extract was 
brought into a large flask, some water added, and the mixture distilled 
with steam until volatile products ceased to pass over. A distillate was 
thus obtained, which contained some oily drops floating on the surface. 
After this operation there remained in the distilling vessel a dark colored, 
aqueous liquid (A) and a quantity of soft resin (B). The resin was 
repeatedly washed with warm w r ater until the latter remained colorless, 
and the washings added to the aqueous liquid. 

Examination of the Steam Distillate . Separation of an Essential Oil. 

The distillate obtained as above described was extracted with ether, 
the ethereal liquid being dried with anhydrous sodium sulphate and the 
solvent removed. A very small amount (2.4 grams) of an essential 
oil was thus obtained, which, when distilled under diminished pressure, 
passed over between 80 and i6o°/6o mm. This oil, when freshly dis- 
tilled, had a pale yellow color, but became very dark on standing. It 
possessed a disagreeable and persistent smoky odor. A dilute alcoholic 
solution of the oil gave with ferric chloride a deep brownish red color. 
Its density was 0.8868 at 20°/20°, and it was optically inactive. 

Examination of the Aqueous Liquids (A). 

The aqueous liquid remaining in the distillation flask, after the above- 
described treatment with steam, was separated from the resin, and, to- 
gether with the washings from the latter, evaporated to a small volume. 
As the dark colored sirup thus obtained deposited nothing on standing, 
it was diluted with water, and a solution of basic lead acetate added 
until no further precipitate was produced. 

Basic Lead Acetate Precipitate. — This was collected, thoroughly washed 
with water, and then suspended in water and decomposed by hydrogen 
sulphide. After filtration, v the liquid was concentrated, and shaken with 
several successive portions of ether. The combined ethereal liquids were 
repeatedly extracted with a solution of sodium carbonate, and subse- 
quently with a ro per cent, solution of sodium hydroxide. The first 
sodium carbonate extracts were dark in color and showed a blue fluores- 
cence. They were acidified and extracted with ether, but the ethereal 
liquid, on evaporation, yielded only a small amount of an unqpystallizable 
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sirup, which, however, developed with ammonia a blue fluorescence, and 
gave with ferric chloride a dark green coloration. This fluorescence was 
evidently due to the presence of a little /J-methylaesculetin, a substance 
which was subsequently isolated in small amount from the chloroform 
extract of the resin. The extract obtained by means of sodium hydroxide 
had a dark red color. It was acidified and extracted with ether, but 
yielded nothing definite. 

Filtrate from the Basic Lead Acetate Precipitate , — This was treated with 
hydrogen sulphide for the removal of the lead, the mixture filtered, and 
the filtrate concentrated under diminished pressure. It was then re- 
peatedly shaken with ether, and the combined ethereal liquids extracted 
with several successive portions of aqueous sodium carbonate. The 
first sodium carbonate extracts had a red color and showed a blue fluores- 
cence. When acidified, and again extracted with ether, a small amount 
of a sirup was obtained, which deposited a trace of a crystalline sub- 
stance, but not sufficient to permit of its identification. The # sirnpy 
product developed with ammonia a blue fluorescence, and gave with 
ferric chloride a violet coloration. The ethereal liquid, after extraction 
with sodium carbonate, was shaken with a to per cent, solution orsodium 
hydroxide, when a dark red, aqueous liquid was obtained. This, how- 
ever, when acidified and again extracted with ether, yielded nothing 
definite. The ethereal liquid, which had been completely extracted 
with the above-mentioned alkalis, was finally dried with calcium chloride 
and the solvent removed, but only a small amount of a dark red sirup 
was obtained. 

The aqueous liquid which had been extracted with ether, as above 
described, contained a quantity of sugar, .since it readily reduced Fehling’s 
solution and yielded d-phenylglucosazone, which, after recrystallization 
from dilute pyridine, melted at 217-218°. For the further examination 
of the aqueous liquid it was concentrated to the consistency of a sirup, 
which, after dilution with alcohol, was mixed with purified sawdust, 
and the thoroughly dried mixture then successively extracted in a Soxhlet 
apparatus with chloroform, ethyl acetate, and alcohol. The first two 
solvents removed but a relatively small amount of material, the larger 
proportion being subsequently extracted by the alcohol. These extracts 
were all of a sirupy nature, and, although exhaustively examined, noth- 
ing crystalline could be separated from them. They were observed to 
contain, besides sugar, traces of the fluorescent principle previously 
referred to, which was evidently / 3 -methylaesculetin. 

Examination of the Resin ( B ). 

This product, which had been obtained from the alcoholic extract 
of the <kqg as previously described, corresponds to the Repin of Jalap of 
the visuious national Pharmacopoeias. 
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Optical Rotation of the Crude Resin . 

It has been indicated by P. Guigues 1 that the specific optical rotatory 
power of certain eonvolvulaceous resins is a factor which may be utilized 
for discriminating between them, and for the detection of substitutes 
and adulterants. This factor was therefore determined for the resin 
emfA Dyed in the present investigation with the following result. A 
quantity of the crude resin was dissolved in 50 cc. of alcohol, and the 
solution boiled with successive, small portions of animal charcoal until it 
became practically colorless. The rotation of this liquid in a 1 dcm. tube 
was — 2 0 o', and the amount of substance contained in 10 cc. of the 
liquid, after drying at 105-110°, was 0.5400, hence [a] D — 37.0° This 
result is in fairly close agreement with the figures recorded by Guigues 
and by Cowie 2 for a decolorized jalap resin, which are [«] D — 36.0 and 
— 37-3° respectively. 

Preliminary Extraction of the Crude Resin with Different Solvents. 

In order to ascertain the general character of the crude resin, a weighed 
amount (about 5 grams) was dissolved in alcohol, mixed with purified 
sawdust, and the thoroughly dried mixture extracted successively in a 
Soxhlet apparatus with various solvents The percentages of extract, 
dried at uo°, were as follows: 


I. 

Petroleum (b. p 

40 6o°) extracted 

1 

9 

11 . 

Ether 

“ 

9 

7 

Ill 

Chloroform 


2 4 

1 

IV. 

Ethyl acetate 

“ 

22 

0 

V 

Alcohol 

“ 

3 * 




Loss, 

3 

5 




100 

.0 


Por the purpose of a complete examination of the constituents of the 
resin, a large quantity of the crude material was employed. This was 
dissolved in alcohol, mixed with purified saw r dust, and the thoroughly 
dried mixture extracted first with ethyl acetate, and subsequently with 
alcobol. The alcohol extract was then again extracted with ethyl acetate 
in a similar manner, after which the undissolved material was removed 
by means of alcohol, this portion being designated as the “alcohol ex- 
tract of the resin.” The entire amount of material removed by ethyl 
abetate was then mixed with a large quantity of purified sawdust, and 
t he mixture thoroughly dried, after which it was submitted to prolonged 
successive extractions with petroleum (b. p. 40-60°), ether, chloroform, 

* J . pharm. chim. [6], 22 , 241, and Chem. ZerUr ,, 1907, I, p. 309; Bull. soc. clnm . 

3» 872 (1908). Compare also Power and Rogerson, Am. J. Pharm., So, 231 
and Cowife, Pharm. J „ 8a, 89 (1909V 
Art 4 2 lM. tit 
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and ethyl acetate. The extracts obtained by these various solvents, 
together with the above-mentioned alcohol extract, were then separately 
investigated. 

I. Petroleum Extract of the Resin . 

This extract, after the removal of the solvent, was a very dark colored 
soft solid. The amount employed for the investigation of its die 
constituents was about 60 grams, but for the examination of the non- 
saponifiable constituents an additional 60 grams was used. 

The extract was dissolved in a large volume of ether, and the H ethereal 
liquid extracted with two successive portions of aqueous sodium carbonate. 
These alkaline liquids, which possessed a deep red color, were separately 
acidified, again extracted with ether, and the solvent removed. The 
product from the first extraction (a) amounted to about 12 grams, and 
that from the second extraction ( b ) to 3 grams. When distilled under 
diminished pressure, they both passed over for the most part Jtetween 
220 and 240°/25 mm., and solidified on cooling to a white, crystalline 
mass. They were then recrystallized from ethyl acetate, and finally 
from glacial acetic acid, when the product (a) melted at 58-60°^ and the 
product (b) at 60-62°. These products consisted of saturated acids, 
and they were analyzed with the following results: 

(а) o. 1804 gave 0.4974 C0 2 and 0.2008 H a O. C — 75.2; H — 12.4 

(б) o. 1454 gave 0.4024 CO„ and o. 1620 H 2 0 . C 75.5; H * 12.4 

CiflH 32 0 2 requires C — 75.0; H — 12. 5 per cent 

C lg H a6 0 2 requires C *= 76 . 1 ; H — 12 . 7 per cent. 

It would thus appear that the above-mentioned products consisted 
chiefly of a mixture of palmitic and stearic adds, the former predomina- 
ting. 

The ethereal liquid which had been extracted with sodium carbonate, 
as above described, was subsequently shaken with a 10 per cent, solution 
of sodium hydroxide. This alkaline liquid had a deep red color. It 
was acidified and extracted with ether, when, after removing the solvent, 
a small amount of a sirupy product was obtained. The latter deposited 
a little of a substance in the form of rosettes of needles, which melted 
at 205-206°, but the amount was too small for further examination. 

The ethereal liquid, after extraction with sodium carbonate and hy- 
droxide, was washed with water, dried, and the solvent removed. The 
residual product, which amounted to 35 grams, was hydrolyzed by heating 
in a reflux apparatus for several hours with an alcoholic solution of potas- 
sium hydroxide. The alcohol was then removed, water added, and the 
mixture shaken with ether. As an inseparable emulsion was thus formed, 
the mixture was made slightly acid, then, completely extracted with 
e their, and the ethereal liquid shaken with a solution of sodium,^ 
Thi&ajkalme liquid was acidified, and distilled with steam* Whmi a 
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tillate was obtained which contained a few oily drops floating on the 
surface. The distillate was extracted with ether, the ethereal liquid being 
dried and the solvent removed, when a small amount of an oily acid was 
obtained. This was converted into a silver salt, and the latter analyzed. 

o.xa8o of salt gave on ignition 0.0560 Ag. Ag =» 43.7. 

CgH tt 0 2 Ag requires Ag « 43.0 per cent. 

Although the figures thus obtained are in fairly close, agreement with 
those required for the silver salt of an octoic acid, it is possible that the 
oily acid was a mixture. 

The distillate, after extraction with ether, was found to contain small 
amounts of formic and butyric acids. 

After the removal of the volatile acids by distillation, as above de- 
scribed, the contents of the distillation flask were extracted with ether, 
the ethereal liquid being washed, dried, and the solvent removed. A 
small amount (about 2 grams) of an oily product was thus obtained, 
which became partially solid. By converting this product into a lead 
salt, and treating the latter with ether, an approximate separation of the 
acids was effected. The portion of lead salt which w r as soluble in ether 
yielded, after treatment with sulphuric acid, 0.6 gram of a dark orange- 
colored oil. This was unsaturated, and a determination of its iodine 
value gave the following result: 

0.5328 absorbed 0.7601 iodine. Iodine value ** 142.6. 

Ci.H^O* with one ethylenic linking, requires I — 90.0 per cent. 

with two ethylenic linkings, requires I ** 181.4 per cent. 

The oily acid therefore appears t© have consisted largely of linolic 
acid. 

The portion of lead salt which was insoluble in ether yielded 1.2 grams 
of solid acid, which distilled at 220-230°/ 15 mm., and, after recrystalliza- 
tion from glacial acetic acid and ethyl acetate, melted at 62°. This 
evidently consisted of palmitic acid. 

Unsaponifiable Constituents of the Petroleum Extract. 

Isolation of a Phytosterol , C 27 H ifl O t and Cetyl Alcohol . 

As noted above, the portion of the petroleum extract which was in- 
soluble in a solution of sodium carbonate and sodium hydroxide was 
hydrolyzed, the product acidified, extracted with ether, and the ethereal 
liquid shaken with a solution of sodium carbonate. After this treat- 
ment the ethereal liquid was washed, dried, and the solvent removed, 
when sin oily product was obtained which solidified on cooling. This 
was ‘dissolved in alcohol, and the solution concentrated, when, after 
standfcg for some time, a quantity of a substance was deposited in the 
fortnef large, colorless plates. After recrystallization from a mixture 
acetate and dilute alcohol, it separated in flattened needles, 
w^ mdted at 134-135°, 
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0.1148 of the air-dried substance, when heated at 1 io°, lost 00054 H t O. 

H 2 0 - 4 7. 

0.1094 of anhydrous substance gave 0.5560 CC) 2 and 0.11S0 HjO. 

C - 83.8; H - 120. 

C 27 H 4tt O, H,( ) requires H a <> = 4.5 per cent 

C„H *0 requires C -» S3 9; H — 11.0 per cent. 

‘The substance thus agrees in composition with a phytosterol, and it 
gave the color reactions yielded by this class of substances. - 

The optical rotatory power of the phytosterol was determined with 
the following result: 

o 1349 of anhydrous substance, dissolved in 25 cc. of chloroform, gave in a 2 deni, 
tube a D — o°2i\ whence [«] D * 32. 4 0 . 

A small amount of the phytosterol was converted into its acetate, 
which separated from its solution in acetic anhydride in leaflets, melting 
at 1 19-120°. 

The mother liquor from the phytosterol was evaporated, *and the 
residue distilled tinder 15 mm. pressure, when the following fractions 
were eventually obtained: (I) Below 180°; (II) 180-190°; (III) 190- 
200°; (IV) 200-225°; (V) 225-250°; (VI) 250-300°; (VJU) 300^-320°/ 15 
mm. The first four of these fractions contained a crystalline solid. This 
was collected and recrystallized several times, first from light petroleum 
and then from ethyl acetate. It was thus obtained in small leaflets, 
melting at 50-51°, and was analyzed. 

o 1114 gave 0.3230 C() 2 and 0.1434 H a O. C 79.1; H «= 14.3. 

Ci 0 H ; , 4 O requires C ** 79 3; H — 14. 1 per cent. 

This substance was thus identified as cetyl alcohol. 

The above-mentioned fractions (V) and (VI) were of an oily nature, 
and yielded nothing definite, whereas fraction (VII), on standing for a 
long time, deposited a small amount of a crystalline substance. This 
was separated, and recrystallized from et|iyl acetate, when it formed 
glistening leaflets, melting at 56-57°. It yielded color reactions similar 
to those given by the phytosterols. After further crystallization from 
ethyl acetate, and finally from absolute alcohol, its melting point and 
properties remained unchanged. The substance was then analyzed. 

00986 gave 0.2906 C() 2 and 0.1230 H a 0 . C » 80,4; H =* 13.9. 

C» 8 H w C) requires C ** 80.6 ;H 13.4 per cent. 

The composition of this substance is thus seen to agree with the formula 
C tg H 3(t O, and, as it differs in its properties from any substance of this 
formula which has hitherto been described, it would appear to be a new 
compound. The amount of substance, however, was too small to admit 
of this conclusion being confirmed. 

The liquid portion of fraction (VII), from which the above-ascribed 
solid had been separated, was stirred with slightly dilutedafcohol, wben 
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it deposited a further quantity of phytosterol, identical with that pre- 
viously obtained. 

II. Ether Extract of the Resin . 

This extract, after the removal of the solvent, was a very dark colored, 
soft solid. The amount employed for its investigation was about 200 
grams. 

Isolation of a New , Dihydric Alcohol , Ipurganol , C n HMOH)v 

During the process of extracting the resin with ether it was observed 
that a small amount of a solid substance was deposited from the ethereal 
liquid. This was collected, and purified by extracting it in a small 
Soxhlet apparatus with absolute alcohol, when it was obtained perfectly 
white. It was subsequently crystalled from dilute pyridine, when it 
separated in clusters of very small needles, melting at 222-225 °. The 
amount of this substance obtained from 200 grams of the ether extract 
was about 4.5 grams. On analysis it gave the following result: 

0.1047 gave 0.2752 CO a and 0.0946 H, 0 . C 71.7; H »* 10.0. 

C„H m 0 4 requires C ** 72.0; H ** 9.7 per cent. 

This substance would thus appear to possess the formula and, 

so far as known to us, no substance of this formula has hitherto been 
described. It is therefore to be regarded as a new compound, and, with 
reference to the source from which it has been obtained and its alcoholic 
nature, it is proposed to designate it ipurganol. 

The optical rotatory power of ipurganol was determined with the 
following result: 

0.1760 of substance, dissolved in 25 cc. of pyridine, gave in a 2 dctn. tube. 

oto— 0.6 333 0 , whence [a] D — 44.9 0 . 

A portion of ipurganol was heated with acetic anhydride for about 
2 hours, when, on cooling, a crystalline product was obtained. This was 
recrystallized from ethyl acetate, from which it separated in fine, colorless 
needles, melting at 166-167 °. 

0.0898 gave 0.2268 CO* and 0.0714 H,0. C « 68.9; H » 8.8. 

C w H 8| 04(CH i .C0) 1 requires C ** 69.1 ; H « 8.7 per cent. 

This substance is thus seen to be diacetylipurganol , and affords evidence 
of the presence in ipurganol of two hydroxyl groups. 

The optical rotatory power of diacetylipurganol was determined with 
the following result: 

0,3132 of substance, dissolved in 25 cc. of pyridine, gave in a 2 dcm, tube a D — 0.902 °, 
whence [ «]» — 36.0°. 

An attempt to prepare a methyl derivative pf ipurganol was not success- 
ful. 

ipurganol yields color reactions which are similar to those given by the < 
phytosterols. Thus, if the substance be dissolved in chloroform with a 
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little acetic anhydride; and a drop of concentrated sulphuric add subse- 
quently added, a purplish pink coloration is first produced, which changes 
to blue, then to bright green, and finally becomes brown. 

If concentrated sulphuric acid be added to ipurganol, the latter is 
colored deep reddish brown, while the acid soon acquires a yellow color 
with a green fluorescence. 

In connection with the above description of ipurganol, it may be noted 
that it appears to be closely related to two substances of alcoholic nature 
which have quite recently been isolated in these laboratories. -One of 
these was obtained from the resin of Grindelia caniporutn, Greene, 1 and 
agrees in composition with the formula It melts at 256-257°, 

and yields an acetyl derivative melting at 161 0 . This compound, which 
was not previously named, may noiy ^conveniently be designated as 
grindeloL The other substance was obtained from the resin of water- 
melon seeds, and has been designated cucurbitol. It possesses the formula 
C m H 4 o 0 4 , melts at 260°, and yields an acetyl derivative melting *t 150°. 
The three substances show slight differences in their color reactions When 
subjected to the above-mentioned test in chloroform solution with acetic 
anhydride and concentrated sulphuric add. Thus grindetol and 
cucurbitol give at first a blue color, changing to dull green, and finally 
becoming brown, the intermediate greenish tint being less pronounced 
in the case of the last-mentioned substance. In view of the composition 
and character of these three new compounds, it is evident that they are 
members of a homologous series, which is represented by the general 
formula C rt H^ 8 0 4 . 

Treatment of the Ether Extract with Alkalis . 

I. Extraction with Ammonium and Sodium Carbonates . — The ethereal 
solution of the ether extract, from which the ipurganol had been re- 
moved, as above described, was successively extracted with solutions of 
ammonium carbonate and sodium carbonate. This treatment, how- 
ever, removed only small amounts of black resin. The ethereal liquid 
was then shaken with several successive portions of water, which re- 
moved a quantity of the sodium compound of a resin. These aqueous 
liquids were united and acidified, when the resin was precipitated, after 
which it was extracted with ether, the ethereal liquid being dried and the 
solvent removed. The large quantity (70 grams) of resinous material 
thus obtained was dissolved in alcohol, treated with animal charcoal, 
and the filtered liquid concentrated and allowed to stand for some time. 
As nothing could be separated by this means, the small amount of resin 
which bad previously been extracted by sodium carbonate and treated' 
in the same manner as the last-mentioned product was added to the 
alcoholic solution of the latter, together with such an amount of sulphuric 
1 Prac, Ai*. Pkatm. Assoc., $5, 342 (1907). ' : ^ \ V\ **■<][ 
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add is to represent about 5 per cent, of the mixture. The whole was 
then heated in a reflux apparatus for about 6 hours, after which water 
was added and the alcohol removed. The aqueous, acid liquid, from 
which a quantity of a soft resin had separated, was subsequently dis- 
tilled with steam until volatile products ceased to pass over. The dis- 
tillate, which contained some yellow, oily drops, was extracted with 
ether, and the ethereal liquid shaken with a solution of sodium carbonate. 
This alkaline, aqueous liquid was acidified, extracted with ether, and the 
solvent removed, when a small amount (0.4 gram) of an oily acid was 
obtained. The latter was converted into an ammonium salt, from which 
by precipitation with silver nitrate two fractions of a silver salt were 
prepared, and these were analyzed. 

I. 0.2138 of salt gave on ignition 0.0734 Ag. Ag -» 34.3 

II. 0.1060 of salt gave on ignition 0.0410 Ag. Ag — 38.7 

CjaH^OjAg requires Ag — 35.2 per cent. ; C 10 H l8 O, Ag requires Ag — 38.7 per cent. 

The ethereal liquid which had been shaken with sodium carbonate 
was dried, and the solvent removed, when a small quantity (1.5 grams) 
of a neutral, oily liquid was obtained. This was distilled under dimin- 
ishad pressure, when it passed over between 90 and i6o°/i5 mm. It 
gave no coloration with ferric chloride, but responded to the test for 
furfural. 

The above-mentioned distillate, after extraction with ether, was found 
to contain small amounts of formic and butyric acids. 

After the removal of the volatile products of hydrolysis by distillation 
with steam, as above described, there remained in the distillation flask 
a reddish-colored, aqueous liquid, and a soft, resinous mass which floated 
on the surface. The whole was shaken with ether, when the resinous 
material became completely dissolved. On subsequently extracting 
the ethereal liquid with sodium carbonate, about 3 grams of amorphous, 
dark colored resin were removed. The ethereal liquid was then dried, 
and the solvent evaporated, when 2 grams of a dark reddish-colored 
oil were obtained, which distilled between 210 and 250° under 15 mm. 
pressure. This oil separated no solid on standing. It gave a greenish 
yellow color with ferric chloride, and absorbed bromine in chloroform 
solution, but no definite product could be obtained from it. 

The aqueous liquid which remained in the distillation flask after the 
removal of the volatile products of hydrolysis, and from which the soft, 
resinous mass had been separated, was treated with baryta for the re- 
moval of the sulphuric add, and filtered* It then reduced Fehling's 
solution, but an attempt to prepare an osazone from it was not success- 

M;,v_ . . , 

It* Extraction with Sodium Hydroxide . — After the treatment of the 
iblntion of the ether extract with ammonium and sodium car- 
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bonates it was shaken with two successive portions of a 10 per cent, 
solution of sodium hydroxide, and finally washed with water. The 
liquids thus obtained, which were dark in color, were acidified and ex- 
tracted with ether, when it was observed that a small amount of a solid 
substance was deposited. This was found to consist of ipurganol, for, 
when treated with acetic anhydride, it yielded diacetylipurganol, melt- 
ing at 166-167 °. On subsequently evaporating the ethereal liquid a 
quantity (50 grams) of dark colored, resinous material was obtained, 
which possessed a somewhat disagreeable odor. As nothing could be 
separated from this resin, it was dissolved in alcohol, and a little water 
added, together with such an amount of sulphuric add as to represent 
about 5 per cent, of its weight. The mixture was then heated in a reflux 
apparatus for 4 hours, after which water was added, the alcohol evap- 
orated, and steam passed through the mixture until all the volatile prod- 
ucts had been removed. The distillate, which contained some qjly drops 
floating on the surface, was extracted with ether, and the ethereal liquid 
shaken with a solution of sodium carbonate. This alkaline, aqueous 
liquid was addified, extracted with ether, and the solvent removed, 
when a small quantity of an oily add was obtained. The latter was 
converted into an ammonium salt, from which a silver salt was prepared 
and analyzed. 

0.2954 of salt gave on ignition 0.1026 Ag. Ag — 34.7 

0.0658 of salt gave on ignition 0.0224 Ag. Ag ■» 34.0 

CJH a O, Ag requires Ag — 35.2 per cent. 

The ethereal liquid which had been shaken with sodium carbonate 
was dried, and the solvent removed, when a small quantity (about 3.5 
grams) of a neutral yellowish oil was obtained. This was distilled under 
diminished pressure, when it passed over between 90 and 180*720 mm., 
and was evidently a complex mixture. 

The above-mentioned distillate, after extraction with ether, was found 
to contain small amounts of Tormic and butyric acids. 

After the removal of the volatile products of hydrolysis, as above 
described, there remained in the distillation flask an aqueous, add liquid* 
together with a cake of Solid substance. The whole was shaken, with 
ether, when the solid substance became completely dissolved. The 
ethereal liquid was extracted with sodium carbonate, which removed a 
quantity of soft, resinous material, after which it was dried, and the 
solvent removed. A quantity of a light colored oil was thus obtained, 
which solidified on cooling, and when distilled under diminished pressure 
passed over for the most part between 200 and 210° J 25 nun. In order 
to ascertain its character, it was heated for a short time with an alcoholic 
solution of potassium hydroxide, and the liquid poured into- water, when 
about 2 grams of a solid substance separated. This uwa extracted .with 
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ether, the ethereal liquid being dried and the solvent removed, when a 
residue was obtained which, after several crystallizations from light 
pettt&eum, melted at 49-50°. 

0*1592 gave 0.4614 C 0 8 and 0.2024 H, 0 . C «* 79.0; H «■ 14. 1. 

C ie H w O requires C «■ 79. H 14. 1 per cent. 

This substance was thus identified as cetyl alcohol, which had also been 
obtained from the petroleum extract of the resin. 

The aqueous liquid which remained in the distillation flask after the 
removal of the volatile products of hydrolysis, and which had been ex- 
tracted with ether, was subsequently treated with baryta for the removal 
of the sulphuric acid. The filtered liquid, when concentrated, yielded 
a very small amount of a sirup, but this did not reduce Fehling’s solu- 
tion, and therefore contained no sugar. 

The ethereal solution of the original ether extract, after being treated 
with alkalis, as above described, was dried, and the solvent removed. 
About 10 grams of a light-colored, viscid product w r ere thus obtained, 
from which a very small amount of a phytosterol w r as separated. 

III. Chloroform Extract of the Resin . 

This extract, after the removal of the solvent, was a hard, dark red- 
dish brown mass, which could be reduced to a light brown powder. The 
amount employed for its investigation was about 350 grams. 

Treatment with Sodium Carbonate. 

Isolation 0} ft-Methylafsculetin, C\H b (CH 3 )O v 

As the solution of the extract in chloroform deposited nothing on 
standing, it was shaken with a solution of sodium carbonate, when a large 
quantity of a thick, dark brown, tarry product was formed, consisting 
of the sodium compound of an acidic resin. The chloroform liquid had 
then become nearly deprived of color, and was found to contain only a 
small amount of resinous material, while the aqueous, alkaline liquid 
was dark in color and showed a marked blue fluorescence. 

The above-mentioned, tarry product was washed several times with a 
solution of sodium carbonate. These washmgs, together with the sodium 
carbonate extract first obtained, were acidified, when a small quantity of 
an amorphous, brown solid separated, which was removed by filtration. 
Thte acid filtrate was extracted with ether, the ethereal liquid being 
dried, and the solvent removed, when a small quantity of a sirup was 
obtained which, after long standing, deposited a crystalline substance. 
Tlis'was collected, and* recrystallized from ethyl acetate, from which 
it separated in nearly colorless needles, melting at 200-202 °. The solu- 
tion of this substance, on the addition of a little ammonia, displayed a 
fine blue fluorescence. As the amount was too small for analysis, it was 
footed with acetic anhydride, when it yielded an acetyl derivative melting 
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at 176°. This melting point remained unchanged when the acetyfated 
substance was mixed with acetyl-/?-methylaesculetin prepared froxjjl the 
respective compound isolated from the bark of Primus seroiina .* v The 
identity of the above-described, crystalline substance (m. p. 200-202°) 
with /?-methylaesculetin was therefore definitely established. 

Treatment of the Sodium Compound of the Resin with Dilute Alcoholic 

Sulphuric Acid , 

The large quantity of thick, dark brown, tarry product above referred 
to was dissolved in alcohol, a slight excess of sulphuric acid added, Itid 
the mixture poured into water. The liberated resin was then taken up 
with chloroform, and the solvent removed, after which it was dissolved 
in alcohol. To this solution some water was added, and such an amount 
of sulphuric acid that the latter represented about 5 per cent, qf the 
weight of the mixture. This was subsequently boiled in a reflu# ap- 
paratus for about 12 hours, after which water was added, the ^eohol 
removed, and the mixture distilled with steam until volatile products 
ceased to pass over. The distillate, which contained some oil floating 
on the surface, was completely extracted with ether, and the ethereal 
liquid shaken with a solution of sodium carbonate, after which it was 
dried and the solvent removed. A neutral, oily product was thug ob- 
tained, but it was found to be a mixtuie, and the amount was too small 
for its further examination. 

The above-mentioned sodium carbonate extract of the volatile product 
was acidified and extracted with ether, the ethereal liquid being dried 
and the solvent removed, when 1.5 grams of an oily acid were obtained. 
This distilled for the most part between 174 and 178° under the ordinary 
pressure, and was analyzed. 

0.1258 gave 0.2702 CO, and o 1128 H a O. C « 58 6; H *• 10.0. t 

C 5 H 10 O 2 requires C « 58.8, H » 9.8 per cent. 

This acid was dextrorotatory, and was thus identified as rf-methyl- 
etfiylacetic acid, which is stated to boil at 175°. 

The remainder of this liquid, together with a portion of somewhat 
higher boiling ffbint, was converted into a silver salt. This was ob- 
tained in two fractions, both of which were analyzed. 

I. 0.3256 of salt gave on ignition 0.1678 A g. Ag «= 51.5 * 

II. 0.4332 of salt gave on ignition 0.2244 Ag. Ag « 51.8 * 

C«HA Ag requires Ag ** 51.7 per cent. 

The above-mentioned aqueous distillate, after extraction with ether, 
was fount} to contain small amounts of formic and butyric acids. 

After the removal of the volatile products of the add hydrolysis ||y 
distillation with steam, as above described, there remained in the dfs* 

1 /. Clt£tn. Sac., okl 2*6 ( iqooL * 
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dilation flask an acid liquid, together with a soft, resinous mass/ The 
liquid was decanted from the resin and extracted with ether, which, 
however, removed only a small amount of an oily product. It was then 
treated with baryta for the removal of the sulphuric acid, filtered, and 
concentrated. A sirup was thus obtained, which readily yielded 
d-phenylglucosazone, melting at 210-211°. It was therefore evident 
that at least a portion of the chloroform extract of jalap resin was gluco- 
sidic. 

The previously mentioned, soft, lesinous mass, which had been separated 
from the acid, aqueous liquid, as above described, was treated with hot 
ether, in which the greater portion was soluble. The ethereal solution 
was separated from the insoluble material, consisting of a black, hard 
resin, and extracted with a solution of sodium carbonate, after which it 
was dried, and the solvent removed. About 5 grams of a sirupy product 
were thus obtained, which was distilled under diminished pressure, when 
it passed over quite constantly at 210-211° as a lemon-yellow oil. This 
oil solidified on cooling to a white, crystalline mass, which was first dried 
on a porous plate and finally in a desiccator, when it melted at 23-25°. 

0.0850 gave 0.2204 CO* and 0.0926 H a O. C «* 70.7 ; H — 12. 1 . 
requires C — 71.3; H « 11.9 per cent. 

This substance was evidently the ethyl ester of convolvulinolic acid % 
C w H 20 O 3 ,C 3 H fi , and its formation during the treatment of the acidic portion 
of the chloroform extract with alcoholic sulphuric acid may be attributed 
to the amount of water present not having been sufficient to entirely 
prevent esterification. It agrees in character with the ethyl convol- 
vulinolate prepared by Hoehnel, 1 which is stated to melt at 22. 5°. 

The sodium carbonate extract of the ethereal liquid from which the 
ethyl convolvulinolate was obtained was acidified and extracted with 
ether, the ethereal liquid being dried and the solvent removed, when it 
yielded a quantity of a dark colored sirup, which became partially solid 
on standing. This sirup was dissolved in alcohol, brought onto purified 
sawdust, and the thoroughly dried mixture extracted successively in a 
Soxhlet apparatus with light petroleum and ether. 

Petroleum Extract : — This was a dark, orange colored sirup, which 
solidified to a soft, fat-like mass. It was distilled under diminished 
pressure, and the following fractions collected: (I) Below 220°; (II) 
200-225°; (III) 225-230°; (IV) 230-290/15 mm. As no crystalline 
add could be obtained from these fractions, they were converted into 
diver salts, and the latter analyzed. 

From these results it is evident that the above-described petroleum 
extract was a mixture. It undoubtedly contained some cOnvolvulindlic ^ 
add, CuSttOji and apparently also a higher homologue of the latter. 

* Afcfe Pharm,, 234, 6ft (1896). > 
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Fraction I. o. 3474 of salt gave on ignition o. 1124 Ag* Ag «• 32.4 
Fraction II (a). 0.2032 of salt gave on ignition 0.0572 Ag. Ag — 28 A, 

Fraction II ( b ). o. 2094 of salt gave on ignition 0.0594 Ag. Ag ** 28.4 

Fraction III (a), o. 2780 of salt gave on ignition 0.0752 Ag. Ag — 27 o 

Fraction III ( b ). 0.3588 of salt gave on ignition Q.0978 Ag. Ag ■» 27.3 
Fraction III (c), o. 3017 of salt gave on ignition 0.0830 Ag. Ag «• 27.5 

Fraction IV. o. 2442 of salt gave on ignition 0.0648 Ag. Ag «• 26.5 

C 16 H a# 0 8 Ag requires Ag * 29.6 per cent. 

C 17 H« 0 8 Ag requires Ag = 27.5 per cent. 

Ether Extract.— This was a dark red sirup. It was distilled under 
diminished pressure, when some decomposition occurred, and, although 
a portion of the distillate became solid, nothing definite could be isolated 
from it. 

IV. Ethyl Acetate Extract of the Resin. i 

This extract, after the removal of the solvent, was a hard, friable, 
reddish brown mass, which could easily be reduced to A light fcrown 
powder. 

Treatment with Dilute Alcoholic Sulphuric Acid. , 

One hundred grams of the dry extract were dissolved in alcohol, and 
some water added, together with such an amount of sulphuric acid that 
the latter represented about 5 per cent, of the weight of the mixture. 
The liquid, which amounted to 1.5 liters, was then heated in a reflux 
apparatus for about 5 hours, after which the alcohol was removed, water 
added, and steam passed through the mixture until volatile products 
ceased to pass over. The distillate, which contained some oily drops 
floating on the surface, was extracted with ether. The ethereal liquid 
was shaken with a solution of sodium carbonate, after which it was washed, 
dried, and the solvent removed. A very small amount of a yellowish 
oil was thus obtained, which gave a reaction for furfural. The sodium 
carbonate extract, whe^acidified and extracted with ether, yielded 
about 2 grams of a dark yellow, oily acid. This was distilled under the 
ordinary pressure, when it passed over for the most part between 174 
and 178°. 

0.1710 gave 0.3682 CO a and 0.1494 H* 0 . C — 58.7; H m 9.7. 

QHjoOi requires C — 58.8; H «* 9.8 per cent. 

An alcoholic solution of this acid Was dextrorotatory, which confirmed 
its Identity as d-methylethylacetic add. 

The above-mentioned, aqueous distillate, after extraction with ether* 
was found to contain formic and butyric adds. 

After the remoVal of the volatile products of hydrolysis hy distillation 
with steam* as above described, there remained in the distillation flask 
a' dark red liquid, end a quantity of soft, resinous matting llpated 
in the surface. The aqueous, add liquid wasseparated 
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and extracted with ether, but this removed only a small amount of an 
oily product. It was finely treated with baryta from the removal of the 
sulphuric acid, filtered, and concentrated. A considerable quantity of a 
sirup was thus obtained, which readily yielded d-phenylglucosazone, 
melting at 206-207°. It was thus evident that at least a portion of the 
ethyl acetate extract of the resin was glucosidic. 

The previously mentioned soft, resinous material, which had been 
separated from the above described, aqueous, acid liquid, was dissolved 
in alcohol, mixed with purified sawdust, and the thoroughly dried mixture 
extracted successively in a Soxnlet apparatus with light petroleum and 
ether. 

Petroleum Extract . — This was a dark orange-colored sirup, which 
became partially solid on standing, and amounted to 10 grams. It was 
dissolved in ether, and the ethereal liquid shaken with a solution of sodium 
carbonate, after which the ether was dried and evaporated, when 2 grams 
of a dark yellow, oily liquid were obtained. The sodium carbonate 
extract was acidified and extracted with ether, the ethereal liquid being 
dried and the solvent removed. A quantity (4.7 grams) of an oily acid 
was thus obtained, which became solid on standing. The above-men- 
tioned 2 grams of yellow, oily liquid were found to consist of an ester 
which had been formed by the treatment of the re^nous material with 
alcoholic sulphuric acid. This was therefore hydrolyzed, and the acid 
thus obtained mixed with the 4.7 grams of acid previously obtained 
by extraction with sodium carbonate. The whole w*as then distilled 
under diminished pressure, when the greater portion passed over between 
210 and 230°/ 1 2 mm., and formed a light yellow, soft solid. This was 
neutralized with potassium hydroxide, when a portion of the resulting 
potassium salt was observed to be sparingly soluble. The acid obtained 
from this sparingly soluble salt was dissolved in a mixture of light petro- 
leum and ether, from which it separated in the form of a nearly colorless 
solid, melting at 47-48 °. 

0.1 104 gave 0.2810 CO* and 0.1196 H a O. C «* 69,4; H «■ 12.0. 
e w H B0 O* requires C ~ 69.8; H — ix.6 per cent. 

This substance was thus identified as convolvulinolie acid, a further 
quantity of which was obtained from the alcohol extract of the resin. 

The acid obtained from the more soluble portion of the above- 
described potassium salt was a soft, fat-like mass. From a portion of it 
three fractions of silver salt were prepared and analyzed. 

' I. 0.3118 of salt gave on ignition 0.0868 Ag. Ag «* 27.8 
II. 0.30x4 of salt gave on ignition 0.0842 Ag. Ag - 27 .9 
til. 0,0626 of salt gave on ignition 0,0X84 Ag. Ag — 29.4 * 

C Ag requires Ag - 29.6 per cent 
Ag requires Ag - 97.5 percent 
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These results would indicate that the above-described product con- 
sisted chiefly of a higher homologue of convolvulinolic acid, having the 
formula C 17 H 34 0 3 . As previously noted, a similar product was obtained 
by the acid hydrolysis of the chloroform extract. 

Ether Extract. — ' This was a soft, black, resinous mass, and amounted 
to 8 grams. It was examined, but nothing of a definite character could 
be obtained from it. 

V. Alcohol Extract of the Resin . 

This extract, as indicated in the first part of this paper, was the chief 
constituent of the original crude resin. When quite dry it could readily 
be reduced to a light brown powder, and on treating it in dilute alcoholic 
solution with successive portions of animal charcoal, a nearly white 
product was obtained. The latter, after drying at no°, melt&dat 150 - 
160 0 , and, when heated on platinum foil, it burned with a sfiioky flame, 
leaving no residue. 

The optical rotatory power of the purified alcohol extract waft deter- 
mined, with the following result: 

A solution containing 0.9905 gram of dry substance in 25 cc. of absolute 
alcohol had a D — 1.47 0 in a 1 dcm. tube, whence [a] D A - 37.1 8. 

This value is almost precisely the same as that obtained for the purified 
total resin, namely [a] D — 37.0°, as recorded in the first part of the paper. 
It also agrees closely with the rotation ([a] D — 36.9°) observed by Kromer 1 
for the product designated as “convolvulus,’' the latter consisting of that 
portion of jalap resin which is insoluble in ether. 

Fusion with Potassium Hydroxide . 

Twenty grams of the alcohol extract of the resin were fused with 120 
grams of potassium hydroxide in a nickel basin, the temperature of the 
mixture being kept at about 150° for some time, after which it was slowly 
increased to 260°, with constant stirring. When the reaction had ceased, 
and the mass had become pasty, it was allowed to cool, and then dissolved 
in water. The solution was acidified with sulphuric acid, and distilled 
with steam until volatile products ceased to pass over. The distillate, 
which was found to contain only acidic substances, was made alkaline 
with sodium carbonate, the liquid concentrated, acidified, and extracted 
with ether, when a quantity of an oily acid was obtained. This was 
distilled twice under the ordinary pressure, and the following fractions 
finally collected: (1) Below 165°; (2) 165-175°; (3) ^ 75 ^ 5 °\ (4) 
185-245°; (5) 245-280°. Fractions (1), (2) and (3) were analysed. 

It would appear* from these results that fraction (1) consisted of a 
nearly pure butyric acid, while fractions (2) and (3) evidently con tain ed 
valeric acid. The subsequent fractions consisted of mixtures of acids of 
higher molecular weight 

1 J.Chem. Set. Absi. t 66 , i, 540 (1894). ' 



chemical examination oe jalap. 


99 


(1) 0.1940 gave 0.3870 COa and o, 1586 H£>. C -* 54.4; H ■* 9.1 

(2) o. 1732 gave 0.3660 CO* and o. 1478 H.O. C — 57-6; H « 9.5 

(3) o. 1862 gave 0.4124 CO* and i6 5 2 H, 0 . C «* 60.4; H « 9.9 

C 4 H f O a requires C — 54 . 5 ; H ** 9.1 per cent. 

C«H l0 O a requires C — 54.8; H ** 9.8 per cent. 

C«H u O s requires C 62.i;H — 10.3 per cent. 

The aqueous liquid from which the above-mentioned acids had been 
extracted by ether was distilled with steam, when the distillate was 
found to contain formic, acetic, and butyric acids. 

After the removal of the volatile products of the potash fusion by 
distillation with steam, there remained in the distillation flask a yellow, 
aqueous liquid, which was completely extracted with ether. The ethereal 
liquid was washed, dried, and the solvent removed. A sirupy liquid was 
thus obtained, which, after standing for a few days, solidified to a crystal- 
line mass. This was dissolved in water, the solution treated with animal 
charcoal and concentrated, when a product was obtained which, after 
further crystallization from water, separated in long, flat needles, melting 
at iio~iii°. As the amount of this acid was small, it was converted 
into a silver salt, and the latter analyzed. 

0.1918 of salt gave on ignition 0.1000 A g. A g =» 52.1. 

Ci 0 H w 0 4 Ag 2 requires Ag ** 51.9 percent. 

The above-described substance was thus identified as sebacic acid, 
C 10 H lB O 4 , and its low melting point was evidently due to a slight im- 
purity. This acid, as will be noted later, had been obtained by Hoehnel 
by the oxidation of convolvulinolic acid, C l4 H 28 (0H)C0 2 H, but was 
regarded by him as an isomeride of sebacic acid, and therefore designated 
“ipomic acid.” 1 

The mother liquor from the first crystallization of the sebacic acid was 
concentrated to a small /bulk, when an acid separated in the form of 
laminae, which, after further crystallization, melted at 103-104°. 

0.1082 gave 0.2274 CO. and 0.0862 H a O. C — 57.3; H 8.8. 

CtH, e 0 4 requires C - 57.4; H — 8.5 per cent. 

This substance was thus identified as azelaic acid, which had previously 
been obtained by the authors in a similar manner from the alcohol ex- 
tract of »the resin of Ipomoea purpurea, Roth. 2 

Hydrolysis of ike Alcohol Extract of the Resin with Barium Hydroxide . 

A quantity (200 grams) of the purified alcohol extract was dissolved 
in alcohol (1000 cc.), and a cold, saturated solution of barium hydroxide 
gradually added until the liquid showed an alkaline reaction. The 
liquid was then kept at a temperature of 35-40°, small portions of solu- 
tion of barium hydroxide being added from time to time in order to 

1 Arch. Pharrn ., 234. 680 (1896). 

1 Arm. J . Pharm., So, 271 (1908), 
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maintain alkalinity. This treatment was continued until, on testing a 
small portion of the liquid with water, no turbidity was produced, a 
condition which was obtained in about 12 hours. The liquid was then 
allowed to cool, a little water added, and the alcohol removed, after 
which it was deprived of the excess of barium by means of carbon dioxide 
and filtering. The barium, which still remained in the filtrate in com- 
bination with the acids formed from the resin, was exactly precipitated 
with sulphuric acid, when, after removing the barium sulphate, a .clear, 
dark red liquid was obtained. This liquid was subjected to distillation 
with steam in order to remove any volatile acids present. The distillate, 
which contained some oily drops floating on the surface, was made alkaline 
with sodium carbonate, concentrated, then acidified and extracted with 
ether, the ethereal liquid being washed, dried, and the solvent removed. 
A quantity (4 grams) of an oily product was thus obtained, which had 
the odor of valeric acid, and distilled between 174 and 176° as a colorless 
liquid. * , 

0.1678 gave 0.3614 C0 2 and 0.1524 H a 0 . C «= 58.7; H — 10. 1. 

C fi H 10 O* requires C « 58.8; H — 9.8 percent. 

The density of the acid was 0.9480 at 16.5°. Tt was optically aStfvc* 
and a determination of its specific rotatory pqjrer gave the following 
result: 

a D in a 25 mm. tube at 16 0 = +4 0 10', whence («]d +17.58°. ^ 

It was thus evident that the above-described liquid consisted of the 
optically active valeric acid (d-methylethylacetic acid, CH(CH 3 )(CjH fi ). 
C 0 2 H), which is recorded 1 as having [a] D + 17.85°* 

The liquid from which the valeric acid had been removed by extraction 
with ether was distilled with steam, when the distillate was found to 
contain small amounts of formic and butyric dcids. 

After the removal of the total volatile acids by distillation with steam, 
as above described, there remained in the distillation flask a clear liquid. 
This was extracted with ether, which, however, removed nothing. It 
was then concentrated under diminished pressure to the consistency of a 
sirup, when it still remained clear, and possessed a dark orange-yellow 
color. It had a strongly acid reaction, and did not reduce *Fehling*s 
solution until after heating with a mineral acid. For the further examina- 
tion of this product, which may be termed the hydrolyzed resin> it was 
dissolved in alcohol, mixed with purified sawdust, and the thoroughly 
dried mixture extracted successively in a Soxhlet apparatus with the 
same solvents as had been employed for the extraction of the original 
mixture of resins. The results were as follows: 

Petroleum (b. p. 40-60°) removed nothing. 

1 52 (1896). 
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Ether and chloroform extracted 19.3 grams and 9 grams respectively 
of dear, orange-yellow sirups, which did not solidify. 

Ethyl acetate extracted 54 grams of a dark, opaque sirup, which, 
When perfectly dry, could be reduced to a light brown powder. The 
latter was extremely hygroscopic, but if kept in a sealed tube, could be 
preserved unchanged. 

Alcohol extracted 88 grams of a product, which formed a hard, brittle 
mass, and could be reduced to a nearly colorless powder. 

Each of the abbve products from the hydrolyzed alcohol extract of the 
resin was then subjected to treatment with dilute sulphuric acid. 

Ether Extract of the Hydrolyzed Resin . 

The entire amount of this extract (19 3 grams) was dissolved in water, 
and such an amount of sulphuric acid added that the latter represented 
5 per cent, by weight of the solution. The whole was then boiled in a 
reflux apparatus for about 6 hours, when a sirupy product separated 
which did not become solid on cooling, and the mixture was subsequently 
distilled with steam. The distillate, which contained a light yellow oil 
floating on the surface, was extracted with ether, and the ethereal liquid 
shaken with a solution of sodium carbonate. On evaporating the ether 
a very small amount of a neutral oil was obtained, which did not respond 
to the test for furfural and gave no color with ferric chloride. The sodium 
carbonate liquid was acidified and extracted with ether, the ethereal 
liquid being washed, dried, and the solvent removed, when 1.2 grams of 
a light yellow oil were obtained. This was unsaturated, since it ab- 
sorbed bromine. It was distilled under diminished pressure, when the 
following two fractions were collected: (I) 120-140°; (II) i4O-i6o 0 /i5 
mm., the latter distilling for the most part at about i6o°/i5 mm. The 
first fraction was analyzed with the following result : 

I. 0.1480 gave 0.3534 CO* and 0.1362 H a O. C « 65.1; H *= 10.2. 

C t H w O* requires C « 65.6 ;H ■* 9.4 percent. 

The remaining portion of this liquid yielded a fraction of silver salt 
which gave the following result on analysis: 

0.1494 gave 0.2342 CO a , 0.0796 H a O, and 0.0590 Ag. €^42.7; H«5.9; Ag -“39.5. 

C 10 H it Oj Ag requires C — 43.3; H «* 6.1 ; Ag — 39.0 per cent. 

Fraction I thus apparently consisted of a mixture of an acid CioH X 8 0 3 
with one of lower molecular weight. 

II. 0.1569 gave 0.3978 CO2 aud 0.1516 H 2 0 . C * 69.5; H — 10.8. 

CioHifO, requires C « 70.6; H «■* 10.6 per cent. 

From the remainder of this fraction a silver salt was prepared and 

analyzed. 

0.1270 gave 0.2000 CO* 0.0746 H JO, and 0.0492 Ag. C—43.0; H«*6.5; Ag«38.7. ’ 

CwHtfO* Ag requires C — 43.3; H — 6.1; Ag ~ 39.0 per cent. 
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It will be seen from these results that fraction II agrees approximately 
in composition with a decylenic acid, C 10 H 18 O„ but the amount of ma- 
terial available did not permit of its more complete examination. It 
was therefore impossible to ascertain whether the product was homo- 
geneous. . i 

Hoehnel, 1 by the treatment of so-called "purgic acid” with dilute 
sulphuric acid, obtained a product (b. p. i76°/i35 mm.) which he re- 
garded as decylenic acid, but this conclusion was based only upon the 
analysis of two amorphous salts and a determination of the iodine value. 
The latter figure, as found by Hoehnel (82.5), is, moreover, not in agree- 
ment with that required for decylenic acid, which is 146. It therefore 
cannot be considered as definitely established that decylenic acid has 
been obtained from jalap resin. 

The aqueous distillate from which the oily acid had been obtained 
by extraction with ether was found to contain, furthermore, small amounts 
of formic and butyric acids. # * 

After the removal of the volatile products by distillation with steam, 
as above described, there remained in the distillation flask a yellowish 
liquid, together with a viscid, oily product which floated on the surface. 
The mixture was extracted with ether, in which the oily product was 
completely soluble, and the ethereal solution then shaken with a solu- 
tion of sodium carbonate. On subsequently evaporating the ether, 
only a very small amount of a neutral, oily liquid was obtained. The 
sodium carbonate liquid was acidified and extracted with ether, the 
ethereal liquid being washed, dried, and the solvent removed, when a 
quantity of a viscid, dark orange-colored product was obtained, which 
deposited nothing crystalline. When neutralized with a solution of 
sodium hydroxide, it formed a gelatinous mass, having the character of a 
soap The viscid, oily acid was distilled under diminished pressure, and 
the following fractions collected: (I) 192-194°; (II) 1 94-200°; (III) 
200-210°; (IV) 219-220°; (V) 220-280°; (VI) 28o-3io°/i5 mm. The 
total amount of th|se fractions was 12.2 grams. They were all viscid, 
yellow, unsaturated liquids, and on analysis gave the following results: 

1 0.1492 gave 0.3520 CO, and 0.1398 H, 0 . C - 64.3; H «■» 10.4 

II. o. 1372 gave 0.3236 CO, and o. 1336 H,0. C « 64.3*; H - 10.8 

III. 0.1778 gave 0.4202 COj and o. *7x4 HjO. C «* 64.5; H - 10.7 

IV. o, 1x52 gave 0.2770 CO, and o. 1126 H, 0 . C ■» 65.7; H «• jp.9 

V. 0.1758 gave 0.4294 CO, and 0.1678 H, 0 . C «• 66.6; H — 10,6 

VI. o. 1560 gave 0.3904 CO, and 0.1496 H, 0 . C «■ 68.2; H **10.6 

The iodine absorption values of fractions I and VI were determined* 

I. 0.3176 absorbed 0.0980 I. Iodine value « 30,9 

VI. 0,3910 absorbed o. 1986 I. Iodine value « 50.8 

1 Atch . Pharm a$4> 668 (1896). 
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It was evident from these results that the above fractions consisted 
of a mixture of acids, the identity of which could not be established. 

The aqueous, acid liquid contained in the distillation flask, from which 
the above-described products had been removed by extraction with 
ether, was treated with baryta for the removal of the sulphuric acid. 
The filtered liquid was then concentrated under diminished pressure, 
when a small amount of a sirup was obtained which contained sugar, 
since it readily yielded d-phenylglucosazone, melting at 209-210°. This 
sirup also contained a small amount of a readily soluble, organic acid. 

Chloroform Extract of the Hydrolyzed Resin. 

This extract, which amounted to only 9 grams, was subjected to the 
same treatment with dilute sulphuric acid as has been described in con- 
nection with the ether extract of the hydrolyzed resin. On distilling the 
product with steam, a very small amount of an oily acid was obtained, 
together with formic and butyric acids. The contents of the distillation 
flask consisted of an aqueous, acid liquid, on the surface of which there 
was a small amount of a dark colored, viscid oil. The mixture was ex- 
tracted with ether, which completely dissolved the oily product, the 
ethereal liquid being then shaken with a solution of sodium carbonate. 
On subsequently evaporating the ether, a very small amount of a neutral 
oil was obtained. The sodium carbonate liquid was acidified and ex- 
tracted with ether, the ethereal liquid being washed, dried, and the solvent 
removed. A small amount of a dark orange-colored oil was thus ob- 
tained, from which no solid substance separated. It was therefore mixed 
with purified sawdust, and the mixture successively extracted with light 
petroleum and ether, but the resulting products were of an oily nature, 
and did not solidify. The acids were finally converted by fractional 
precipitation into a number of silver salts, the analysis of which, how- 
ever, indicated them to consist of complex mixtures. The above-men- 
tioned, aqueous liquid which had been extracted with ether was finally 
treated with baryta for the removal of the sulphuric acid, and filtered. 
It was then found to contain sugar, since it readily yielded d-phenyl- 
glucosazone, melting at 207-208°. It also contained a readily soluble, 
organic acid. 

Ethyl Acetate Extract of the Hydrolyzed Resin. 

This extract, which amounted to 54 grams, was obtained in the form of a 
dark, opaque sirup. As previously noted, it could be reduced to a 
powder* after thorough drying, but the latter was extremely hygroscopic. 
It was heated for about 6 hours with dilute sulphuric acid, in the same 
maimer as the two preceding extracts, and the product distilled with; 
steam* The distillate, which contained some oily drops, was extracted 
with ether, and the ethereal liquid shaken with a solution of sodium* 



104 ORGANIC AN© BIOkOGICAU 

carbonate. On subsequently evaporating the ether, only a very small 
amount of a neutral, oily liquid remained. The sodium carbonate liquid 
was then acidified and extracted with ether, the ethereal liquid being 
washed, dried, and the solvent removed. A quantity (5.2 grams) of an 
acid was thus obtained, which was distilled under the ordinary pressure, 
when it* passed over for the most part between 174 and 178°. 

0.1792 gave 0.3842 CO* and 0.1570 H* 0 . C » 58.5; H 9.7. 

C b H I 0 O, requires C = 58.8; H = 9.8 per cent. 

The density of the acid was 0.9388 at 17.5 °. A determination of its 
optical rotatory power gave the following result: 

a D in a 25 mm. tube at 17.5 0 » +4*7/ whence [<x] D + 17.53°. 

This acid was thus identified as the optically active valeric acid 
(d-methylethylacetic acid), CH(CH 3 )(C 2 H 6 ).C 0 2 H. 

The distillate which had been extracted with ether was found to con- 
tain small amounts of formic and butyric acids. 

After the removal of the volatile products by distillation with steam 
there remained in the distillation flask a dark colored liquid, together 
with a solid cake of resin, which was separated by filtration. * The clear 
liquid was extracted with ether, but this removed only a small amount 
of oily substance, which did not permit of further examination. After 
extraction with ether the liquid was treated with baryta for the removal 
of the sulphuric acid, filtered, and the filtrate concentrated under dimin- 
ished pressure. A sirup was thus obtained which contained sugar, 
since it yielded d-phenylglucosazone, melting at 207-208°. It also 
contained an organic acid which was readily soluble in water. 

The above-mentioned, solid cake of resin, which was separated from the 
aqueous, acid liquid, was dissolved in alcohol, mixed with purified saw- 
dust, and the mixture successively extracted with light petroleum, ether, 
and alcohol. The products from the first two solvents were of an oily 
nature, while the alcohol removed only a small amount of a hard resin. 
The petroleum and ether extracts were further examined, but they ap- 
peared to consist of a complex mixture of acids, of which no constituent 
could be definitely identified. 

Alcohol Extract of the Hydrolyzed Resin. 

This constituted the largest portion of the product of the alkaline 
hydrolysis of the resin. It formed a hard, transparent, light yellow 
mass, which could be reduced to a nearly colorless powder, and, unlike 
the ethyl acetate extract, was permanent in the air. It dissolved readily 
in water, yielding a clear solution, which was strongly acid to litmus. 
It melted at 110-115°, and with cold, concentrated sulphuric acid gave a 
deep red color. It was optically active, and a determination its specific 
rotatory power gave the following result: 
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' im aqueous solution containing 1.1060 grams of substance in 25 cc. 
hod a,, — 1° 29' in a 1 dcm. tube, whence [aJ D — 33.53 °. 

Hoehnel 1 has recorded for the so-called “convolvulic acid,” to which 
he assigned the formula C« 5 H, 0 O 2 „ and which represented that portion 
of the product of the alkaline hydrolysis of “convolvulin” which was 
insoluble in ether and not volatile in steam, a specific rotatory power of 
— 34.68°; whereas Kromer 3 had noted for a somewhat similar product 
1 « 1 d— 31-33 °- 

For the examination of the above-mentioned extract ioo grams of 
material were employed. This was dissolved in water, and such an 
amount of sulphuric acid added that the latter represented 5 per cent, 
by weight of the mixture. The whole was then heated in a reflux ap- 
paratus for 4 hours, and the mixture allowed to cool, when it was ob- 
served that a resinous product had separated in the form of a soft, plastic 
mass. On passing steam through the mixture a slightly acid distillate 
was obtained, which contained no oily drops. It was made alkaline 
with sodium carbonate, concentrated, then acidified and extracted with 
ether, the ethereal liquid being washed, dried, and the solvent removed. 
A very small amount of an oily acid was thus obtained, which was con- 
verted into a silver salt, and the latter analyzed. 

0.1396 of salt gave on ignition 0.0728 Ag. Ag ** 52.1. 

C 5 H 9 0 2 Ag requires Ag — 51.7 percent. 

This acid was thus identified as a valeric acid. 

The acid liquid which had been extracted with ether was distilled 
with steam, when the distillate was found to contain small amounts of 
formic and butyric acids. 

After the removal of the volatile products there remained in the dis- 
tillation flask a dark colored liquid, which was decanted from the mass 
of resinous material and extracted with ether, but this removed only a 
small amount of a mixture of acids. The aqueous, acid liquid was finally 
treated with baryta for the removal of the sulphuric acid, and the filtered 
liquid concentrated under diminished pressure. A sirup was thus ob- 
tained which contained sugar, since it readily yielded d-pheny lglucosazone , 
melting at 209-2 io°. It also contained a readily soluble organic acid. 

The resinous material obtained by the above treatment, and which 
had been separated from the aqueous, acid liquid, was dissolved in alcohol, 
mixed with purified sawdust, and the thoroughly dried mixture extracted 
successively with light petroleum, ether, and alcohol. 

Petroleum Extract — This was a light yellow oil, which solidified to a 
fat-like mass, and amounted to n.2 grams. 

1 Arch . Pham., 2341 662 (1896). 

* /. Chem. Soc. Abst „ 66, i, 540 <1894). 
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Ether Extract — This product was a soft, dark brown mass, and amounted 
to 9 grams. 

Alcohol Extract. — This was a dark resinous mass, and amounted to only 
4 grams. No crystalline substance could be obtained from it. 

Isolation of Convohndinolic Acid t C u H 2 B (OH) .C 0 2 H . 

( Hydroxy pentadecylic Acid.) 

The above-mentioned petroleum extract, which was strongly acid to 
litmus, was mixed with water, and carefully neutralized with sodium 
hydroxide. The solution was then concentrated on a water bath, and, 
after filtering, was allowed to stand for some time, when a crystalline 
sodium salt separated. This was collected, dried on a porous plate, 
then dissolved in water, and the solution acidified with hydrochloric 
add, when the organic acid separated in a solid state. It was collected 
on a filter, dried, and then crystallized three times from a mixture of 
light petroleum and ether, the solution being cooled in a freezing mixture 
of ice and salt. The acid then separated in the form of small, fine needlfes, 
which melted at 51-52°. 

0.1288 gave 0.3284 CO* and 0.1416 H a O. C » 69.5; H — 12.2* * 

CjgH^O, requires C — 69.7; H ** 1 1.6 per cent. 

A portion of the acid was converted into a silver salt, and the latter 
analyzed. 

0.1970 of salt gave on ignition 0.0580 Ag. Ag «■» 29,4. 

C w H„O t Ag requires Ag « 29.6 per cent. 

It is thus evident that the above-described acid possesses the formula 
C 15 H 80 O 8 , and that *it is identical with an acid of the same composition 
previously described by Taveme 1 as a hydroxypentadecylic acid 
(m. p. 50.5 °) and by Hoehnel* as convolvulinolic add (m. p. 51.5°). 
The latter designation appears, however, to have been given first by 
Mayer 1 and subsequently by Kromer, 4 to products obtained from jalap 
resin by methods analogous to that above described, but to which differ- 
ent formulas were assigned, and which were obviously not pure sub- 
stances. 

Methyl Convolimlmolate, C 14 H 28 (OH) .C 0 2 CH S . — One gram of con- 
volvulinolic acid was dissolved in methyl alcohol, and the solution satu- 
rated with dry hydrogen chloride. After allowing the liquid to stand 
over night, it was poured into water, and the mixture extracted with 
eth#r, the ethereal liquid being washed with a dilute solution of sodium 
carbonate, then with water, dried, and the solvent removed. A light 

'Rtc, trav. chim. Pays Bos , 13, 187 (1894); J. Chem. Soc . Abst., 68 y i, 119 
(1893). 

* Arch. Pharm ., 234, 674 (1896). 

# Ann., S3 # 121 (1852). 

♦ J.Chmn. Soc » Abst . , 66, 540 (1894). 
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yellow, viscid product was thus obtained, which was distilled under 
diminished pressure, when it passed over as a colorless oil. On allowing 
the latter to stand, it solidified to a mass of small needles, which, after 
drying on a porous plate, melted at 32-33°. 

0.0940 gave 0.2420 CO, and 0.1012 H, 0 . C *=* 70.2; H — 11.9. 

C w H„0, requires C 70.6; H ** 11.8 per cent. 

This substance was thus quite pure methyl convolvulinolate. It 
appears to have first been prepared by Taverne, 1 who has recorded its 
boiling point as 206-208°/ 15 mm., and its melting point as 35°. 

Isolation of Ipurolic Acid i C 13 H K ( 0 H) 2 .C 0 2 H. 

The above-mentioned ether extract, obtained from the product of the 
action of dilute sulphuric acid on the alcohol extract of the hydrolyzed 
resin, was a soft, dark brown mass. It was mixed with water, and care- 
fully neutralized with sodium hydroxide. The solution was then con- 
centrated on a water-bath, and allowed to cool, when a sodium salt sep- 
arated in a partially crystalline condition. This salt was twice recrystal- 
lized from water, after which it was decomposed by hydrochloric acid, 
and the resulting acid extracted by means of ether. The solid thus ob- 
tained was twice recrystallized at -a low temperature from a mixture of 
ether and chloroform, after which it melted at 94-95°. On subsequently 
crystallizing twice from the same mixture of solvents, and finally from 
chloroform, the melting point was raised to 100-101°. 

0.1120 gave 0.2648 CO, and o 1094 H, 0 . C =*64.5; H — 10.8. 

C m H„ 0 4 requires C 64.6; H « 10.8 per cent. 

A silver salt of the acid was also prepared and analyzed. 

0.1496 of salt gave on ignition 0.0436 Ag. Ag — 29.1. 

C m H, 7 0 4 Ag requires Ag ** 29.4 per cent. 

The above-described substance was thus identified as ipurolic acid, 
C 18 H 25 (OH) 2 .CO j H, which was first isolated by the authors from the 
stems of Ipomoea purpurea , Roth. 3 When mixed with the acid obtained 
from the latter source, the melting point remained unchanged. 

Methyl Ipurolate , CjaH^OH^.COjCHg. — This was prepared by the 
method previously described.® When crystallized from dilute methyl 
alcohol it separated in fine, colorless needles, melting at 68-69°. 

0.1070 gave 0.2562 CO, and 0.1056 H,0. C — 65.3; H » 10.9. 
requires C *■ 65.7; H - 10.9 per cent 

It may be noted in this connection that Hoehnel 4 has designated that 
portion of the product of the alkaline hydrolysis of “convolvulin” which 
is insoluble in ether as "convolvulic add,” and has assigned to it the 

1 Loc. cit. 

* Am . J. Pharm ., 80, 273 (1908). 

• Loc. at., p. 275. * 

4 Arch . Pharm., 234, 684 (1896). 
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formula C; 5 H g0 O 28 . He has furthermore assumed that the formation taf 
eonvolvulinolic add, C 15 Hg 0 O 3 , from the last-mentioned product by its 
add hydrolysis may be expressed by the following equation: 

^45^80^28 "h 5^0 * 5^8^12®6 "t* C 16 H 30 O 8 . 

It has been shown, however, by this investigation that the portion of 
the product of the* alkaline hydrolysis of the resin which was not only 
insoluble in ether, but which had also been deprived of constituents 
soluble in chloroform and ethyl acetate, when submitted to the action of 
dilute sulphuric acid, yielded, besides sugar and eonvolvulinolic acid, 
a number of other acids, among which formic, butyric, valeric, and 
ipurolic acids were identified. A portion of the product, moreover, is 
apparently not glucosidic, and remains after the treatment with sul- 
phuric acid in the form of an organic acid which is readily soluble in 
water. It is obvious, therefore, that the formation of all these substances 
can not be expressed by a simple equation, and that the amorphous 
product designated as “convolvulic acid” can by no means be regarded 
as an individual substance, which is capable of being represented by a 
chemical formula. 

Oxidation of the Alcohol Extract of the Hydrolyzed Resin with Nitric Acid . 

Ten grams of the previously described alcohol extract of the hydrolyzed 
resin were dissolved in a little water, and about 100 grams of nitric acid 
(sp. gr. £.4) added. A vigorous reaction soon ensued, and when this had 
subsided the mixture was heated for a time, after which water was added, 
and the heating continued for about 10 minutes. On allowing the liquid 
to cool, a quantity of substance was deposited, which was extracted with 
ether, and the ethereal liquid then shaken with a solution of sodium 
carbonate. The ether was subsequently dried and evaporated, when 
only a slight oily residue was obtained. The sodium carbonate liquid 
was acidified and extracted with ether, the ethereal liquid being dried 
and the solvent removed, when 1.4 grams of an oily product were ob- 
tained, which soon solidified to a perfectly white, crystalline mass. This 
was repeatedly crystallized from water, when two principal fractions 
were obtained, melting at 105-106° and 122-125° respectively. The 
final mother liquor contained a small amount of an acid which was freely 
soluble in water, and was evidently oxalic add. 

The Jpaction melting at 105-106° consisted of long, flat needles, and 
was ^p^zed with the following result: 

Jpu>7* gave 0.226^ C0 2 and 0.0844 11*0. C - 57.6; H « 8.7. 

&&1&4 requires C « 57.4; H - 8.5 per cent. 

Vs substance was thus identified as azelaic add, the melting point 
of which has been recorded as 106°. 
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The fraction melting at 122-125° was obtained in the form of small 
needles, and gave on analysis the following result: 

0.0768 gave 0.1676 CO, and 0.0658 H a O. C 59-5; H « 9.5. 

CnH^O* requires C — 59.4; H - 8.9 per cent. 

This substance was evidently sebacic acid, the melting point of which 
has been variously stated as 127-128° and 133-133.5 0 . 

By the oxidation of convolvulinolic acid with potassium permanganate, 
as also with nitric acid, Hoehnel 1 obtained, besides a valeric acid, a crystal- 
line, dicarboxylic acid of the composition C 10 H 18 O 4 (m. p. 109°), which 
he has designated as ipomic acid (“ipomsaure”), and regards it as isomeric 
with sebacic acid. The name of ipomic or ipomoeic acid was first given 
by Mayer 2 to a product obtained by the action of nitric acid on that 
portion of jalap resin which is insoluble in ether, and which he designated 
“convolvulin.” The acid obtained by Mayer was stated to agree with 
the formula C 6 H 9 0 2 , and to melt at 104°. Neison and Bayne, 3 who 
repeated the experiment of Mayer, have shown, however, that the so- 
called ipomoeic acid is identical with sebacic acid, for by the oxidation 
of material designated by them as “jalapin” they obtained an acid melt- 
ing at 126-127°, and agreeing in all respects with sebacic acid, the melt- 
ing point of which they record as 127-128°. This fact appears notjrto 
have been considered by Hoehnel, 4 who has retained the name of “ipom- 
saure” for a substance which was evidently somewhat impure sebacic 
acid. The present investigation has shown, moreover, that the sebacic 
acid obtained as above described is accompanied by a lower homologue, 
namely, azelaic acid. A mixture of these two acids was likewise ob- 
tained, as already noted, from the product of the fusion of the alcohol 
extract of the resin with potassium hydroxide. 

Summary. 

In view of the extended experimental details of this investigation, a 
summary of the more important results may here be given. 

The material employed consisted of an original bale of jalap tubers 
of good quality. On completely extracting the jalap with hot alcohol, 
and subjecting the resulting extract to distillation with steam, a small 
amount of an essential oil was obtained. This oil was at first of a pale 
yellow color, but became very dark on standing. The odor was smoky 
and disagreeable. It distilled between 80 and i6o°/6o mm., had a 
density of 0.8868 at 2O°/20°, and was optically inactive. 

The portion of the extract which was soluble in water contained chiefly 
coloring matter and sugar, the latter yielding d-phenylglucosazone 

1 Arch . Pharm 234, 679 (1896). 

* Ann. Cbem , Pharm ,, 83, 143 (1852); 95, 160 (1855). 

•/* Chem . Sac ., 27, 729 (1874). 

4 Loc . cit . 
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(m. p. 2 1 7-2 1 8°). The portion of the extract insoluble in water represente 
the product known as “resin of jalap,” which is recognized by most of 
the national Pharmacopoeias. The amount of this resin contained in 
the drug, as indicated by a special assay of the latter, corresponded to 9.4 
per cent of its weight, and 11.6 per cent, of it was soluble in ether. The 
total crude resin, when purified by means of animal charcoal, had a 
specific optical rotation of — 37. o°. On extracting the crude resin suc- 
cessively with (I) light petroleum (b. p. 40-60°), (II) ether, (III) chloro- 
form, (IV) ethyl acetate, and (V) alcohol, a number of products were 
obtained, the examination of which has shown the resin to be of much 
more complex composition than has previously been assumed. 

I. Petroleum Extract of the Resin . — This represented 1.9 per cent, of 
the total resin. It contained palmitic and stearic acids in a free state, 
and, after hydrolysis, yielded formic, butyric and higher volatile acids, 
palmitic acid, and a mixture of unsaturated acids, which appeared to 
consist chiefly of linolic acid. From the unsaponifiable portion of^lh^ 
extract there were obtained a phytosterol, C 37 H 46 0 (m. p. 134-1 35°; 
[a] D — 32.4 0 ), cetyl alcohol, C^H^O, and a small amount of a substance 
melting at 56-57°, which agrees in composition with the formula w- 
This substance , which appears to be a new compound, yields color re- 
actions similar to those of the phytosterols. 

II. Ether Extract of the Resin. — This represented 9.7 per cent, of the 
total resin. From it there was isolated a small amount of a new, di- 
hydric alcohol, which possesses the f||mula C 2l H 32 0 2 ( 0 H) 3 , and is des- 
ignated ipurganol. Ipurganol crystallizes in colorless needles, melting 
at 222-225°, and has, in pyridine solution, [a]^ — 44,9°. It yields color 
reactions similar to those gi>$pn by the phytosterols. Diacetylipurganol , 
C ai H 82 0 4 (CH 8 .C 0 ) 2 , forms colorless leaflets, melting at 166-167°, and 
has, in pyridine solution, [«] D — 36.0°. The ether extract, after treat- 
ment with alkalis and dilute sulphuric acid, yielded, furthermore, a little 
phytosterol and cetyl alcohol, small amounts of volatile acids, and a 
quantity of amorphous products. 

III. Chloroform Extract of the Resin . — This represented 24.1 percent, of 
the total resin. From it there was isolated a very small amount of 
/ 9 -methylaesculetin, C # H 6 (CH 3 )C\. After treatment with alkalis and 
dilute sulphuric acid this extract yielded, furthermore, formic, butyric, 
and d-methylethylacetic acids, together with convolvulinolic acid, 

and apparently a higher homologue of the latter. Glucose was 
afco produced by this, treatment, thus indicating that a portion of the 
extract was of a glucosidic nature. 

TV. Ethyl Acetate Extract of the Resin.— This represented 22 per cent, 
qf jthe total resin. On treatment with dilute alcoholic sulphuric acid, 
yielded formic, butyric, and d-methylethylacetic adds, together with 
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COnvolvulinolic acid, C 15 H 80 O 8 , and apparently a higher homologue of the 
latter, having the composition C l7 H 34 O a . It also yielded, besides in- 
definite amorphous products, a considerable quantity of a sugar, which 
was evidence that at least a portion of the extract was of a glucosidic 
nature. 

V. Alcohol Extract of the Resin . — This represented 38.8 per cent, of the 
total resin. After treatment with animal charcoal it was obtained in the 
form of a nearly white powder, which melted at 1 50-160°, and had 
Md — 37. 1 °. When fused with potassium hydroxide it yielded formic, 
acetic, butyric, valeric, and higher volatile acids, together with azelaic 
and sebacic acids. When subjected to alkaline hydrolysis with baryta 
it yielded, besides small amounts of formic and butyric acids, d-methyl- 
ethylacetic acid, C 6 H 10 O, (b. p. 174-176°; [a] D +17.55°), together with a 
quantity of an amorphous product, readily soluble in water, which may 
be designated as the hydrolyzed resin. This has now been shown to be 
of very complex composition, for by successive extraction with (a) ether, 
(6) chloroform, ( c ) ethyl acetate, and ( d ) alcohol it is capable of being 
resolved’ into a number of products. 

(a) Ether Extract of the Hydrolyzed Resin. — This extract, on heating 
with dilute sulphuric acid, yielded formic, butyric, and other acids, to- 
gether with sugar. 

(b) Chloroform Extract of the Hydrolyzed Resin . — This extract, like the 
preceding one, yielded small amounts of formic, butyric, and other acids, 
together with sugar. 

(c) Ethyl Acetate Extract of the Hydrolyzed Resin. — This extract, on 
heating with dilute sulphuric acid, yielded formic, butyric, d-methyl- 
ethylacetic, and other acids, together with sugar. 

(d) Alcohol Extract of the Hydrolyzed Resin . — This extract could be 
obtained in the form of a nearly colorless powder, which melted at mo- 
115 0 , and had [a] D — 33.53 °. When heated with dilute sulphuric acid it 
yielded, in addition to sugar, small amounts of formic, butyric, and 
valeric acids, together with convolvulinolic and ipurolic acids. The 
last-mentioned acid possesses the formula CjgHjjsCOH^.COjH, and was 
first obtained by the authors from the stems of Ipomoea purpurea , Roth. 1 

By the oxidation of this extract with nitric acid, azelaic and sebacic 
acids were obtained. 

Each of the above-described extracts of the hydrolyzed resin appeared 
to be only partly glucosidic, and to contain a readily soluble organic acid 
Winch was unaffected by the treatment with dilute sulphuric acid. 

Physiological Tests. 

The extracts obtained by the treatment of the original jalap resin with 
various solvents, as above described, were kindly tested for us with 
1 Am . /. Pharm. t 80, 273 (1908). * 
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respect to their physiological action by Dr. H. H. Dale, Director of the 
Wellcome Physiological Research laboratories, and our thanks are due 
to him for the assistance rendered in this connection. 

One gram of each of the extracts was administered to dogs, with the 
following results: 

1. The petroleum extract had no effect. 

2. The ether extract produced prompt, but not severe purgation. 

3. The chloroform extract caused repeated purgation, lasting for 48 
hours. 

4. The ethyl acetate extract was similar in its action to the chloroform 
extract, the purgation lasting 24 hours. 

5. The alcohol extract produced repeated and powerful purgation. 

Apart from the purgative action of the various extracts no effect was 

observed, all the animals having remained perfectly well. It was further- 
more concluded by Dr. Dale that the apparent differences in the degree 
of action of the extracts II, III, IV, and V cannot be regarded as of great 
importance in view of individual differences with respect to the action of 
drugs, and of purgatives in particular. * 

The product resulting from the alkaline hydrolysis of the alcohol ex- 
tract of the resin, consisting of acids readily soluble in water, had no 
effect when administered to a dog in doses of 1 gram. This result is in 
accordance with the observations previously recorded respecting an 
analogous but less completely purified product from jalap resin, which 
has been designated “eonvolvulic acid.” 1 

Conclusions. 

In considering the results, this investigation, some of the more im- 
portant facts and deductions may specially be noted. 

In the first place, it has been shown that the resin of jalap is of much 
more complex composition than has hitherto been assumed, and that 
none of the amorphous products obtained from it possess the attributes 
of a homogeneous substance. It follows that the formulas which have 
heretofore been assigned to products such as the so-called convolvulin, 
purgic acid, convolvulic acid, etc., are devoid of any significance or 
scientific value, and they should therefore no longer be retained in chemical 
literature. The same considerations will doubtless apply to the various 
amorphous products obtained from other convolvulaceous resins to 
which distinctive names and formulas have been assigned. 

In the present investigation of jalap resin, as already indicated, a 

g ber of substances have been obtained which permitted of definite 
tification or characterization. It is evident, however, that the 
ation of these substances, when resulting from the degradation of an 

* Compare Husemann, “Die Pflaazenstoffe and edit, 1882, p. 114*. 
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amorphous product of the resin, can by no means be expressed by simple 
chemical equations. 

It may finally be observed that the purgative action of jalap resin is 
not due to any single or well-defined constituent, inasmuch as the prod- 
ucts obtained by its successive extraction with various solvents, with the 
exception of the portion removed by light petroleum, appear to possess 
about an equal degree of physiological activity. 


ACTION OF AMINES ON PHTHALIC ACID. VI . 1 


By J. Bishop Tingle and B F. Parlrtt Brenton. 
Received November a, 1909. 


In the course of the work described in our earlier paper, we studied 
the interaction of phthalic anhydride on a number of amino derivatives 
other than those we have already mentioned. The products which we 
ultimately obtained did not prove to be suitable for our intramolecular 
rearrangement investigations and consequently we did not carry on the 
work with them very far. We desire, however, to record the results 
which we have obtained, because we cannot continue our experiments 
conjointly. 

Camphylamine and phthalic anhydride, when melted together, gave 


XOv 

what is probably the imide, C 6 H 4 <^ y>NC 10 H 7 , m. 54 0 . No solid hy- 

X CCK 


drolysis product (amidic acid) could be obtained from it. 

Benzidine and phthalic anhydride, under similar conditions, yielded 
a highly insoluble compound of great stability. 

We made a large number of experiments with the object of “fixing” 
the mobile amidic hydrogen atom in the amidic acids, RNHC0C e H 4 C0 2 H. 
With phosphorus pentachloride, phosphorus trichloride, or thionyl chlo- 

/Ca 

ride, the only stable product of the reaction was the imide C 0 H 4 <^^^>NR. 


We then directed our attention to the preparation of acylated amidic 
acids, such as CH 8 C0NRC0C 6 H 4 C0 2 H. We attempted to prepare them 
by the action of acyl chlorides and of acid anhydrides on the amidic 
acids and also from acyl amines and phthalic anhydride. We found, 
however, that acetyl chloride or acetic anhydride either failed to react 
with the amidic acids, or else it transformed them into the imide, be- 
having in this respect exactly like the phosphorus halides mentioned 
above. Most of our experiments were made with phthalphenylamidic 

1 The previous papers bearing on this subject have appeared as follows: Bishop 
Tingle and Cram, Am, Chem. 37, 596 (1907); Bishop Tingle and Lovelace, Ibid., 
38, 842 (1907); Bishop Tingle and Rolker, This Journal, 30, 1882 (1908); Bishop 
Tingle end Brentott, U 4 d, t $x 9 1157 (1909); Bishop Tingle and Bates, 31, 1233 (1909). 
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acid. Our attempts at synthesis were carried out with phthalic anhy- 
dride and acetanilide, />-acetotoluidide and formo-/?-naphthalide, re- 
spectively. When fractionally recrystallized, the products gave fairly 
sharp melting points, but further investigation showed that we were 
dealing with mixtures and that the phthalic anhydride, so far as it reacts 
at all, simply displaces the acetyl or formyl group from the amine, phthal- 
^-naphthylimide, for example, being produced from the above formo- 
/J-naphthalide. 

We failed to obtain any crystalline compound from 2,4-diaminophenol 
and phthalic anhydride, but from w-aminobenzoic acid we prepared 

the dicarboxylic acid, H 0 2 CC 6 H 4 NHC 0 C 6 H 4 C 0 2 H. 1 

The interaction of carbamide and of certain of its alkyl derivatives 
with phthalic anhydride|has been studied previously. 2 When the mix- 
ture of the two compounds is heated in a test tube it melts, becomes 
solid as the temperature is raised and finally liquefies again. Dying 
the heating gas is evolved almost continuously, but chiefly towards the 
later stages of the experiment. The gas consists of ammonia and car- 
bon dioxide, or in the case of a thiocarbamide, of carbon oxy sulphide. 

/ co \ * 

The solid product of the reaction is a phthalimide, C„H 4 <^ ^/NR, in 


a fairly pure condition. After being once recrystallized it shows the 
correct melting point. This method of preparing the compounds in ques- 
tion is so easy and requires so little time that it is obviously the best to 
employ for the preparation, in relatively small quantity, of the imides 
in which R = H, CH„ C,H S . or some other group, the amino or halide 
derivative of which is very volatile. We experimented with carbamide 
and its methyl, ethyl, benzyl and phenyl derivatives, and also with 
phenylthiocarbamide, obtaining phthalimide, and phthalmethyl-, ethyl-, 
benzyl- and phenylimides, respectively. Ethylidene carbamide gave 
only a tar. In the course of our experiments with phenylcarbamide 
we were successful in isolating phthalphenylamidic acid, C,HjNHCO 
C*H 4 COjH, as an intermediate product. Its formation throws some 
light on the mechanism of the reaction. To accomplish this was one of 
the chief objects of our investigation. 

We have made some experiments, of a preliminary nature, on the 
action of aniline and 4,5-dichlorophthalic acid. The results show that 
the substances react in h more complicated manner than in the case of 
aniline and phthalic acid. 

Experimental. 


1. Camphylainine and Phthalic Anhydride.— When these substances 
‘ Gabriel. Puttti, Ber., 16, 1320. 

* 314, 30 . Dunlap, Am. Chem. /., 18, 337. 
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are fused together, in molecular proportion, water is evolved. The 
product appears to be phthalcamphylimide , C 8 H 4 <^^^^/NC 10 H 7 ; after 

being recrystallized from benzene it melts at 54 0 . 

N found, 5.67; calculated, 4.94 per cent. 

The substance was warmed with an aqueous solution of sodium car- 
bonate and the clear solution acidified; this caused the deposition of an 
oil. 

2 . Benzidine and Phthalic Anhydride. — When melted together these 
substances combine. The resulting compound is very sparingly soluble 
in all the ordinary media. It was dissolved in nitrobenzene and pre- 
cipitated by benzene, but we are uncertain as to its purity because it re- 
mained unmelted at 300°. Our specimen contained 7.37 per cent, of 
nitrogen. It failed to react with benzoyl chloride, by the Schotten- 
Baumann method. In a similar experiment, employing 2 mols. of base : 
1 mol. of anhydride, the product appeared to be similar to that obtained 
in the first experiment, or identical with it. 

3. Acetanilide , p-Acetotoluidide, Forma -p-Naphthalide and Phthalic An- 
hydride . — As explained in the theoretical part of this paper, our experi- 
ments with these substances were carried out in the hope of preparing 
disubstituted phthalamidic acids, RR'NC 0 C 6 H 4 C 0 2 H, in vrhich one of 
the groups, R or R', could be easily removed. The acylated bases were 
melted with the anhydride, and the heating continued during varying 
periods ranging from a few minutes to 1 . 5 hours. The resulting ma- 
terials, after recrystallization, usually melted within i°, but, in each 
case, further purification caused the melting point to vary widely from 
that shown at first and the analytical results were not constant. From 
formo-^-naphthalide we were able to isolate and identify phthal-^-naph- 
thylimide and to prove that formic acid was evolved during the heating. 
It is evident, therefore, that the phthalyl group merely replaces the 
acyl already linked to the nitrogen of the amine. 

4. 2,4-Diaminophenol and Phthalic Anhydride . — A considerable num- 
ber of esqjeriments were carried out with these substances, but no definite 
compound could be isolated. 

5. m-A minobenzoic Acid and Phthalic Anhydride. — We prepared the 

x z 1 2 

dicarboxylic add, H0 2 CC fl H 4 NHC0C 6 H 4 C0 a H , in the manner described 
above and purified it by means of its sodium salt from the strongly col- 
ored .materials which are produced during its formation. It dissolved 
readily in ethyl alcohol (40 per cent.), but the deposited material failed 
to exhibit crystalline structure. It was recovered unchanged by boiling 
with acetic anhydride and also by treatment with benzoyl chloride, by 
the Schotten-Baumann method. 
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6 . Carbamide and Phthalic Anhydride . — When these substances ate 
mixed in equimolecular proportion and heated they melt, then after a 
time solidify and, finally, as the temperature is raised, become liquid 
again. During the heating ammonia and carbon dioxide are evolved 


vigorously. The product consists of phthalimide, 



it was fully identified by its melting point and analytical results. The 
same substance was obtained by the use of 2 molecular proportions of 
carbamide, under otherwise similar conditions. The yield was almost 
quantitative. 

7. Methylcarbamide and Phthalic Anhydride . — These substances, when 
treated in the same manner as the carbamide, behaved similarly, giving 


phthalmethylimide, C 8 H 4 <( / ^>NCH 3 (m. p. 132 0 ), carbon dioxide and 

X CCK 

ammonia. The yield was almost quantitative. * 

8 . Ethylcarbamidc and Phthalic Anhydride . — The product in this case 
was phthalethylimide. The yield was relatively small. 

9. Benzylcarbamide and Phthalic Anhydride . — These substances re- 
acted like the methylcarbamide, the product being phthalbenzylimide, 



NCH 2 Cj£. 


The yield was good. 


An unsuccessful attempt 


was made to isolate the intermediate compound, the formation of which 
is indicated by$fie molten mass becoming solid. The only materials 
which could be Identified were the mother-substances. 

jo, Phenylcatifcamide and Phthalic Anhydride . — When these substances 
are melted together and the heating stopped as soon as they solidify, 
the product Consists of phthalphenylamidie acid, C 6 H 6 NHCOC 0 H 4 CO 2 H, 
which was fully identified. In another experiment the heating was con- 
tinued until all reaction had ceased. In this case the only substance 
which was obtained was phthalphenylimide. 

xz. Phenylthiocarbamide and Phthalic Anhydtide . — These Substances 
behaved exactly like the phenylcarbamide mixture, except that the gases 
which were evolved were ammonia and carbon oxysulphide. 

12. ttihylidenecarbamide and Phthalic Anhydride . — The product from 
this experiment was tarry. 

The results recorded above show that the preparation of phthalimide 
and its alkyl derivatiyes is carried out far more easily by means of the 
carbamides than by the use of the amines, or from the alkyl halides and 
potassium phthalimide, provided that only relatively small quantities trf 
material are required (5-10 grams) and that the amine or alkyl derivative 
is so volatile as to require the use of a sealed tube or autoclave. 
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13. Aniline and 4,5-Dichlorophthalic Acid . — A number of preliminary 
experiments have been made with these compounds. The results show 
that the conditions require much more careful regulation than in the 
case of phthaKc acid. 

Summary. 

1. We have studied the action of phthalic anhydride on a number of 
amines, including camphylamine, which gives the camphylimide; benzi- 
dine, which forms an insoluble product; and ra-aminobenzoic acid, which 
yields a dicarboxylic acid. 

2. The acylated amines, acetanilide, />-acetotoluidide and formo-^- 
naphthalide, eliminate the acyl group when heated with phthalic anhy- 
dride. 

3. Carbamide and certain alkyl- and arylcarbamides, including phenyl- 
thiocarbamide, eliminate ammonia and carbon dioxide (or carbon oxy- 
sulphide) and form phthalimides or phthalamidic acids. 

Itis intended to continue the investigation of the interaction of phthalic 
acids and amines in this laboratory during the coming year. 

McMastbk University, Toronto, Canada. 


NOTE ON THE OXIDATION OF / 9 -NAPHTHOQUINONE. 

By C. H. Robinson. 

Received November 1, 1909 


In a series of experiments on the oxidation of naphthalene and various 
naphthalene derivatives, Daly 1 found some indications that in the oxida- 
tion of /?-naphthoquinone by potassium permanganate in alkaline solu- 
tion the reaction ceased before the amount of permanganate had been 
reduced which would correspond to the oxidation of the naphthoquinone 
to phthalonic acid and he mentions the possibility of the diketo acid, 
C # H 4 (C 0 C 0 2 H) 2f being formed in the solution. Under the direction of 
Professor Allan, the author investigated this reaction in the hope of pre- 
paring the diketo acid in this way. 

If the oxidation in alkaline solution were to the diketo acid and then 
in acid solution to phthalic acid the two stages of the reaction might be 
represented by A, but if the oxidation in alkaline solution were to phthal- 
d&ic acid they would be represented by B. 


A. 


,CO.CO (4O) 


N:h:c: 


:H 


C,H 4 < 


/ 


COCOjH (2O) /COjH 




COCO-H 


C ‘ H ‘V, 


CO.H 


XO.CO ( 5 O) /COCOjH (O) y CO s H 

B. C.H/ T — ► C.H/ — ► C # H/ 

X CH:CH Nx>,H \C0 jH 


1 J. Pkys. Chem,, n t 105, 
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So that the ratio of the amounts of oxygen used in the two stages of 
the reaction would be two according to A or five according to B. 

The /^-naphthoquinone was prepared by the method of Lagodzinski 
and Hardine 1 and purified by the method given by Boswell. 2 It is 
slightly soluble in decinormal sodium bicarbonate solution (0.54 g. per 
liter) and not more soluble in a normal solution. 

To find the ratio between the amount of permanganate required to 
oxidize the naphthoquinone in alkaline solution and the permanganate 
required to complete the oxidation in acid solution to phthalic add, 
no cc. of a saturated solution of the quinone in decinormal sodium bi- 
carbonate was added to 50 cc. decinormal permanganate solution and 
left at laboratory temperature for twenty-four hours. In 50 cc. of this 
solution the residual permanganate was determined by adding a solu- 
tion of 0.4 g. potassium iodide and 2 g. sulphuric acid in 100 cc. water 
and titrating the iodine set free. To another 50 cc. of the solution two 
per cent, sulphuric acid and a few drops of manganese sulphate solution 
were added, and after two minutes, by which time the oxidation to phthalic 
acid was complete, the solution of potassium iodide and sulphuric acid 
was added and the iodine determined. Since the oxidizing power of the 
permanganate is 1.66 times greater in acid solution than in alkaline 
solution, the permanganate used in oxidizing the solution to phthalic 
acid was multiplied by 1.66 so that the amounts of permanganate would 
be in proportion to their oxidizing value. 

1. IX. 


Permanganate reduced in alkaline solution 
Permanganate reduced in add solution 


4-75 


This shows conclusively that the oxidation is as represented above 
in B and that the reaction in alkaline solution proceeds to phthalonic 
acid, but it is still possible that there is a rapid oxidation to the diketo 
acid and then a slower oxidation to phthalonic acid. 

Some experiments were made to determine the constituents of the 
solution at various stages of the oxidation by .adding small amounts 
of permanganate to the quinone solution, allowing the reaction to pro- 
ceed till all the permanganate was reduced, acidifying the solution and 
ethering out. As the, residual quinone is so much more insoluble in 
water than the products of the reaction, the residue obtained by the 
evaporation of the ether contained little else than quinone?* 

A ■» initial weight of quinone in the solution. 

B cc. permanganate used to 50 cc. quinone solution. 

‘ C ■> weight of residue from ether. 

D « weight of quinone which would be left if oxidation were direct 
to phthalonic acid. 


* Bit., 2 % 3973. 

1 This Journal, 19, 230. 
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E «* weight of quinone which would be left if oxidation were to di- 
keto acid. 


A. 

B. 

c. 

D. 

E. 

Gram. 

cc. 

Gram. 

Gram. 

Gram. 

0.0226 

I 

0,0209 

0.0210 

0.0206 

0.0226 

6 

0.0126 

0.0131 

0.0108 

0.0226 

8 

O.OIIO 

O.OIOO 

0.0068 

0,0226 

10 

0.0087 

0.0069 

O.OO23 


The results given in this table are not very good because the method 
was inaccurate but they confirm the conclusion arrived at from the pre- 
vious experiments that there is no intermediate stage in the oxidation of 
^-naphthoquinone to phthalonic acid in alkaline solution, A series of 
experiments, in which the rate of oxidation of the quinone in alkaline 
solution was determined, also gave no indication of the existence of an 
intermediate product. 

Further experiments to prepare the diketo acid by the saponification 
of phthalyl cyanide are now being carried out. 

University of Toro wto. 


[Contribution from the Havemeyer Laboratories of Columbia University, 

No. 174.] 

RESEARCHES ON QUINAZOLINES (TWENTY-FOURTH PAPER). ON 
OXALYL ANTHRANILIC COMPOUNDS AND QUIN- 
AZOLINES DERIVED THEREFROM . 1 

By Marston Taylor Bogert and Ross Aiken Gortnbr. 

Received November 27, 1909. 

In 1883, Kretschy* obtained by oxidation of kynurine, or of kynurenic 
acid, an acid which he called “kynuric acid.” The succeeding year* 
he showed that this “kynuric acid” was oxalyl anthranilic acid. 

The following pages describe various derivatives of oxalyl anthranilic 
add and condensation products obtained therefrom. 

Mauthner and Suida 4 have recorded the fact that when anthranilic 
add is heated with ethyl oxalate, both oxalyl dianthranilic acid and 
ethoxalyl anthranilic acid are produced: 

HOOC.C,H 4 .NHj + ROOC.COOR = HOOC.C 8 H 4 .NHCOCOOR + ROH, 
aHOOC.C,H 4 .NH a + ROOC.COOR - 

* HOOC.C,H 4 .NHCOCONH.C e H 4 .COOH + 2ROH, 

and we have used this method for the preparation of these substances, 
as welt as for the methoxalyl anthranilic add. Oxalyl dianthranilic 

1 Read at the meeting of the New York Section, March 5, 1909. 
r Momtsh. Chm., 4, 157 (1883). 

* Ibid., 5, 30 (1884). 

♦ Monalsh. Chem., 9, 743 (1888). 
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add was also prepared by the action of oxalyl chloride upon anthranilic 
acid. 

By the action of acetic anhydride, these acyl anthranilic acids were 
changed to acyl anthranils, 

OC.C e H 4 .NCOCOOR and OC.C 6 H 4 .NCOCON.C e H 4 .CO, 
which were then treated with various primary amines to get the cor- 
responding quinazolines: 1 

yNCOCOOR ,N - C— COOR 

W <io 

The reactions with the methoxalyl and ethoxalyl anthranils resulted 
in the formation of the expected quinazolines, the amines used being 
ammonia, methylamine, aniline, /?-naphthylamine, hydrazine and plienyl- 
hydrazine. 

Some of the results are, however, rather puzzling. Thus, when fthox- 
alyl anthranil was heated with alcoholic ammonia, the product was the 

r ^ 

ammonium salt of the quinazoline add, HN.CO.C c H 4 .N ^ C.CO©NH 4 ; 
but when the anthranil was fused with urea, or boiled with an alcoholic 

i 1 

solution of urea, the quinazoline ester was obtained, HN.CO.C e H 4 .N =C. 
COOR. 

Ethoxalyl anthranil, heated with an alcoholic solution of methylamine, 

r~ 

gave the quinazoline amide, CH 3 N.CO.C fl H 4 N *» C.CONHCH s , and 
hydrazine similarly gave a hydrazide. Aniline, /?-naphthylamine, and 
phenylhydra2ine, on the other hand, did not displace the ester group, 
but gave quinazoline esters, even when the reaction was pushed to the 
point where a second molecule of the amine condensed with the keto 

group of the quinazoline to an anil, C 6 H 6 N.C(: NC 6 H 8 ).C fl H 4 .N * C.COOR. 

Experimental. 

Methoxalyl Anthranilic Acid , (i)HOOC.C 6 H 4 .NHCOCOOCH 8 (2).— 
An equimolecular mixture of anthranilic acid and methyl oxalate was 
heated at 140-55°. The mixture melted, methyl alcohol distilled off, 
and afteq.30 minutes’ heating a hard cake remained. This was pulverized 
fine, washed with cold water and the residue repeatedly extracted with 
dilute alcohol. From the alcoholic extracts, combined and concentrated, 
crystals were obtained which on recrystallization from water melted 
a^^6.5°(corr.). For analysis, they were further purified by recrystalli- 

* Anschiitz, Schmidt and GreifTenberg, Bet., 35, 3480 (1902). Bogert and Cham- 
bdfe This Journal, 27, 649 (1905). Bogert and Seil, Ibid., 37* 1305 (1905). Bogert 
afh Steiner, 27, 1327 (1905), etal. 
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zation from a mixture of alcohol and benzene, washed with ligroin, and 
dried at no 0 . 

Calculated for C 10 H„O ft N : N, 6 . 27. 

Found: N,6.i7. 

The acid dissolves readily in cold sodium carbonate solution with 
evolution of carbon dioxide. It is also soluble in hot water, alcohol, or 
benzene; difficultly soluble in cold water, practically insoluble in chloro- 
form or ligroin. 

In this preparation, some oxalyl dianthranilic acid is also formed. 

Ethoxalyl Anthranilic Acid , (i)HOOC.C e H 4 .NHCOCOOC 2 H $ (2).— Mauth- 
ner and Suida* have already reported on the formation of this compound 
from anthranilic acid and ethyl oxalate. It was, however, first obtained 
by von Baeyer 2 by oxidizing ethyl indoxylate with sulphuric acid and 
potassium dichromate, von Baeyer gives its melting-point as 180-1 0 . 

Twenty grams anthranilic acid were mixed with slightly more than 
an equimolecular amount of ethyl oxalate and the mixture heated for an 
hour at 140-50°, followed by ten minutes further heating at 160°. 
When cold, the melt was pulverized and extracted with boiling water. 
From the hot aqueous extract, colorless needles of ethoxalyl anthranilic 
acid separated on cooling, melting sharply at 184° (corr.). Yield, 27 grams. 
From the residue insoluble in water, 1.4 grams oxalyl dianthranilic acid 
were isolated. 

Oxalyl Dianthranilic Acid (Oxanilide Di-o-carbonic Acid), (i)HOOC. 
C e H 4 .NHCOCONH.C e H 4 .COOH(2). — That this acid is formed by heating 
together anthranilic acid and ethyl oxalate has already been noted by 
Mauthner and Suida. 1 

We prepared it by heating 1 molecule of methyl or ethyl oxalate with 
2 molecules of anthranilic acid for half an hour to an hour at 140-155°, 
removing methoxalyl- or ethoxalyl anthranilic acid by extracting the 
crude product with boiling water and dilute alcohol. We also prepared 
it by dissolving anthranilic acid in dry benzene and adding oxalyl chloride. 
The reaction was violent, with evolution of copious fumes of hydrochloric 
acid, and the precipitate was purified by washing (digestion) with benzene 
and with alcohol. 

The purified products obtained by the above methods were identical. 
The substance is a white powder, decomposing at about 330° (uncorr.), 
and is insoluble in the ordinary neutral organic solvents. When freshly 
prepared from methyl oxalate, it seems to be appreciably soluble in al- 
cohol* But on standing becomes practically insoluble in it. 

Metiioxalyl Anthranil, OC.C e H 4 .N.COCOOCH 3 , — Methoxalyl anthranilic 
1 Loc> eU. 

777(18*3). 
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acid was boiled for several minutes with excess of acetic anhydride arid 
the solution then concentrated to crystals. These crystals were pressed 
dry on a porous plate and recrystallized from dry benzene. They then 
melted sharply at 177.5 0 (corr.). As the methoxalyl anthranilic acid 
has a melting point very close to this (176.5 0 corr.), it was thought at 
first that we had only recovered the original substance unaltered, but 
on mixing with some of the methoxalyl anthranilic acid, the melting 
point was lowered to 150° (uncorr.). The pure dry substance gave the 
following figures on analysis : 

Calculated for C 10 H f O 4 N : N, 6 . 83. 

Found: N, 7.02. 

This anthranil crystallizes from dry benzene or acetic anhydride in 
pale brownish needles. It is very sensitive to moisture, being hydrolyzed 
to methoxalyl anthranilic acid by ordinary commercial absolute alcohol 
(99.8 per cent.) or by ordinary glacial acetic acid. # 

r 1 p > \ 

Ethoxalyl Anthranil , (i)OC.C fl H 4 .N.COCOOC 2 H 5 , was prepared in similar 

manner from the ethoxalyl anthranilic acid and acetic anhydride. Re- 
crystallized from acetic anhydride, it forms large, colorless plates, melting 
at 129-130° (corr.). Yield, 8: per cent, of the theoretical. 

Calculated for C u H b O«N : N, 6.40. 

Found: N, 6.67. 

In contrast with the above methyl derivative, this ethoxalyl anthranil 
is not very easily hydrolyzed. It may even be recrystallized from 
relatively dilute alcohol without suffering any extensive hydrolysis. 
Boiling water rapidly hydrolyzes it to the ethoxalyl anthranilic acid 
again. 

r 1 1 1 

Oxalyl Dianthranil, OC.C 6 H 4 .N.COCON.C fl H 4 .CO. — Five grams oxalyl 
anthranilic acid were boiled for three hours with excess of acetic anhy- 
dride, the solid changing from white to yellow. The insoluble material 
was filtered out and washed with acetic anhydride. Yield, 3.4 grams. 
For analysis, this crude product was boiled again for three hours with 
acetic anhydride, washed with the anhydride, and dried at no 0 . 

Calculated for C lfl H s 0 4 N.,: C, 65 . 75 ; H, 2 . 74; N, 9 . 59. 

Found: C, 65.20, 64.97, 65.81; It, 3.20, 2.87, 3.05; N, 9.98. 

The purified oxalyl dianthranil is a yellow powder, melting with de- 
composition at about 345 0 (uncorr.), and is insoluble in the ordinary 
neutral solvents. Boiling water slowly hydrolyzes it to anthraniBri 
and oxalic acids. It is readily hydrolyzed by hot concentrated hydro- 
chloric acid. 

4^Qmnazotone~2-carboxylic A cid faHydroxyqwnazdmfr&carboxylic 
Acid), HN.CO,CeH 4 .N * C.COOH 5^ C<OHJ;C*H 4 .N ~ C.COOH. 
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Ammonium Salt , C 8 H 6 ON 3 .COONH 4 , — Two grams ethoxalyl anthranil 
were added to a slight excess of ammonia dissolved in 95 per cent, alcohol. 
The anthranil dissolved with evolution of heat and a white precipitate 
suddenly separated. The mixture was heated to ioo°, the precipitate 
filtered out and washed repeatedly with 95 per cent, alcohol. Yield of 
this ammonium salt, nearly theoretical. 

Calculated for C 8 H # 0 3 N3: N, 20 . 28. 

Found: N, 20.26. 


The ammonium salt crystallizes from water in long silky colorless 
needles, melting at 229 0 (corr.) with evolution of ammonia and carbon 
dioxide. 

Free A cid. —Cold concentrated hydrochloric acid was added to the 
ammonium salt and then water. The free acid separated in a gelatinous 
condition and was crystallized from dilute alcohol. White silky needles 
resulted, softening at 227 0 and melting with evolution of carbon dioxide 
at 230° (corr.). The melt on cooling congealed in colorless needles, and 
re-melted at 214 0 (corr.). The melting point of 4-quinazolone (4-hy- 
droxyquinazoline) as found by different investigators is variously stated 
from 209 to 216.5°. 

Calculated for C^H^OgN/ N, 14 73. 

Found: N, 14. 97. 


The acid is easily soluble in hot alcohol, only slightly soluble in benzene, 
and very difficultly soluble in water. Boiled with mineral acids, it grad- 
ually loses carbon dioxide. 

In 1885, Griess 1 described a compound which he called “ carboxylcyan- 
amidobenzoyl,” and to w T hich he assigned the formula 


/ S '/ NH \>- COOH 


V\ co / 


N 


When this acid was heated, Griess found that it lost carbon dioxide giving 
another substance, w r hich he named “ carbimidamidobenzoyl ” and formu- 
lated thus 

/\/ NH \ch 

II . 

\/\ CO //N 

Subsequent investigations of Weddige, 2 Knape, 3 Bisehler and Burkart, 4 

1 Ber., 18, 2418 (1885). 

*/. prakt. Chem., [2] 31, 124 (1885). 

* ibid., 43, 227 
4 Ber., 26, 1349 (*893). 
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Niementovski, 1 and Bogert and Hand 2 showed that this “ carbimidamido- 
benzoyl” was the simple 4-quinazolone and should be foraulated . 


C,H, 


/ 


N :CH 


C,H 4! 


/ 

\r 


,N===CH 


4N \CO.Nh'' " " x C(OH) :N 
From this it follows that the formula for “ carboxylcyanamidobenzoyl ” 
should be written 

N===C.COOH . 

: c,h/ I 

>.NH x C(OH):N 

Reissert and Grube 3 * * * * 8 have recently obtained this same acid by the re- 
arrangement in dilute acid solution of o-cyanoxanilic acid, NC.C,H 4 . 
NHCOCOOH. 


/N : C.COOH 

^<0.! 


Griess describes his acid as crystallizing in leaflets, but gives no melting 
point. Reissert and Grube, like ourselves, obtained the acid in needles. 
They give a melting point of 201-202 °. We do not undefstand 
how they found so low a melting point, unless they did not recrystallize 
their product sufficiently. It does not appear from the article that they 
recrystallized their compouhd to constant melting point. 

Ethyl Ester , C 8 H r ,ON 2 .COOC 2 H 5 . — 1.5 grams ethoxalyl anthranil and 
0.42 gram urea were melted together at 125 °. The temperature was 
then raised slowly to 140-150° and kept there for an hour. The cold 
melt was extracted with alcohol, and from the alcoholic extracts on cooling 
a crystalline material separated which was filtered out, washed with 
water and dried. The same substance was obtained wfien ethoxalyl 
anthranil (1 gram) and urea (0.33 gram) were boiled together in alcohol 
solution. For analysis, the compound was recrystallized from alcohol 
and dried at iio°. 


Calculated for C N, 12,83. 

Found: N, 12.90. 

It crystallizes from alcohol in minute colorless needles, melting at 
185.5° (corr.), and is insoluble in water or in mineral acids. It dissolves 
easily in solutions of the caustic alkalies, but not in strong sodium car* 
bonate solution. Heated with aqueous ammonia, the ammonium salt 
of the acid (described above) results, apparently without any amide. 
That alcohol is split off by the action of alkalies was shown by the iodo- 
form test. 


3 - Methyl quinazolone - 2 - carbomeihylamide, CH 3 N.CO.C e H 4 .N — C. 

CONHCHj. — One molecule of ethoxalyl anthranil was added to an aqueous 

solution of slightly more than 2 molecules methylamine, and the solution 

1 /. prakt. Chem., [2) §x, 564 (1895). 

9 Journal, 24, 1048 (1902). 

1 J&sr., 42, 3713 and 37x5 (1909). 
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concentrated to small bulk. On standing several days, beautiful pale- 
rose prisms separated, melting sharply at i6o° (corr.). They were dried 
at iio° and analyzed : 

Calculated for C n H u OjN,: N, 19 .35. 

Found* N, 19.51. 

The compound is very soluble in water ; much less soluble in alcohol. 

1 1 

Methyl 3-Phenyl-4-quinazolone-2-carboxylate } C 6 H 6 N.CO.C fl H 4 .N = C. 
COOCH3. — 0.5 gram methoxalyl anthranil was mixed with a slight excess 
of aniline and the mixture heated carefully with the naked flame. As 
soon as the boiling commenced, the flame was removed and the action 
allowed to continue without further heating. Water was evolved and, 
on cooling, the mixture solidified. It was extracted with dilute alcohol, 
and from this extract small colorless plates separated on cooling, m. 
p. 203.5 0 (corr.) with previous softening in the neighborhood of about 
120 0 (uncorr.). The yield was very poor. For analysis, the compound 
was recrystallized from dilute alcohol and dried at 1 io°. 

Calculated for C ie H 12 O a N 2 : N, 10.0. 

Found: N, 9.78. 

The ester is easily soluble in alcohol, but very slightly soluble in water. 
Heated with excess of aniline, it gives a difficultly soluble compound, 
probably similar to the anil described beyond. 

Ethyl 3-Phenyl- 4~quinazolonc-2-carboxylale, C 14 H 9 ON 2 .COOC 2 H 5 . — 0.5 
gram ethoxalyl anthranil was heated for a few minutes with excess of 
aniline, and the mass then cooled and extracted with 95 per cent, alcohol. 
Colorless plates separated from the alcoholic extract on cooling. 

Calculated for C 17 H 14 O a N 8 : N, 9.50. 

Found: N, 9.40. 

This ester melts at 160° (corr.). It is but slightly soluble in water, 
easily soluble in alcohol. In cold potassium hydroxide solution, it is 
apparently insoluble, but dissolves on warming. It is not hydrolyzed 
readily by hot concentrated hydrochloric acid. 

Ethyl 3- Phenyl-4- phenyliminoquinazoline-2-carboxylate, 

C f H 6 N.C( : NC,H 6 ).C e H 4 .N - C.COOC 2 H 6 .— This anil is obtained simul- 
taneously with the above ester from the interaction of ethoxalyl anthranil 
and excess of aniline. If the heating is continued many minutes, the 
yield of anil is good. It can be separated easily from the keto ester by 
its insolubility in alcohol. For analysis, it was washed repeatedly with 
hot alcohol and dried at no 0 . 

Calculated for C tt H 19 0 9 N s : N, 11.36. 

Found: N, 11,40. 

It is a colorless crystalline powder, insoluble in water and in all the 
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ordinary neutral organic solvents* It melts with effervescence at 291 6 
(corr.). 

Ethyl 3- [ 3 - Naphthyl- 4- ( 3 - naphthyliminoquinazoline-2-carboxylate , 

C, 0 H 7 N.C( : NC 10 H 7 ).C 8 H 4 .N - C.COOC 2 H 5 .— 0.5 gram ethoxalyl anthra- 
nil and 0.5 gram /?-naphthylamine were carefully melted together, and 
the temperature then gradually raised to the boiling point. The melt 
was allowed to cool, and was then thoroughly extracted with 95 per cent, 
alcohol. The insoluble residue was dried at no° and analyzed. 

Calculated for N, 8.95. 

Found: N, 8.83. 

It is a grayish crystalline powder, insoluble in water, ethyl or amyl al- 
cohol, acetone or benzene, and melts to an amber liquid at 253-4 0 (corr.). 

r ) 

Ethyl 3- Anilino-4-quinazolone- 2-carboxylatc CO . — C. 

COOC 2 H 6 . — An equimolecular mixture of ethoxalyl anthranilic aci€ and 
phenylhydrazine was heated to boiling. Water was evolved, but there 
was no* evidence of any alcohol being given off. On cooling, a clear 
amber glass resulted. This was crystallized from alcohol, and the crystals 
obtained washed with dilute alcohol. Recrystallized from alcohol, 
long lemon-yellow needles were obtained, melting at 142 0 (corr.). 

Calculated for C 1T H ia 0 8 N 3 : N, 13.58. 

Found: N, 13.65. 

The compound is insoluble in water, but dissolves readily in alcohol, 
benzene or acetone, giving bright yellow solutions. It is insoluble in cold 
solutions of caustic alkalies, but dissolves on heating. It does not dissolve 
in dilute mineral acids. 

Sym, Di~ (3-amino- 4- quinazolone-2-carboxylic Acid) H y dr azide } 

H 2 NN.CO.C 6 H 4 .N - C.CONHNHCO.C - N.C 0 H 4 .CO.NNH 2 .— One gram 
of hydrazine hydrate (in 50 per cent, aqueous solution) was diluted with 
95 per cent, alcohol, 2 grams ethoxalyl anthranil gradually stirred in, 
and the mixture heated to boiling. The undissolved substance turned 
light yellow. It was filtered, out and the yellow filtrate on standing de- 
posited an additional amount of this same yellow amorphous material. 
It is slightly soluble in the ordinary neutral organic solvents, and melts 
at 157-158 0 (corr.) with loss of ammonia, thereby becoming insoluble 
and infusible. Yield, 2.1 grams. For analysis, it was recrystallized 
from a large, volume of absolute alcohol, and dried at no°. 

Calculated for N, 37.60. 

Found: N, 27.91. 

Treated with acetic anhydride, a thick sirup resulted which defied all 
attempts to crystallize or purify it. 
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The same hydrazide was produced when metboxalyl anthranil was used 
instead of the ethoxalyl compound. Varying the proportions of anthranil 
and hydrazine did not appear to affect the result. 

r 1 

2-Carbazino- 3-amino- 4- quinazolone.) H 2 NN.CO.C 6 H 4 .N = C.CONHNH 2 , 
was obtained from its hydrochloride (see below) by dissolving the latter 
in water, adding potassium hydroxide solution to alkalinity and then 
acidifying with acetic acid. The precipitated free base was washed with 
water and crystallized from dilute alcohol acidified with acetic acid. 
Beautiful transparent plates were obtained, carrying water of crystalliza- 
tion. This water of crystallization was driven out at 100-110°, and 
the crystals then became opaque and melted at 202.5 0 (corn). 

Calculated for CgH a O t N A : N, 31 .96. 

Found: N, 31.70. 

The substance is appreciably soluble in water and easily soluble in 
alcohol. When once dissolved, it does not separate again readily, and 
the loss on recrystallization is therefore considerable. A small amount 
tends to precipitate in an amorphous state. 

Hydrochloride , C fl H 8 0 2 N 6 .3HCl.- -One gram ethoxalyl anthranil was 
added to an aqueous solution of half a gram hydrazine hydrate diluted 
with 95 per cent, alcohol, and the mixture heated to boiling. The above 
sym. diquinazolone hydrazide (m. 1 5 7— 158°) separated. Without 

removing the latter, concentrated hydrochloric acid was poured in and 
the mixture again boiled. The colorless hydrochloride which separated 
was washed with 95 per cent, alcohol. Yield, 0.8 gram. For analysis, 
it was recrystallized from a mixture of dilute hydrochloric acid and 
alcohol, washed with alcohol, and dried at no 0 . 

Calculated for CgHgOgN^HCl: N, 21.43. 

Found: N, 21.97. 

It is freely soluble in water, but insoluble in most of the ordinary organic 
solvents, and melts at 190-191° (corr,). From strong hydrochloric 
acid, it crystallizes in colorless needles. As this monohydrazide is pre- 
sumably formed by the hydrolysis of the dihydrazide which first sepa- 
rated, there should be produced simultaneously the 3-amino-4-quinazo~ 
lone-2 -carboxylic acid, but we have been unable to isolate any such 
compound from the mother liquors. 

Acetyl Derivative , CH 3 CONHnWc 6 H 4 .N - C.CONHNHCOCH s .— 0.8 
gram ' 2-carbazino-j-amino-4-quinazolone hydrochloride and 0.6 gram 
fused sodium acetate were added to an excess of acetic anhydride and the 
solution boiled down to small bulk. More acetic anhydride was then 
added, the precipitated salt (NaCl) filtered out, and the filtrate boiled 
down twice more with acetic anhydride, finally carrying the evaporation 
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to dryness. The residual clear amber glass was dissolved in 95 per dent, 
alcohol, the solution concentrated and benzene added. The acetyl 
derivative separated in a fine yellowish powder, and was washed thor- 
oughly with benzene and dried. Yield, 0.35 gram. 

Calculated for C„H„ 0 4 N 8 : N, 23.10. 

Found: N, 23.16. 

The pure substance melts at 125 0 (corr.). It is easily soluble in water, 
alcohol or chloroform, but does not crystallize well from these solvents, 
evaporation of the solvent leaving finally a clear glass. On long boiling 
with benzene, small transparent plates were obtained, carrying benzene 
of crystallization. 

Attempts to eliminate water from this compound and condense the 
side chains to a cycle proved unsuccessful. > 

Nbw York, N. Y. 

PREPARATION OF CHOLINE AND SOME OF ITS SALTS. . 

By R. R. rbnshaw. 

Received November 1 2 , 1909. 

In connection with some work on the bactericidal properties of lecithins 
the author had occasion to prepare some of the salts of choline. In 
looking through the literature it was found that the choline used in recent 
investigations was prepared and isolated by methods which it was thought 
might be simplified. 

Wurtz in 1867 1 prepared choline by heating trimethylamine with an 
excess of ethylene chlorohydrin, and later (1868) he and also Griess and 
Harrow 2 (1885) obtained it by the action of a concentrated solution of 
trimethylamine on ethylene oxide. The products were purified by means 
of the gold salt. 

Later investigators have used different procedures or new methods. 
In 1889 Bode 8 made choline by the prolonged action of dilute nitric acid 
on bromomethyltrimethylamine bromide which he had made from ethylene 
bromide by Hofmann’s method. No yield was given. Gulewitsch in 
1898 4 in an extended article on choline described its preparation in quan- 
tity by a modification of Wurtz’s method. Redistilled anhydrous ethyl- 
ene chlorohydrin in large excess was heated with a 1 5-20 per cent, solution 
of trimethylamine in absolute alcohol for 24 hours in a water bath. The 
choline from the resulting slightly acid solution was separated partly 
as the mercuric, and partly as the platinic chloride double salts. Yield, 
61 per cent. Kruger and Bergell in 1903 5 got choline by the action of 

1 Compt. rend., 65, 1015; Ann. Spl., 6, 116. 

2 Ber. f x8* 707 (1885). 

* Atm., 267, 268. < 

4 Z* physiol. Chetti., 24, 509. 

• B«r., 36, 2901. 
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water on bromocholine bromide at 160 0 for 4 hours. No yield given. 
A large number of investigators have prepared choline from egg lecithin. 
For the most part these later methods are either tedious or give poor 
yields or both. 

The author has found that a practically quantitative yield (97.3 per 
cent.) of choline chloride can be obtained by the following method. Four- 
teen grams of freshly distilled anhydrous ethylene chlorohydrin were placed 
in a bomb tube cooled to — 12 to — 20° (saturated salt solution and 
snow). Trimethylamine, generated by dropping a concentrated solution 
of its hydrochloride (18 grams) on solid sodium hydroxide, was passed 
through a U-tube containing solid potassium hydroxide and then through 
a freezing bath into the ethylene chlorohydrin contained in the bomb 
tube. If the amine hydrochloride was added slowly, practically complete 
condensation ensued. After all the hydrochloride had been added the 
generating flask was warmed gently and air passed through slowly. The 
tube was then sealed and heated two hours at 80-90° when the contents 
had completely crystallized. On opening the tube after a further two 
hours’ heating there was a little pressure due to a slight excess of trimethyl- 
amine. The contents, composed of perfectly white, well-formed crystals, 
were washed a number of times with dry ether, and allowed to stand for 
some time in a vacuum desiccator. The product so obtained, while 
sufficiently pure for most purposes, still contained too high a percentage 
of chlorine — probably due to a slight amount of ethylene chlorohydrin 
held mechanically in or on the crystals. A pure product was obtained 
by dissolving in absolute alcohol and adding ether gradually until com- 
plete precipitation was obtained. The fine white needle crystals were 
filtered, washed with ether, and dried in a vacuum. 

Choline Acetate was prepared by neutralizing an aqueous solution of 
the base (obtained by the action of moist silver oxide on choline chloride) 
with acetic acid. Very long evaporation under high vacuum at 50° and 
cooling caused the product to crystallize to a fan-shaped mass of needle 
crystal. These were extremely hydroscopic, and practically insoluble 
in carbon disulphide, benzene, petroleum ether, acetone and ethyl ether; 
very soluble in alcohol and water. Choline acetate is very easily hy- 
dtolysKfed. 

Choline Sulphate, (H 0 CH a CH 2 N(CH 3 ) 8 ) 2 (S 0 4 ), prepared by the action of 
silver sulphate on choline chloride, separates from a very concentrated 
aqueous solution in short needles. The salt was purified by evaporating 
to dryness under high vacuum at 50-1 00 0 (almost no decomposition 
occulted), dissolving in alcohol, filtering, adding petroleum ether and 
refrigerating. Perfectly white well-formed needle crystals separated 
Ojttt These were practically insoluble in carbon disulphide, ether, ben- 
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zene and petroleum ether; easily soluble in alcohol and water. The 
sulphate is fairly hydroscopic. 

Calculated for (H 0 CH 2 CH 2 N(CH 8 ) 3 ) 2 S 0 4 : S, 10.52 per cent. 

Found: S, 10.63, 10.77 P*r cent. 

Choline Dihydrogen Phosphate , HOCH^CH 2 N (CH 3 ) 3 H 2 P 0 4 . — On agita- 
ting a concentrated solution of choline chloride with silver phosphate and 
filtering from the excess of silver phosphate and silver chloride, a very 
basic solution was obtained, indicating that the tricholine phosphate 
was largely hydrolyzed. A dilute solution of phosphoric acid was added 
to permanent acidity. The ratio of phosphate ions to the choline was 
then practically 1:1. The solution was evaporated under high vacuum 
at 80-90° to a horny mass. The product was purified by extracting 
with boiling absolute alcohol in which the phosphate is slightly soluble. 
By this means beautiful, long white, fairly hydroscopic needle crystals 
were obtained, which were practicably insoluble in benzene, carbon 
disulphide, petroleum ether, acetone and ethyl ether; slightly ^soluble 
in alcohol; very soluble in water. After washing in ether and drying in 
a vacuum desiccator the product was analyzed. 

Calculated for HOCHjjCHjiNCCHaJaHaPO*: P, 15.42 per cent. 

Found: P, 15 .48 per cent. 

The chemistry of the choline derivatives is being further investigated 
by the author. 

Wbblbyan university, Middletown, Conn 

BACTERICIDAL PROPERTIES OF LECITHINS AND CHOLINE 

SALTS. 

By R. R. Rxnshaw and K. N. Atkins. 

Received November 22 , 1909. 

There is some disagreement in the literature concerning the bactericidal 
properties of lecithins. The existence of cobra lecithides, the speculation 
regarding a possible relation between lecithin and the amboceptors, 1 and, 
among others, the fact that such a product as fresh milk, containing cer- 
tain amounts of lecithins, has some germicidal constituent, gives interest 
to the problem in question. . In view of this the authors have attempted 
to determine what influence, if any, lecithins might have upon the 
growth of some of the more common organisms. Along with this, since 
it is possible that the presence of a decomposition product, i. e choline, 
might have been responsible for the disagreement, a few of its salts were 
prepared and their bactericidal properties determined. 

The procedure was as follows: Pure cultures of the different organ- 
isms were grown at room temperature for about twelve hours in an or- 
dinary broth medium. One loopful of this was transferred to a flask, con- 

1 Kyes, Z. physiol Chom. t 41, 273. 
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taining about 50 cc. of the same kind of medium. After a thorough 
shaking this second broth culture was divided among small bottles hold- 
ing 9 cc. of the medium. In the experiments on milk the raw fresh 
product was used. To the different bottles of the culture or milk 1 cc. of 
a 4 per cent, emulsion of lecithin or 4 per cent, solutions of the different 
choline salts were added. One bottle was used as a control. After the 
organisms had developed 12 hours, 1 cc. of the medium was with- 
drawn from each bottle by means of a sterile pipette and transferred to 
sterile water blanks of either 9 or 99 cc., making a dilution of 10 or 100. 
The water blanks were then thoroughly shaken and if higher dilutions 
were to be used, as was true in most cases, 1 cc. of the diluted culture 
was transferred to a second water blank and again thoroughly shaken. 
In this way the proper dilution was reached. Anticipating from other 
experiments the approximate number of bacteria which would develop 
under given conditions the dilution was so calculated as to allow accurate 
counting of the plates. Knowing that the number of bacteria in milk 
kept for 24 hours at 19 0 would be large (in fact the product was almost 
sour) the dilution here used was as high as 1,000.000. In all cases 1 cc. 
of this finally diluted culture was plated out in agar, incubated for 24-48 
hours at 37 0 and counted. The agar medium used contained 1.2 per 
cent, agar-agar and its acidity was equivalent to 1 per cent, normal add. 

Commercially pure samples of lecithins were repurified by several pre- 
cipitations from alcoholic solutions by means of acetone and subsequent 
drying in a vacuum desiccator. The concentration of the emulsions was 
low, about 0.4 per cent. This, however, is greater than is usually found 
in biological fluids. 

With some of the organisms, especially typhoid, a large number of 
series were made. The following tables are composed of representative 
determinations. The figures in each are the average counts of ten to a 
dozen plates. 

In several series the organisms were plated out after incubating 6 or 
24 hours. It was found, however, that a twelve-hour period was the best. 


B. LACT1S AEROGENBS. 

ia°. 19 0 . 

o hr*. 12 hr*. o hr*. ia hr*. 

X XOOO. X 1000. X 1000. X 1000. 

Control 5.0 8.0 2.5 140.0 

Lecithin 5.0 7.0 2.5 135.0 

Choline chloride 5.0 8.7 2.5 128.0 

Choline phosphate — 5.0 5.4 2.5 132.0 

Staph, pyogenes albus. 

Control 1.4 7 -o x.3 15*0 

Lecithin 1.4 6.0 1.3 12.0 

Choline chloride 1.4 6.0 1.3 14.0 

Choline phosphate 1.4 5.0 1.3 #7*0 
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Milk. 

12°. 19 0 . 


r 

0 hr*. 

12 hr*. 

0 hr*. 

12 hr*. 


X IOOO. 

X IOOO. 

X IOOO. 

x xooo. 

Control 

• . 15.0 

160.O 

120.0 

112,000.0 

Lecithin 

... 15.0 

160.O 

120,0 

95,OOQ.O 

LppJthin (2) 

. . . 15.0 

100.0 



Choline chloride 

. . . 15 0 

140.0 

120.0 

104,000.0 

Choline phosphate 



120.0 

108,006.0 


COLI. 




Control 

. . 6.0 

9.0 

20.0 

4,000.0 

Lecithin 

. . . 6.0 

7.0 

20.0 

2,400 0 

Choline chloride 

... 6.0 

10. 0 

20.0 

3,500.0 

Choline phosphate 

. . . 6.0 

9.0 

20.0 

3,200.0 


Typhoid. 




05 °). 



Control 

. . 23.O 

290.0 

4.8 

i 37 *o 

Lecithin 

.. 23 -° 

260.0 

4.8 

113;* 

Choline chloride 

. . 23.O 

270.0 

4.8 

105.0 

Choline phosphate 

.. 23.O 

270.0 

4.8 

127 .0 


As indicated in the tables, there is, in general, a varying retardation in 
the development of bacteria in the cultures containing lecithins, dlthough 
this is not marked in some cases. In fact, in looking over the records of 
individual plates, it was found that in about io per cent, of Over two 
hundred plates no change at all was shown, or there was a very flight in- 
crease in the development. Nevertheless, we are inclined to attribute 
slight bactericidal properties to lecithins at these dilutions, although for 
practical purposes this is negligible. 

In general an effect by choline salts was less frequently observed and 
with them the diminution was less marked. 

Wesleyan University, Middletown, Conn. 

Department of Chemistry. 


[From the Division or Chemistry, Hygienic Laboratory, U. S. Public Health 
and Marine Hospital Service, Washington, D. C.]. 

FURTHER STUDIES ON THE APPLICATION OF THE VOUBLARD 
METHOD TO THE ESTIMATION OF ALKALOIDS. 

By Elia* Blvove. 

Received November 15, 1909. 

It has been pointed out by the writer 1 that the difficulty experienced 
by many workers in obtaining suitable indicators in the alkalimetric 
estimation of alkaloids and the necessity for using a comparatively large 
number of such indicators, each more or less suitable to one or only a 
few alkaloids, may be completely overcome if we adopt the very simple 
modification of the usual procedure and substitute hydrochloric abid as 
> Ball. 54, Hyg. Lab., U. S. Pub. Health and M*r. Bo*p, Serv., W«A 
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the Solvent for the alkaloid instead of sulphuric acid which is usually 
employed . 1 That is, instead of dissolving the isolated free alkaloid in a 
measured excess of sulphuric acid and determining the excess of acid 
with the aid of the indicator best suitable for that particular alkaloid, 
the latter is dissolved in an excess of hydrochloric acid and the excess of 
acid got rid of by simple evaporation on the water bath, thus obtaining 
a salt of the alkaloid which, as long pointed out by Plugge 2 and others, 
may in many cases be estimated with the aid of phenolphlhalein as indi- 
cator and hence indirectly also the amount of alkaloid. Further, that 
by thus converting the alkaloids into their hydrochlorides it becomes 
possible to estimate the alkaloids indirectly through a determination of 
the chlorine by the beautiful and exact Volhard method. In this way, 
in addition to avoiding the necessity for using a comparatively large 
number of different indicators, each more or less suitable to one or only 
a few alkaloids, we are supplied with a means for estimating such alkaloids 
as do not react very sharply with any of the indicators thus far studied. 
Thus of the eleven different indicators which Kippenbeger studied , 8 
namely, lacmoid, iodeosine, uranin, cochineal, azolitmin, haematoxylin, 
methyl orange, ethyl orange, phenolphthalein, alkannin, and Congo 
red, the only ones which he found to lend themselves in any way for 
use in the titration of quinine were azolitmin and haematoxylin. The 
applicability, however, of azolitmin to quinine titrations is denied by 
Rammstedt ; 4 while the misleading results obtainable when haematoxylin 
is used as indicator in titrating cinchona alkaloids may be seen from the 
results obtained by Hille , 5 who states that under circumstances which 

1 See U. S. Pharmacopoeia (1905), pp. 28, 67, 107, 143, 146-7, 197, 200, 300, 340, 
344. Kippenberger, Z. anal . Chetn ., 39, 201-229 (1900). Kebler, This Journal, 
*7, 822-831 (1895). 

* Arch . Pham., [3] 25, 45-59 (1887). 

* Loc . cit, 

4 Apoth. Zeit ., 22, 1117 (1907). 

■ Arch . Pharm 241, 106 (1903). Hille expresses himself in this connection as 
follows: “Da angenommen wird, das 50 g. genau 2 / a der Chloroform- Aether-Flussigkeit 
ist, sofkn zur Bindung der Alkaloide 1,3 cm. Saure verbraucht sein, Der Endpunkt 
der Titration ist nun aber bei Anwendung von Haematoxylin als Indicator sehr 
schwierig zu erkennen. Ich habe viele Dutzend Titrationen mit Haematoxylin als 
Indicator auszufdhren versucht, Es ist menials mit Sicherheit zu sagen: Jetzt ist 
der FWbenumschlag eingetreten. Man wird im allgemeinen bei Anwendung von 1/10 
NormallOsungen innerhalb eines ganzen Kubikzentimeters im Zweifel sein, ob der 
FnibVtturqschlag eingetreten ist Oder nicht. Nimmt man jedoch den Punkt als richtig 
an, wo cben die Fliissigkeit anfangt, die Far be etwas zu ver&ndern, so bekommt man 
yiel m niedrige Resultate, wie ich mit reinen Alkaloiden nachgewiesen habe. Von 
dieser ersten Farbenanderung an andert sich mit jedem Tropfen 1/10 Normal-Kalilauge 
dteF&rbung etwas, so dass man immer im Zweifel ist, wann der richtige Punkt einge- 
treten 1 st. Titrationen welche ich mit reinen Alkaloiden ausfdhrte, ergaben Resultate 
von £5-115 par oent. der angewandten Menge.' 1 
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should require 1.3 cc. of 0.1 N acid, one may be in doubt a& to the end 
reaction to the extent of making an error equivalent to a whole cubic 
centimeter of the 0.1 N solution, which would make the error about 77 
per cent. It is probably owing to this apparent lack of a suitable indicator 
in titrating cinchona alkaloids that the U. S. Pharmacopoeia (1905), at 
present official, recommends a gravimetric process in all assays 1 where 
these alkaloids are involved, although it is a recognized fact* that the 
alkaloidal residues obtained in the course of assay frequently Contain 
considerable neutral non- alkaloidal matter, and hence, probably on this 
account, titration with standard acid is recommended in the cases of most 
of the other pharmacopoeial alkaloidal assays. Finally, it was pointed 
out 8 that such procedure applied to the alkaloids would also conclusively 
show the exact relative acidity of the various alkaloids and the apparent 
uncertainty 4 as to the exact relative acid-combining power of such alka- 
loids as quinine and strychnine, for example, would be entirely cleqped up. 
Recently, Poirrier blue has been recommended by Beckurts and Ruflne 5 
as a better indicator than phenolphthalein in the titration of the salts 
of such alkaloids as cocaine and also that in certain cases phenolphthalein 
may be used to better advantage as an indicator if the titration be carried 
out on an alcoholic solution of the alkaloidal salt instead of the tqueous 
solution, so that the means for estimating the salts of the alkaloids are 
still further increased and hence also the advantages of converting the 
alkaloid into a salt for the purpose of indirectly estimating the alkaloid. 
However, all these advantages, important as they may be, are neverthe- 
less much more limited in practical application than appears to be the case 
with the application of the Volhard method for this same purpose. For 
as pointed out by Plugge 8 and as may be seen from the tabulated results 
given in the subsequent part of this paper, phenolphthalein does not in 
all cases afford the means for close quantitative estimation, so that in such 
cases the results thus obtained are of approximate value only and serve 
chiefly in indicating about how much standard silver nitrate it will be 
necessary to add in the subsequent estimation by the Volhard method. 
On the other hand, the procedure involving the Volhard method affords 
also the additional advantage of permitting the estimation to be carried 
out even where it is impossible .or difficult to obtain a colorless solution 
of the alkaloidal residue or its salt — an occurrence which is quite frequently 
met with in alkaloidal assaying — since by converting the estimation of 
the alkaloid into a simple determination of the chlorine in sodium chloride 

1 XT* S. Pharmacopoeia (1905), pp. 156, 174, 4 62. 

* See Kebler, This Journal, 17, 830-831 (1895). 

* Loc. cit. 

4 See Schirapf, "Manual of Volumetric Analysis,” 5th ed., pp, 502, and 498. Also 
tables of equivalents in U. S. Pharmacopoeia (1905), pp. 555 f 567, 588. 

„ * Apotk. Ztg. (Berlin), 24, 662-863 (1909)* * 1 
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which is what the procedure here described practically amounts to, we 
are no longer dependent on the alkaloidal properties of the alkaloid and 
hence where its presence interferes it usually may be got rid of by adding 
sufficient alkali to unite with all of the hydrochloric acid in the solution 
and filtering off the precipitated alkaloid; or the alkaloid, as well as other 
organic coloring matter may be got rid of by gentle ignition of the residue 
obtained on evaporating the solution containing the metallic chloride 
or the measured excess of standard silver solution. In the previous 
work 1 along this line, it was shown that this procedure is applicable to 
the alkaloids quinine, quinidine, cinchonine, cinchonidine, and strychnine. 
Now the results obtained with eight more alkaloids which are frequently 
met with commercially, namely, the alkaloids cocaine, morphine, codeine, 
narcotine, atropine, hydrastine, pilocarpine, and brucine, are presented. 

General Mode of Procedure. 

Solutions of the respective alkaloids in hydrochloric acid of approxi- 
mately half-normal strength were carefully prepared so as to make the 
solution of fiftieth molar strength (one-fiftieth of the molecular weight in 
grams per liter) with respect to the alkaloid. Varying amounts (5 to 50 cc.) 
of these solutions were transferred into porcelain evaporating dishes 
and the latter with their contents placed on the water bath, where they 
were allowed to remain until the liquid had completely evaporated. 
To each residue there were then added 5 cc. of alcohol (99 per cent.), 
with which it was thoroughly stirred and mixed, and the liquid again 
allowed to completely evaporate on the water bath, when this treatment 
with 5 cc. of alcohol was repeated. In the case of the alkaloids previously 
studied, the remaining excess of hydrochloric acid was gotten rid of by 
simply allowing the residue to remain on the water bath three hours 
after the liquid had completely evaporated. This latter mode of getting 
rid of the remaining excess of hydrochloric acid while requiring a longer 
time than the alcohol treatment is nevertheless simpler in some respects 
since it requires practically no attention The chief reason, however, 
for adopting here the alcohol treatment is because it was found that 
in the case of some of the alkaloids (e. g., cocaine) considerable of the 
combined hydrochloric acid is lost if the former procedure is applied. 
After the second evaporation with the alcohol, the residue was taken up 
with distilled water (usually io cc.), phenolphthalein added, and the 
acidity of the solution titrated with o.i N sodium hydroxide. Wherever 
precipitation occurred on addition of the alkali, the precipitated alkaloid 
was filtered off, washed with small amounts of water until on testing a 
drop of the filtrate with silver nitrate it was shown to be free from chlorine, 
afid the chlorine in the solution determined by the Volhard method. 
TW latter was carried out as follows: The solution was diluted to about 
1 hoc, cti* , ’* ' 
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70 cc. with distilled water, then acidified by adding 5 cc. of dilute (10 
per cent.) nitric acid, and followed by a measured amount of standard 
silver nitrate solution which was a little (2 cc.) in excess of that theoret- 
ically required. The whole was then made up to a definite volume 
(100 cc.), filtered through a dry filter, and an aliquot portion ^50 cc.) 
of the filtrate taken for the determination of the excess of silver remaining 
in solution. The filtering off of the precipitate which usually . forms 
on adding the standard alkali is in most cases unnecessary but was here 
carried out with all the alkaloids in order to make the procedure more 
nearly uniform in all cases. With the comparatively larger amounts 
of brucine the color developed in the solution on addition of the nitric 
acid interferes in the subsequent determination of the excess silver. Hence 
in those cases an aliquot portion was evaporated to dryness on the water 
bath, the residue ignited, then taken up with hot dilute nitric acid and 
the excess of silver in the solution determined by means of standard 
thiocyanate in the usual way. The results obtained are given in *the 
following tables. 

Cocaine . — A 0.02 M solution of cocaine in dilute hydrochloric acid 
of approximately half-normal strength was prepared, containing 1.2 12 


grams cocaine, C 

lyHjjNO*, in 

200 CC. 

The results obtained with this 

solution are given 

in Table I. 




Table I. — Effect of Varying the Amount of Cocaine on the Constancy of the 

PjfcOPORTION OF HC 1 IN THE ALKALOIDAL RESIDUE. 

0.02 M cocaine 

0.1 N NaOH 

0.1 N AgNO« 

Amount of 

Theory for 

taken. 

required. 

required. 

HCl found. 1 

C17H111NO4.HCL 

Milligrams. 

cc. 

cc. 

cc. 

Milligrams. 

5 

O.85 

O.96 

3-40 

354 

10 

2 .OO 

2.00 

7.09 

7.09 

20 

4.20 

4. ZO 

1453 

14.18 

30 

6.25 

5.96 

21.13 

21.27 

40 

8.45 

7.90 

28.00 

28.36 

50 

II.60 

IO.24 

36 .3° 

35 45 

Morphine . — A 0.02 M solution of morphine in dilute hydrochloric add 

of approximately half-normal 

strength 

was prepared, 

containing 1,140 

grams morphine, C 17 H 1& N 0 8 , in 200 cc. 

The results obtained with £his 

solution are given in Table IX. 




Table II. — Effect of Varying the Amount of Morphine on 

8 

1 

1 

1 

the Proportion of 

HCl in the Alkaloidal Residue. 

0.0a M morphine 

0.1 N NaOH 

0.1 N AgN 0 « 

Amount of 

Theory for 

taken. 

cc. 

required. 

cc. 

required. 

cc. 

HCl found. 
Milligrams. 


5 

0.70 

1 .00 

354 

3*54 

16 

I.40 

2 .00 

1 7-09 

7.09 

20 

3.82 

4.02 

14. *S 

14.18 

30 

V80 

5.96 

21.13 

21.37 

40 

7.80 

8,00 

28.36 

28.36 , 

, 50 

9.80 

10.00 

35*45 

$ 5 * 4 $ 


, i - - w 

1 Alt Calculations were based on the amount of N/10 AgNO t required* 
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Codeine. —A 0.02 M solution of codeine in dilute hydrochloric acid 
of approximately half-normal strength was prepared, containing 1.196 
grams codeine, C 18 H 21 NO s , in 200 cc. The results obtained with this 
solution are given in Table III. 


Table III. — Effect of Varying the Amount of Codeine on the Constancy of the 
Proportion of HC 1 in the Alkaloidal Residue. 


0.0a M codeine o.i N NaOH 
taken. required, 

cc. cc 

0.1 N AgNO« 
lequired. 
cc. 

Amount of 

11 Cl found. 
Milligrams. 

Theory for 
CigHyiNOa.HCl. 

Milligrams. 

5 

0.70 

1 00 

3-54 

3 -54 

10 

i -35 

2 00 

7.09 

7.09 

20 

2.85 

3 - 9 <* 

14.04 

14.18 

30 

4.40 

5 - 9 <> 

21.13 

21 .27 

40 

5 - 9 ° 

8.00 

28.36 

28.36 

50 

7.40 

9.98 

35-38 

35-45 

Narcotine . — A 0.02 M solution of narcotine in dilute hydrochloric acid 

of approximately 

half-normal strength 

was prepared, 

containing 1.652 

grams narcotine, C 22 H 33 N 0 7 , 

in 200 cc. 

The results obtained with this 

solution are given 

in Table IV. 



Table IV. — Effect of Varying the Amount of Narcotine on the Constancy of 

the Proportion of HC 1 in the 

Alkaloidal Residue. 

0 07 M narcotine 
taken, 
cc. 

0.1 N NaOH 
required, 
cc. 

0.1 N AgNOi 
required, 
cc. 

Amount of 
HC 1 found. 
Milligrams 

Theory for 
C»H 23 N 0 7 .HC 1 . 
Milligrams. 

5 

0 95 

I .OO 

3-54 

3-54 

IO 

I -95 

2 .OO 

7.09 

7.09 

20 

4.10 

4.OO 

14.18 

14.18 

30 

6.10 

5-98 

21.20 

21.27 

40 

8.20 

7-94 

28.15 

28.36 

50 

10.35 

9-85 

34-92 

35-45 


Atropine . — A 0.02 M solution of atropine in dilute hydrochloric acid 
of approximately half-normal strength was prepared, containing 1.156 
grams atropine, C 17 H M NO s , iri 200 cc. The results obtained with this 
solution are given in Table V. 

Table V. — Effect of Varying the Amount of Atropine on the Constancy of the 
Proportion of HC 1 in the Alkaloidal Residue. 


0.0a M atropine o.i N NaOH 
taken. required, 

cc. cc. 

0.1 N AgNOs 
required* 
cc. 

Amount of 
HC 1 found. 
Milligram*. 

Theory for 
C 17 HmNO*.HC 1 . 
Milligrams. 

5 

O.IO 

1 .02 

3-62 

3-54 

xo 

0,20 

2 .OO 

7.09 

7.09 

20 

0.80 

4.00 

14.18 

14.18 

30 

x .10 

5.96 

21.13 

21 .27 

40 

3.60 

8 02 

28.43 

28.36 

50 

530 

9.85 

34*92 

35-45 

fflydtastine- 

-A 0.02 M 

solution of hydrastine in dilute hydrochloric 


of approximately half-normal strength was prepared, containing 
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1.532 grams hydrastine, C 2 ,H 21 NO #1 in 200 cc. The results obtained 
with this solution are given in Table VI. 


Table VI. — Effect of Varying the Amount of Hydrastine on the Constancy of 
the Proportion of HC 1 in the Alkaloidal Residue. 


o.oi M hydrastine 
taken. 

cc. 

0.1 N NaOH 
required, 
cc. 

0.1N AgNOjj 
required, 
cc. 

Amount of 
HC 1 found. 
Milligrams. 

Theory for 
C w H«NO e .HCl. 
Milligram*. 

5 

1 .00 

O.98 

3-47 

3-54 

10 

2.03 

2.00 

7.09 

7.09 

20 

4.10 

398 

14.11 

14.18 

30 

6.15 

5 96 

21.13 

21.27 

40 

8.25 

8.04 

28.50 

28.36 

50 

IO.50 

9.90 

35 i° 

35-45 

Pilocarpine . — A 

0.02 M 

solution of pilocarpine in dilute hydrochloric 


acid of approximately half-normal strength was prepared, containing 
0.832 gram pilocarpine, C u H w N 2 0 2 , in 200 cc. The results obtained 
with this solution are given in Table VII. r , 


Table VII. — Effect of Varying the Amount of Pilocarpine on the Constancy 

of THE Proportion of HC 1 in the Alkaloidal Residue. 

0.02 M pilocarpine o.i N NaOH 
taken. required, 

cc. cc. 

0.1 N AgNOj 
required, 
cc. 

Amount of 
HCl fournl 
Milligrams. 

Theory for 
CnHiaNjOa-HCt. 
Milligrams. 

5 

O.98 

1 .00 

3-54 

3-54 

10 

1-95 

2 .00 

7.09 

7.09 

20 

3.85 

*,4-00 

14. 18 

14.18 

30 

5-90 

6.02 

21-34 

21.27 

40 

7.90 

8.10 

28.71 

28.36 

50 

9-95 

10.15 

35-98 

35-45 

Brucine . — A 

0.02 M solution of brucine in dilute hydrochloric add 

of approximately half-normal strength was prepared, 

containing 1.576 

grams brucine, 

C 2 ,H„N 2 0 4 , in 200 cc. 

The results obtained with this 

solution are given in Table 

VIII. 





Table VIII. 

, 

*.02 M brucine 
tak«n. 
cc. 

0.1 N NaOH 
required, 
cc. 

0.1 N AgNO a 
required, 
cc. 

Amount of 
HClfofind. 
Milligram*. 

Theory for 
CssHmNsOj.HCI, 
Milligram*. 

5 

0.90 

I .OO 

3*54 

3*54 

IO 

1 .92 

2.00 

7.09 

7.09 

20 

4.10 

4.00 

14. 18 

14.18 

30 

6.20 

6.10 

21 .62 

21.27 

40 

8.38 

8, 10 

28.71 

28.36 

50 

“MS 

10.10 

35 -So 

35*45 


The results given in the accompanying tables show that at least fairly 
|ftose results may always be obtained if we estimate the chlorine of the 
j?itombined hydrochloric acid in the alkaloidal residue. It also appears 
Mova ble that the application of the Volhard method to the estim atio n 
’ dKtaJoids is limited only by the possible instability of the hydrochloride 
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of the given alkaloid under the conditions adopted for getting rid of the 
excess of the uncombined acid. For estimating the actual amount of 
alkaloid in ^specimens of these alkaloids as obtained commercially or in 
the course of assay, we may therefore adopt the following procedure : 

About 0.2 gram of the specimen to be examined is dissolved in an 
excess of dilute hydrochloric acid (about 20 cc. of 4 per cent.), the liquid 
completely evaporated on the water bath, the residue thoroughly stirred 
and mixed with 5 cc. of alcohol and the liquid again similarly evaporated. 
This treatment with 5 cc. of alcohol is repeated and the liquid again 
evaporated on the water bath. The residue is then taken up with dis- 
tilled water (about 10 cc.), phenolphthalein added, and the acidity of 
the liquid titrated with standard alkali. This titration with alkali will 
in most cases indicate, at least approximately, the amount of hydrochloric 
acid that remained combined in the alkaloidal residue and hence may 
serve at least in indicating how much standard silver solution to add 
in the subsequent estimation of the chlorine by the Volhard method. 
Any precipitate formed on addition of the alkali is filtered off, washed 
with small amounts of water until a drop of the filtrate on testing with 
silver nitrate is shown to be free from chlorine. The filtrate is then 
diluted with distilled water to about 70 cc., acidified by adding 5 cc. 
of dilute (10 per cent.) nitric acid, and followed by a measured amount 
of standard silver nitrate solution which is judged to be a little in excess 
of that required to precipitate all the chlorine in the solution. The whole 
is then made up to definite volume (100 cc.) and filtered through a dry 
filter! To an aliquot portion (50 cc.) of the filtrate, 1 cc. of a 10 per cent, 
ferric alum solution is added, and the excess silver in the solution titrated 
with standard thiocyanate solution. Having determined the amount 
of hydrochloric acid and knowing that in the case of the alkaloids above 
mentioned 1 molecule of the hydrochloric acid is equivalent to 1 mole- 
cule of the alkaloid, we can of course calculate the actual amount of the 
latter in the specimen under examination. In the case of brucine, or in 
any other similar case where the color of the solution would interfere 
in determining the end reaction, an aliquot portion of the liquid may be 
evaporated to dryness on the water bath, the residue ignited, taken up 
with hot dilute nitric add, and the excess silver in the solution titrated 
with standard thiocyanate in the usual way. 
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Hitt Year Chemistry. By Wilhelm Segbrblom, A.B., Instructor in Chemistry at the 
* t Philips Exeter Academy. The Exeter Book Publishing Company, Exeter, N, H. < 
pp. xxv 4 * 410. Price, $1.50. 

vJfhis book is a departure from the ordinary textbook of chemistry, 
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although a few others of its kind have recently appeared. It is essentially 
a laboratory outline containing directions for performing 169 experiments. 
Only about 75 pages are devoted to theoretical and general matters. 
Some descriptive material in fine print accompanies the experiments. 
The author states: “My plan is to use the inductive method rigorously 
in the first 90 experiments.” The inductive method is then dropped and 
“is followed by the theory of chemistry, with experiments to illustrate 
the laws and principles; this comes at the middle of the year — a period 
now approved by many teachers. The theory of chemistry is followed by 
considerable descriptive chemistry, studied in the light of recent theoretical 
conceptions, but with the spirit of the inductive method still an unconscious 
guide My object has been to give the student a con- 

ception of chemistry from the point of view of the scholar and the thinker, 
rather than from the point of view of the crammer, i. e., to teach chemistry 
rather than to teach a text-book ” This is all very well except th^jt the 
average student falls somewhat short of the heights of the scholar and 
thinker, and, in the experience of the reviewer, he needs something more 
unified and systematic than the isolated observations derived from experi- 
ments in order to get a comprehensive idea of even elementary chemistry. 
The reviewer does not wish to disparage the inductive method, for it is most 
excellent when one has time for it and applies it judiciously in connection 
with a good text. 

The experiments of the book before us are for the most part well selected, 
and the directions are clear and concise. The general outline, pp. 339-354, 
supplies a useful summary for the guidance of the scholar. The general 
method of treatment is, however, old-fashioned, as a few examples will 
show: Hydrate and hydroxide are employed interchangeably through- 
out, the author seemingly being unaware of the modem significance of 
the word hydrate. Bases are considered to be either metals, metallic 
oxides, or metallic hydroxides, pp. 317 and 344. The crude statements 
of Berthollet, p. 319, are overemphasized, while the subject of reversible 
reactions and chemical equilibrium receives but brief mention toward 
the close, p. 337, and it is only in the light of the latter that Berthollet% 
principles can be intelligibly treated. The method of treatment of 
molecular weights as derived according to Avogadro’s hypothesis is in* 
adequate, and molecular formulas of simple substances are used befote 
any explanation of the reason therefor is given. All densities are referred 
to hydrogen as unity, and the whole subject is treated on the hydrogen 
basis instead of that of Oxygen, as is the more modern custom. The 
deception of the gra#tnolecular-volume, which so simplifies this subject 
and also the solving of problems concerned with gas volumes, is not in- 
troduced at all. 

&oose or inaccurate statements are not uncommon as for example/ 
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the definition of hydrolysis, p. 296, of acids, p. 343, and of combining 
number, p. 352, and the statement of Faraday’s law, p. 332. Experi- 
ments like No. 102 do not give molecular weights, and there are a number 
of problems based upon it, p. 371. Among the examples of reduction 
pp. 341-2, under (4), only the action of copper upon nitric acid is com- 
monly classed as reduction ; and under (5) and (6) the reactions are simply 
dissociations. Experiment 168 does not give the amount of salt dissolved 
in 10 cc. of water y but the amount present in 10 cc. of the solution . 

Simplified spelling is used in the case of a few words, as “tho” and 
“thru,” without any attempt to carry out all of the recommendations 
of the Simplified Spelling Board. “Flight” occurs throughout instead 
of the more usual form " height.” 

The typography of the book is good, and the proof-reading was carefully 
done except on p. 324. The main divisions of the text on pp. 183, 219, 
and 265 are not well indicated. O. F. Tower. 

Anleitung zum Experimentieren in der Vorlesung ttber organische Chemie. Zum 

Gebrauche an University ten, technischen Ilochschulen und hohere Lehranstalten, 
sowie zum Selbstunterricht fur Studierende. Dr Hans Rupe, a. o. Professor an 
der Universitiit Basel. Vieweg und Sohn: Braunschweig, 1909. pp. 130. 
Geheftet, Mk. 4.50; Lnwri, Mk. 5.40. 

This is a collection of lecture experiments for those giving courses in 
elementary organic chemistry and, as indicated in the supplementary 
title, may also be used advantageously by the student as a laboratory 
guide in the preparation and study of organic compounds. 

The experiments include the determination of carbon and hydrogen, 
of nitrogen and of molecular weights; the preparation and properties of 
a large number of typical carbon compounds illustrative of the more 
important groups and reactions, together with such other topics as the 
distillation of petroleum and of wood, illuminating and water gas, fer- 
mentation soap, candles, equilibrium in esterification, bread-baking, 
collodion and guncotton, and the like. 

The selection of experiments is, on the whole, quite satisfactory, the 
material is well classified and arranged, and the descriptions generally 
clear and explicit. The preparation of such substances as mercury 
fulminate, nitroglycerol, zinc ethyl, and the like, is, however, fraught 
with too much danget to be commended for lecture room demonstration 
or for inclusion in a book to be used as a laboratory guide for beginners. 

As every organic chemist well knows, the great handicap encountered 
p lecture demonstration in his chosen field is the length of time needed 

carry out many of the most important reactions. Where this difficulty 
cannot readily be avoided, the author meets it either by showing in the 
lecture room only the final step in the reaction or by continuing the 
reaction through successive ^lecture periods. In reading ovfr the de- 
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scription of the experiments, the inorganic chemist cannot fail to be im- 
pressed with the laborious and time-consuming character of many of 
them as compared with the numerous relatively simple and rapid ernes 
available in his own field. 

The book should prove useful to all teachers of organic chemistry. 

Marston Taylor Bogert. 

Calculations of General Chemistry. William J. Hale. New York: D. Van Nos- 
trand Company. pp. 174. Price, $1.00. 

This book is designed for use during the first year of the student's 
progress in the study of chemistry. It comprises the units of measure, 
and the calculations based on density and specific gravity; effect of pres- 
sure and temperature on gases; Avogadro’s hypothesis; law of definite 
proportions; derivation of formulas; chemical equations; normal solutions; 
combination of gases by volume and closes with an appendix giving a 
table of logarithms. The treatment is clear and concise and the vdlume 
will be of service to students. 

In the calculations of density the author uses oxyged as th§ standard. 
He says: “Formerly hydrogen, as the lightest substance served this pur- 
pose, and consequently the close relationship between densities and molec- 
ular weights was apparent. In recent times oxygen, with the value 
of 32, has been adopted as the basis of molecular weights by reason of 
the great importance of this element in its numerous combinations with 
other elements and for reasons that will be made clear after further con- 
siderations." 

The reasons for making oxygen the standard for densities are no clearer 
than those for making it the standard for atomic weights. Hydrogen 
is the only standard that is rational and scientific and the use of oxygen 
as a standard leads the student to confusion only. It is unfortunate 
that, even among scientists, a fad or fancy promulgated by some man 
of prominence so often finds many eager followers. Wm. L. Dudley. 

An Introduction to Physical Science. By Frederick H. Getman. John Wiley & 
Sons, New York. 1909. Price, $1.50. 

The author has written this* little book to meet the difficulties of begin- 
ners in chemistry by giving, in logical order, the physical principles which 
are most important for an intelligent study of chemistry. Seventy-eight 
pages devoted to mechanics, 35 of which are concerned with gases 
and~ 4 i$uids. Sixty pages are devoted to heat and thermodynamics, 
while, light electricity and magnetism are considered in the remainder 
of tbC^jo pages. Each chapter is concluded with a number of good 
problems and questions. If a student were acquainted with the contents 
Of this book he would be well prepared to take up a study of chemistry, 

jit it is not plain just when there will be time to devote to a courseof 
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this kind, unless it is taken in lieu of the regular course in physics. This 
book raises an interesting question; namely, is it desirable to have the 
principles of physics given with a special view to the study of chemistry? 
There might seem to be some advantages in this from the standpoint 
of the teaching of chemistry. On the other hand, if the student is held 
strictly accountable for everything he has had in physics, rather than 
attempting to give it to him in a somewhat different way, he would fre- 
quently need to get out his physics and do some independent thinking 
in applying the principles to the new things presented to him. This 
would be a gain in many ways: it would emphasize the importance of 
thorough work for future use, it would give more time for things more 
strictly chemical and good students would not be bored with an elementary 
presentation of things with which they were already familiar. Wherever 
this method is possible it certainly would tend to develop more thinking 
by the student in chemistry, a point that is of first importance. 

G. A. HulETT. 

The First Principles of Chemical Theory. By C. H. Mathewson. John Wiley & 
Sons. pp. 123. Price, $1.00. 

This book of 123 pages is used by the author as a supplementary 
text to a short course of lectures which follow the first four months’ work 
in general chemistry. The purpose is to introduce the student to the 
principles of chemistry very early in his course with the idea of continually 
repeating and illustrating these principles as the student accumulates 
facts in his subsequent work. Besides the subjects generally touched 
upon in a course in general chemistry, the student is introduced to the 
subject of osmotic pressure and related phenomena, electrolytic dissociation 
theory, heterogeneous equilibrium, thermochemistry and the many terms 
and conceptions accompanying these subjects. When the student once 
gains a working knowledge of these things his work will become mentally 
interesting and very much more intelligible and profitable, so it is de- 
sirable to have these things as early in the course as possible. On the 
other hand, any real conception of these principles should be based on an 
intimate (laboratory) knowledge of some facts. Without this the principles 
are merely so many words and when introduced again the student re- 
members having heard about them, while on repetition he may come 
to dislike the subject and so lose the mental training and pleasure that 
should go with a study of chemistry. This unfortunate result is all- 
together too frequently encountered in third- and fourth-year students, 
and it emphasizes the importance of determining just what basis of fact 
fa necessary to afford a working conception of a given principle. The 
is&reasing favor of quantitative experiments in general chemistry labora- 
tory work is an expression of this need, and it would seem that the ra- 
tional development of the instruction in chemistry must give Considerable 
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attention to questions as to just when a particular principle is to be in- 
troduced so that it may stimulate the reasoning powers and be an effdfetive 
tool in the further study. The compact statements in which the prirqaples 
of chemistry are expressed afford rather poor material for a memory 
exercise. It would seem, therefore, to be desirable to develop the prin- 
ciples and theories, at least during the whole course of undergraduate 
chemistry, rather than in a single course of lectures. G. A. HulETT. 

Elements of Mineralogy, Crystallography and Blowpipe Analysis, from a practical 
standpoint including a description of all common or useful minerals, the tests 
necessary for their identification, the recognition and measurements of their 
crystals, and a concise statement of their uses in the arts. By Alfred J. Moses 
and Charles LaThrop Parsons. Fourth edition, vii 4- 444 pages, 580 figures 
and three double pages of tables for determinative mineralogy. New York: 
D. Van Nostrand Company. Price, $2.50. 

The fourth edition of this well-known book differs but very slightly 
from the third edition (1904). Some changes in the introductory chapter, 
a few paragraphs added, and the statistics of production and value revised 
are the only changes noted. The main body of the text, , descriptive 
of the mineral species, has not been changed. For instance, molybdite 
is still stated to be MoO s (page 277), and thorianite is not mentioned at 
all. While it is always difficult to decide on what to include and what 
to exclude from “all common or useful minerals,” it would seem more 
desirable to include a mineral like dumortierite which has been found 
in this country in five different states, rather than such rare ones as 
aikinite, aphthitalite, etc. It must be somewhat confusing, particularly 
to a student, for whom the book is specially adapted, to find under py- 
roxene, crystal drawings of “favssaite” and “leucaugite” (Figs. 518 and 
519), neither of which is mentioned in the text or in the index. The 
brief mention of many of the not very common yet still not very rare 
minerals would be a slight improvement on this otherwise excellent book, 
which gives, as the extended sub- title briefly indicates, about all the 
essential facts of mineralogy. W. T. Schaller. 

Annuaire pour FAn 1910. Published by the Bureau des Longitudes. 16 mo., 820 pages. 
Paris: Gauthier- Villars, 1910. Price, 1.50 francs. 

As cheap as before, as full of inaccuracies as usual. In the immense 
amount of information given upon astronomical, geographic, physical 
and chemical phenomena, the larger part is of cotirse correct, but a short 
search, /brings to light so many inaccuracies that the work as a whole 
must hfear the stigma of being unreliable, at least as regards physical 
and chemical data. In one place, a column 6 f chemical equivalents Of 
the elements is headed “electrochemical equ^^aWts, ,, In a table* 
atomic $^g|ts Wd chemical equivalents, antimony, arsenic, nitrogfeh, 
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bismuth, boron, phosphorus and silicon are considered as monovalent 
elements, aluminium is bivalent (!), while vanadium with an atomic weight 
of 51.2 has an equivalent weight of 68.5 (!!). Inaccurate values determined 
by French experimenters are frequently given to the exclusion of greatly 
more accurate ones by non-Gallic scientists. As a scientific compilation, 
in the proper sense of the term scientific , it is discreditable to the authors 
and to Prance. Joseph W. Richards. 

A System of Diet and Dietetics. Edited by C* A. Sutherland. London, 1908. 
xiii 4- 893 pp. Price, $7.50. 

This volume, which is one of the series entitled Oxford Medical Publica- 
tions, contains a number of papers by different authors on food and nutrition 
in health and disease. Among the papers of special interest to students of 
nutrition may be mentioned: “A Discussion of General Principles,” by 
Sir Lauder % Bruntoii; “The Evolution of Man’s Diet,” by Dr. Harry 
Campbell; “The Physiology of Digestion, Absorption, and Nutrition,” 
by Dr. E. I. Spriggs; “The Results of Experimental Work on Diet,” 
by Dr. E. I. Spriggs; “Diet Cures and Special Diets,” by Dr. Edmund 
Cautfey; “Patent and Proprietary Foods,” by Dr Edmund Cautley; 
“Diet in Old Age,” by Dr. Harry Campbell; and “The Feeding of Infants 
and Children in Health,” by Dr. G. A. Sutherland. 

In the chapter on the Evolution of Man’s Diet, the epochs which the 
discussion treats are: The simian period, the homo-simian period, the 
early hunting period, the pre-cibicultural cookery period, and the cibicul- 
tural period, or the period in which man has depended upon cultivated 
crops for food. Dr. Campbell has brought together a large amount of 
information not generally accessible and has rendered a service to all stu- 
dents of dietetics by the clear and systematic way in which the evolution 
of man’s diet is discussed. 

All the sections are of decided interest and value as they represent 
the view's of men of wide experience in the subjects treated as well as 
summaries of data fundamental to adequate discussion of such questions. 
The chapters on diet in disease are of unusual interest to the medical 
practitioner. As stated in the editor’s preface “ this book is not a re- 
flection of the fancies of the public on the subject of their food, or of 
the methods of the individual who believes in an infallible system for dieting 
of his patients. Until our knowledge of physiology is more perfect than 
at present the scientific basis of dietetics must be an unstable one. 
Nevertheless patients must be dieted, and the physician must be guided 
by the teaching of history, by experimental physiology, and by clinical 
experience in the proper regulation of their diet. All that has been at- 
tempted in this book is to set down the principles and practice of men 
who have had special experience in the subjects on which they write.” 

C. F. Langworthy. 
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Die H«thodan ztir Hentellung Kolloider LOetmgen Anorgantocben Stuff*. By Dr. 

/ 0 BS. Svbdbbsg. Published by Theodor Steiitkopff, Dresden. 500 pp. 16 
Harks, unbound. 

This extensive work is confined to the methods of preparation and is 
not a general treatise on colloidal solutions. All known methods of 
inorganic colloid preparation are thoroughly and systematically treated. 
They are divided into condensation and dispersion methods. The former 
are again divided into reduction, oxidation, hydrolysis and other con- 
densation methods. The latter are divided into mechanical-chemical 
and electrical dispersion methods. Each of these subdivisions is taken 
up separately and the descriptions are preceded by very complete litera- 
ture references. Under the electrical dispersion method is given a well 
illustrated description of the author’s improvement of Bredig’s method. 
An oscillatory discharge with large electrical capacity produces the col- 
loidal metal much more rapidly than does the application of the simple 
direct current, as described by Bredig. The book is a very complete treat- 
ment of the methods of preparation of inorganic colloids, and suggests the 
need of a similar separate treatise on organic colloids and one on proper- 
ties and characteristics of colloids. W. R. Whitney. 
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SOME CHEMISTRY OF LIGHT . 1 

By W. R Whitney. 

From the dawn of history, chemistry has had much to do with the 
production of artificial light, and I wish now to recall to your minds a 
few illustrations I will not burden your ears with a long story on physics 
or mechanics of light, but intend treating the subject of artificial light 
so as to show you that it has always been largely a subject for chemical 
investigation I want to impress upon your minds that it is still a most 
green and fertile field for the chemist. I have tried to arrange a few 
familiar experiments to illustiate some of the facts touched upon, and 
it should be borne in mind that I am trying to interest an audience of 
chemists from widely different fields, rather than to present a chronological 
record of recent experimental research. 

I cannot tell just when chemistry was first scientifically applied to a 
study of artificial light. Most cardinal discoveries are made by accident 
and observation. The first artificial light was not made by design nor 
was the first improvement the result of chemical analysis. It is supposed 
that the first lamps were made from the skulls of animals, in which oil 
was burned. Herodotus, describing events about three centuries before 
Christ, says of the Egyptians: “At the times when they gather together 
at the city of Sais for their sacrifices, on a certain night they all kindle 
lamps many in number in the open air round about the houses; now the 
lamps are saucers full of salt and oil mixed and the wick floats of itself 
on the surface and this burns during the whole night.” This night was 
observed all over Egypt by the genera^ lighting of lamps, and these lamps 

1 Presidential address delivered at the Boston Meeting of the American Chemical 
Society, December 29, 1909. 
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were probably the forerunners of the well-known Greek and Roman lamps 
of clay and of metal which are so common in our museums. 

The candle and lamp were probably invented very much earlier. We 
know that both lamps and candles were used by the priests of the Jewish 
temple as early as 900 B. C. The light of those candles and lamps was 
due, as you know, to particles of carbon heated in a burning gas. 

It is not fair to the chemists of our early candle-light to skip the fact 
that great chemical advances were made while candles were the source 
of light, and so I touch for a moment upon one of the early applications 
of chemical knowledge. The fats and waxes first used were greasy and 
the light was smoky and dull. They were capable of improvement afcd 
so the following chemical processes were developed and applied to the 
fats. They were first treated with lime, to separate the glycerol and 
produce a calcium soap. This was then treated with sulphuric acid, and 
the free stearic and palmitic acids separated. These acids were then 
made into candles and gave a much whiter light than those containing 
the glycerol ester previously used. Similar applications of #herpical 
principles are probably known to you all in the refining of petroleum. 
The crude distillate from the rock oil is agitated with sulphuric acid and 
then washed with a solution of sodium hydroxide. This fact accounts, 
in considerable degree, for the advance of a number of other chemical 
processes. An oil refinety usually required the presence of a sulphuric 
acid plant in the immediate vicinity, and this often became a source of 
supply for other new chemical industries. 

Very great advances have been made in the use of fats and oils for 
lighting purposes, but there is so much of greater interest in later dis- 
coveries that we will not consider many of them. The distillation of 
gas from coal or wood in 1739 was a chemical triumph, and a visit to a 
gas plant still forms one of the main attractions to the young chemist 
in an elementary course of applied chemistry. The first municipal gas 
plant was established in London, just about 100 years ago. The general 
plan, so apparently simple to us to-day, was at its inception judged im- 
practicable by engineers. In spite of other methods of illumination, the 
improvements in the making, purification and application of illuminating 
gas have caused a steady increase in its use. Gas owes its illuminating 
power to the fact that a part of the carbon in it is heated to incandescence 
during the combustion of the* gas. It must contain, therefore, such 
carbon compounds as yield a fair excess of carbon, and this knowledge 
has led to the schemes for the enrichment of gas and for the use of non- 
luminous water-gas as a base for illuminating gas. 

Various schemes were devised in the early part of the 19th century 
for using gas to heat to incandescence, rods or surfaces of lime, zirconia 
and jllatmum, J This was not at first very successful, owing to imperfect 
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combustion of the gas. The discovery of the Bunsen-burner principle 
was made a little later. By thus giving a much higher temperature to 
the gas flame and insuring complete combustion, this gave new impetus 
to this branch, and the development of suitably supported oxide mantles 
continued for half a century. 

Most prominent in this field is the work of Auer von Welsbach. It was 
a wonderful series of experiments which put the group of rare-earth oxides 
into practical use and started a line of in\ estigation which is still going on. 
The Welsbach mantle practically substitutes for the carbon of the simple 
gas flame, another solid in a finely divided shape capable of giving more 
efficient light. This allows all of the carbon of the gas to contribute 
to the production of a hotter flame. But more interesting than the 
mechanical success, to my mind, is the unforeseen or scientifically unex- 
pected discovery of the effect of chemical composition. By experiment 
it w r as discovered that the intensity and color of the various mixtures 
of difficultly fusible oxides at incandescence varied over a wide range. 
Thus a broad field for unforeseen investigation was opened. The samples 
of Welsbach mantles which you see before you were kindly loaned to me 
by Mr. H. S. Miner, of the Welsbach Company, and beautifully illustrate 
the application of advanced chemical work to this industry. The color 
and intensity of the light varies in an unexplained manner with slight 
differences in composition of the mantle. The following are the com- 
position and candle powers of the mantles shown: 

Candle Power of Mantles, Ranging from Pure Thoria to io %Ceria. 


No. Pei cent, thoria. 

Per cent, ceria. 

Candle power. 

3<>7 

100.00 

0.00 

7 

368 

^99-75 

O.25 

56 

369 

i 99.50 

0.50 

77 

370 \ 

99 25 

0.75 

85 

371 

f99-oo 

I .OO 

88 

372 

[ 98.50 

1.50 

79 

373 

*98 00 

2.00 

75 

374 

[97.00 

3-00 

65 

375 

[9500 

5.00 

44 

376 

90.00 

10.00 

20 

69 


La, Zr, Ce, oxides, 

3o 


The methods of making present mantles were also a part of Dr. Auer’s 
contribution to the art. Suitably woven fabrics are dipped into solutions 
of the rare-earth salts; these are dried and the organic matter burned out, 
leaving a structure of the metal oxides. 

The pure thoria gives a relatively poor light. The addition of the 
ceria, up to a certain amount, increases the light. This added component 
is called the “ excitant, ” and as tfiecause for this beneficial action of the 
excitant is not known, it is possible that further discoverief along this 
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line will yet be made. There is hardly a prettier field for chemical specular 
tion than is disclosed by the data on these light efficiencies. For some 
unknown reason, the change in composition by as little as one per cent, 
varies the luminosity over tenfold, and yet, more than one per cent, 
of the excitant (ceria) reduces the light. Besides the temptation to 
speculation, such disclosures of Nature encourage us to put greater trust 
in the value of new experiments, even when accumulated knowledge 
does not yield a blazed trail for the pioneer. By giving a discovery a 
name and attaching to it a mind-quieting theory, we are apt to close 
avenues of advance. Calling this small amount of ceria an “excitant” 
and guessing how it operates, is directly harmful unless our guess suggests 
trial of other substances. 

One of the explanations proposed to cover the action of the ceria ought 
to be mentioned, because it involves catalysis. This is a term without 
which no chemical lecture is complete. Some think that the special 
mantle mixture causes a more rapid and localized combustion and there- 
fore higher temperature, by condensation of gas in its material. Others 
think that this particular mixture permits of especially easy and rapid 
oxidation and reduction of its metal oxides themselves in the burning 
gas mixture. The power which catalyzers have of existing in two or more 
states of oxidation seems to apply also to the ceria of the Welsbach mantle. 
Whatever the truth may be, it has been shown by Swintoil 1 that when 
similar oxide mantles are heated to incandescence by cathode rays in 
vacuo , the presence of one per cent, ceria produces only a very small 
increase in the luminosity of thoria. It is interesting to note that in the 
gas flame pure ceria gives about the same light as pure thoria, while in 
the cathode rays of the Crookes tube, with conditions under which ceria 
gave almost no light, pure thoria gave an intense white light. These 
facts, which are still unexplained, illustrate how little is understood in 
this field. 

I will merely refer to the fact that vapors of gasoline, kerosene, alcohol, 
etc., are also now used in conjunction with the Welsbach mantles. 

The field^of acetylene I must also omit with a mere reference to the fact 
that the manufacture of calcium carbide was a chemical discovery and the 
action of water upon it, producing the brilliantly-burning acetylene gas, 
was another. 

Turning now to electrical methods of generating light, we find the 
chemist early at work. Sir Humphry Davy and others, at the dawn 
of the 19th century, showed possibilities which since that time have been 
developed into our various types of incandescent and arc lamps. We 
natuiklly attach Mr. Edison's name to the development of the carbon 
incandescent lamp, because it was through his indefatigable efforts that 
1 jifyop* R°y> London (A), 65, 115. 
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a practicable lamp and illuminating system were both developed. It 
had long been known that platinum, heated by the current, gave a fair 
light, but it melted too easily. A truly enormous amount of work was 
done in attempts to raise the melting-point of the platinum, and the 
effect of occluded gases, of annealing, of crystalline condition, etc., etc., 
were most carefully studied, but the results were unsatisfactory. He 
was therefore led to the element carbon as the next most promising con- 
ductor of high melting point. Kdison’s persistent and finally successful 
attempt to get a dense, strong, practical filament of pure carbon for his 
lamps, is one of the most encouraging lessons to the chemist of to-day. 
This history needs to be read in the light of the knowledge of carbon at 
that time and the severe requirements of a commercially useful carbou 
filament. It illustrates the value of continued effort when it is based 
on knowledge or sound reasoning. The search w T as not the groping in 
the dark that some of us have imagined, but was a resourceful search 
for the most satisfactory, among a multitude of possible materials. From 
our point of view, all subsequent changes in choice of material for in- 
candescent lamp filaments have been indicated by the knowledge that 
high melting point and low vapor- tension were the first requirements. 
If you will consult the curve of the melting points of all the elements , 
as plotted against their atomic weights , you will see at once that the desired 
property of high melting point is a periodic functionof the atomic weight. 
And it is this fact, which was independently disclosed as a general law 
by Meyer and Mendel6eff, in 1863, that has aided in the selection of all 
the new materials for this use. You will notice that the peaks of the 
curves are occupied by such elements as carbon, tantalum, tungsten, 
osmium, etc., which are all lamp materials. 

A study of the laws of radiation also soon played a part in incandescent 
lamp work. The early rough and black filament of bamboo was first 
replaced by a polished black carbon filament, and later by one which had 
a bright, silver-grav coat of graphite. A black body at any temperature 
radiates the maximum possible energy in all wave lengths. Heated to 
incandescence, it will radiate more invisible and useless infra-red rays 
than any other opaque material at the same temperature. A polished 
metal is therefore a more efficient light source than the same metal with 
a black, or even rough surface. This is derived from KirchofPs Law 
of Radiation and Absorption, which was early established. 

It may seem like penetrating too far into detail to consider for a moment 
the changes in structure and surface which the carbon filament of our 
incandescent lamps has undergone, but the development of such an ap- 
parently closed problem is instructive because it has yielded to such simple 
methods of attack. The core, or body, of the carbon filament of today 
is made by some one of the processes based on dissolving and rep^ecipit&t- 
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ing cellulose, such as are used in artificial silk manufacture. The cellulose 
solution is squirted through a die into a liquid which hardens it into 
dense fibers. These cellulose fibers are then carbonized by being heated, 
out of contact with the air, at as high a temperature as possible with 
gas furnaces. All of this is also merely the application of chemistry 
which was first worked out in some of the German chemical laboratories. 
This plain carbon filament, the result of this simple process which might 
have been satisfactory in the early days; would be nowadays useless 
in a lamp, as its practical life is only about ioo hours at 3 watts per candle. 
In a subsequent process of manufacture it is therefore covered with a 
steel-gray coating of graphite, which greatly improves the light-emitting 
power. This coat is produced by heating the filament in an atmosphere 
of benzene or similar hydrocarbons. The electric current which heats 
the filament is of such an intensity that the decomposition of the hydro- 
carbon produces a smooth, dense deposit of graphite. With this graphite 
coat the filament now burns about 500 hours; but the simple gAphite 
coat can itself be improved. It is improved by being subjected, for a 
few moments, in the electric furnace, to a temperature of about 3500°, 
so that the life now becomes about 1500 hours under the same opiating 
conditions as before. The product of this treatment is known as the 
metallized filament, because its temperature coefficient of resistance is 
by this last step made similar to that of the metals. 

A case is shown on the table which contains illustrations of the carbon 
incandescent lamp manufacture in the shape of cellulose solution, squirted 
cellulose fiber, carbonized fiber, etc. 

Among the incandescent lamps which are before you I have one con- 
taining a platinum wire filament. You wdll see, as 1 turn on the current, 
that the intensity of its light is not very great, even when the current 
is sufficient to melt the wire % A much greater luminosity is produced by 
a plain carbon filament, and a still greater by the graphite coated and 
metallized carbon before they are destroyed. In the case of carbon, the 
useful life of the lamp depends much more on the vaporization of the 
material than on its melting point, and these lamps, as shown, will operate 
for a short time ^t very much greater efficiencies or higher temperatures 
than is possible when a practical length of life is considered. Thus, 
besides the physical effect of surface quality, we have evidence of differ- 
ences in the vapor pressure of different kinds of carbon. It looks as 
though carbonized organic matter yielded a carbon of much greater 
vapor pressure for given temperature than graphite, and that even graphite 
and n^etallized graphite are of quite distinctly different vapor pressures 
at him temperatures. It may be interesting to note here that if the car- 
bon filament could withstand for 500 hours the maximum temperature 
yrhich it withstands for a few moments, as shown in the experiments, 
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then the cost of operating incandescent lamps could be reduced to nearly 
a fifth of the present cost. 

It was discovered by Auer von Welsbach that the metal osmium could 
be made into a filament, though it could not be drawn as a wire. The 
osmium lamp was the first of the recent trio of metallic filament incan- 
descent lamps. The tantalum lamp, in which another high melting 
point metal replaces the superior but more expensive osmium, has been 
in use six or eight years. This surpasses the carbon in its action, and on 
running up to its melting-point it shows still brighter light than carbon. 
More recently the tungsten filament lamp has started to displace both 
lamps. At present this is the element which withstands the highest 
temperature without melting or vaporizing, and on being forced to its 
highest efficiency in a lamp you see that it reaches higher luminosity 
and that there is a similarity to carbon and tantalum in that an enormously 
greater efficiency may be produced for a very short time than can be 
utilized for a suitable length of life. The inherent changes at these tem- 
peratures, distillation or whatever they are, quickly destroy the lamp. 
The lamp will burn an appreciable time at an efficiency fifteen times as 
great as that of the common operating carbon incandescent lamp (at 
3 watts per candle). In other words, light may be produced for a short 
time at an energy-cost one-fifteenth of common practice, so thkt there 
is still a great field for further investigation directed towards merely 
making stationary those changing conditions which exist in the burning 
lamp. 

While it is generally true that the light given by a heated body increases 
very rapidly with rise of temperature above 6oo°, the regularity of the 
phenomenon is commonly overestimated. A certain simple law covering 
the relation between the temperature and the light emitted, has been 
found to apply to what we have called a black body. This so-called 
Stefan- Boltzmann law states that “tfis total intensity of emission of a 
black body is proportional to the fourth power of the absolute tempera- 
ture.” There are, however, very few real black bodies in the .sense of 
the law. The total emission from a hole in the wall of a heated sphere 
has been shown experimentally to follow the law rigidly* but most actual 
forms and sources of illumination do not. Most practical sources of 
artificial light are more efficient light producers than the simple law 
requires. This may be said to be due to the fact that these substances 
have characteristic powers of emitting relatively more useful energy 
as light than energy of longer wave length (or heat rays). Most sub- 
stances show a power of selective emission and we might say that an 
untried substance, heated to a temperature where it should be luminous, 
could exhibit almost any conceivable light effect. It is still less possible 
to predetermine the proportionality between luminous and nonjuminous 
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emission. A simple illustration will serve to make this clear: if a piece 
of glass be heated to 600 °, it does not emit light. If some powder such as 
zirconia or thoria be sprinkled upon it, light is emitted and the proportion 
of light at the same temperature will depend upon the composition of 
the powder. Coblentz has shown, both for the Auer mantle and for the 
Nernst glower, that the emission spectra are really series emission bands 
in that portion of the energy curve which represents the larger part of 
the emitted energy. This is in the invisible infra-red part, and so the 
laws which govern the emission at a given temperature depend upon the 
chemical composition of the radiant source. Silicates, oxides etc., show 
characteristic emission bands. 

One of the most attractive fields of artificial light production has long 
been that of luminous gases or vapors. It has seemed as though this 
ought to be a most satisfactory method. The so-called Geissler tubes in 
which light is produced by the electrical discharge through gases at 
low pressure are familiar to all. The distribution of the energy emitted 
from gases is still further removed than that of solids from the laws of 
a black body, and a large proportion of the total electrical energy supplied 
to a rarefied gas may be emitted as lines and bands which are^within 
the range of the visible spectrum. These lines, under definite conditions 
of pressure, etc., are characteristic of the different elements and compounds. 
The best knowm attempts to utilize this principle are the Moore system 
of lighting, in which long tubes of luminous gas are employed, and the 
mercury lamps, which, while more flexible on account of size, are still 
objectionable because of the color of the light. A simple form of mercury 
arc is shown. 

It is rather interesting that the efficiencies of all of these various sources 
of electric light are not nearly so widely different as one w r ould expect 
from a consideration of the widely divergent methods of light produc- 
tion employed. 

From the light of a vapor or gas to that of an open arc is not a wide 
step, but the conditions in the arc are apparently quite complex and 
there is a great deal of room for interesting speculation in the phenomena 
of an arc. Briefly, there are two kinds of arcs to be considered in lighting. 
One has been in use for a century, the other for a few years only. The 
first is the successor to Sir Humphry Davy's historical arc between char- 
coal points. In this kind of arc the current path itself is hardly luminous 
and the light of the lamp is that gfiven by the heated electrodes. In 
case of direct current it is the anode, or positive electrode, which gets 
the hotter and gives far the greater part of the light. In the carbon arc 
shown, it will readily be seen that the light is emitted by the heated 
solid carbon of one electrode. This gives a steady source 6f light, but 
is not so efficient as an arc in which material in the arc stream itself is 
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the source of light. The arc may be made to play upon rare earth oxides, 
and these, being heated to incandescence, increase the luminosity, but 
this has not proved useful. The more common way is to introduce into 
the carbon electrode certain salts which volatilize into the arc and give 
a luminous effect. Here cerium fluoride, calcium fluoride, etc., are used, 
and the color of the arc, just as in the case of gas mantles, may be varied 
by varying the composition of the electrodes. This is seen in the arc 
from the carbon electrodes containing such salts. 

I have arranged several different kinds of arcs and before each is a 
magnifying lens, to throw the image of the arc upon a screen. This 
permits our seeing the phenomena of the arcs and observing the char- 
acteristics of each. The very essential difference between the plain carbon 
arc and the luminous or flaming arc is readily noticed. In the latter 
case the greater part of the light is due to the incandescent metallic 
vapors in the space between the electrodes. Substitution of one chemical 
for another in such flaming arc electrodes has covered quite a wade range 
of chemical investigation. Salts are chosen which give the greatest lumi- 
nosity without causing the formation of too much ash or slag. Some 
compounds of calcium, for example, are practicable, while others are not, 
though all of these would, under suitable conditions, yield the calcium 
spectrum. 

If such salts as calcium fluoride were conductors at ordinary tem- 
perature, useful electrodes for flame arcs w^ould probably be made from 
them. Such conducting materials as iron oxide, carbides, etc., have 
been used for flame arc electrodes, and a great many of the so-called 
magnetite arcs are now in use. The electrodes in this case are largely 
magnetic oxide of iron, with such other ingredients as titanium and 
chromium oxides, to increase the intensity of light, to raise the melting 
point of the mixture, etc. 

As will be seen from observing this arc, the light is very white and 
intense and is generated by the headed vapors of the arc proper. A 
great many modifications of this arc principle are possible. Titanium 
carbide and similar substances give characteristic arcs, and some of them 
are very intense and efficient. For purposes of comparison, I have added 
to this illustrating experiment an arc of titanium carbide and one of 
copper. 

The Nerast Lamp. 

A distinct species of electric incandescent lamp is that invented about 
10 years ago by the well-known physical chemist, Professor Nernst. This 
employs for filaments a class of bodies which are not electrical conductors 
'at all at ordinary temperatures, and which, at their burning temperatures, 
do not conduct the current as metals and carbon, but as a solution does. 
This Irind of conductivity, the electrolytic, involves electrochemical 
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decomposition at the electrodes, and in the case of the Nemst filaments 
these otherwise destructive reactions are rendered harmless by the con- 
tinual oxidizing action of the air. For this reason this type of lamp 
will not burn in vacuo. For its most perfect utility the principle of the 
Nernst lamp seems to require a mixture of oxides, because a single one 
is not so good a conductor nor so luminous. It uses oxides because these 
are the most stable compounds known, and it uses the rare-earth oxides 
because they have higher melting points than other oxides. • As the 
efficiency very rapidly rises with the temperature, there is a great advan- 
tage in using the most infusible base possible. For that reason, zirconia, 
thoria, etc., are usually employed. 

In this lamp a rod or filament of an oxide mixture, much like those 
used in Welsbach mantles, is heated by the current externally applied 
until it reaches a temperature at which it becomes a good conductor itself. 
Here again the peculiar laws of light radiation are illustrated, tl^e light 
emitted at a given temperature being determined by the nature of the sub- 
stance. Just as the pure thoria gives a poor light compared to the mixture 
with one per cent, ceria, so a pure zirconia rod, heated by the current, gives 
much less light than a rod containing a little thoria, ceria or similar oxide. 

Work done by Coblentz on the energy-emission of such rods shows 
the emission spectra, at least in the infra red, to vary with the nature of 
the substance. In general, the spectra are not continuous like the spectra 

of metals and black bodies, but seem 
to occupy an intermediate position be- 
tween these and luminous gases, which 
w r e know have usually distinct line 
spectra. 

*^This recalls the subject of selective 
emission. Coblentz has shown selec- 
tive emission in the long wave lengths 
for a Nernst glower. This is shown in 
comparison with the emission of a black 
body, in curve Fig. 1 . The two sources, 
when compared at the temperatures 
where they exhibit the same wave 
length for maximum emission, differ 
very considerably in emission in the 
infra red, the black body giving more 
energy at the blue end, and less at the 
red end of the spectrum. 

This is still more noticeable in the 
curves for such substances as porcelain, magnesia and glass, as shown by 
Coblentz's curves (Fig, 2). 



Fig. x. 
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The curves of wave length and radiant energy which are shown are, 
with slight modifications, taken from work of Lutnraer and Pringsheim 
and of Dr. Coblentz. The curve for the ideal, 
or black-body radiator, gives a picture of the 
total energy and its distribution over the dif- 
ferent wave lengths. It is the peculiarity of 
the black body to radiate more energy of any ' 
given wave length than does any other body ° y 
at the same temperature. Therefore, in case * 
of all substances acting as thermal radiators, 
the black body will always give the greatest 
brilliancy. Since this body at the same time 
radiates a maximum in all wave lengths, it will 

be surpassed in light efficiency by any substance /'<• * r * * 7 * 
which is a relatively poor radiator in the invis- 
ible or nonduminous part of the spectrum. 1 2 ‘ 

In the energy curves shown it is to be noticed that the visible part 
of the energy is practically only that between o 4 and 0.8 thousandths 
of a millimeter. Consider the black lines in Fig. 3 for a moment. These 
show the emission of a black body at centigrade temperatures noted 
on the curves. Evidently the energy emitted rises very rapidly with 
the temperature; i. c\, as the 4th powder of the absolute temperature. 




It will be noted also that the point of maximum 
energy or wave length corresponding to maxi- 
mum energy shifts gradually toward the left or 
towards the visible wave lengths. 

It is this rapid shifting of the position of maxi- 
mum energy which makes the search for sub- 
stances which can withstand even only slightly 
higher temperatures, of such great interest. 

The curves for the black body and for plati- 
num (dotted lines, Fig. 3), are not greatly differ- 
ent in general appearance, but the total amount 
of energy emitted at a given temperature from 
the black body is shown to be more than for the 
platinum, and it can be seen that at about the 
same temperature the platinum is the more 
economical light source. Prof. Lummer has said 
that at red heat, bright platinum does not 
radiate one-tenth the total energy which the 
ideal black body radiates at the same tem- 


perature, and at the highest temperature still less than one-half. The 


deviation of platinum from the black body law is a step in the direction 
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of getting improved light-efficiency without corresponding increase of 
temperature. This method is practically without limit in its extension, 
for there seems to be no limit to the forms of energy curves which different 
substances may possess. The curves are apparently determined not only 
by physical state, but also by the chemical composition of the emitting 
substance. 

You see before you a vacuum incandescent lamp which contains a ribbon 
of platinum, in the shape of a loop. While the section of the platinum 
is the same throughout, one-half of the loop is blackened by depositing 
a little platinum black upon it. This greatly affects the light efficiency 
as shown. The blackened portion, being more nearly a black body, 
radiates at each temperature relatively more energy of long wave length 
(i. e ., heat) than the bright portion; so for about equal total energy 
radiated the ribbon radiates less as light from the blackened surface. 

In the production of artificial light, the tendency will always be in the 
direction of increasing the practical efficiency; i. e. y reducing the cost 
of light. We have seen that there is still much room for this. In* the 
case of the kerosene oil lamps we know that much less than one per cent, 
of the energy of combustion of the oil is radiated as light from .the flame. 
In the case of the most efficient source, the electric incandescent Tamp 
at highest efficiency, we are still far from ideal efficiency. A still higher 
temperature would yield a yet higher efficiency. We do not know exactly 
how much light might possibly be yielded for a given consumption of 
energy, but one experimenter concludes that it is about ten candles per 
watt. If this is true, even the most efficient light you have seen this 
evening is less than half as efficient as it might be. Fortunately, it is 
not now clear just how the chemist is to realize all the advances which 
he will make in more efficient lights. 

No consideration of this part of the subject is complete without a brief 
reference to the efficiency of the firefly. The source of his illumination 
is evidently chemical. This much is known about the process. 

The light-giving reaction is made to cease by the removal of the air, 



and to increase in intensity by 
presence of pure oxygen. It is 
extinguished in irrespirable gases, 
but persists in air some time after 
the death of the insect. Its pro- 
duction is accompanied by the 
formation of carbon dioxide. 
These all indicate a chemical 
combustion process. Prof. Lang- 
ley has shown that such a flame 


as the candle produces several 


Fig. 4. 
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hundred times as muchus eless heat as the total radiation of the firefly for 
equal luminosity. In other words, the firefly is the most efficient light 
source known. This is illustrated by the energy distribution curves from 
several light sources taken from Prof. Langley’s work (Fig. 4). The diffi- 
culties attendant upon the accurate determination of the curve for the fire- 
fly are so great that we ought not to expect very great accuracy in this case. 
These curves, which in each case refer to the energy after passing through 
glass, which cuts off energy of long wave lengths, represent the same 
quantities of radiant energy. While the sun is much more efficient than 
the gas flame or carbon arc, it still presents far the largest part of its 
energy in the invisible long wave lengths (above 0.8), while the firefly 
seems to have its radiant energy confined to a narrow part of the visible 
spectrum. 

General Electric Company, 

Schenectady, N. Y. 


[Contribution from the Research Laboratory of Physical Chemistry of the 
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i. Outline of the Investigation. 

In a paper from this laboratory published six years ago 1 an apparatus 
and method were described by which accurate measurements of the 
electrical conductivity of aqueous solutions could be made at tempera- 
tures up to 306°. In a second paper 2 were presented the results of the 
measurements of the conductivity of aqueous solutions of various salts, 
bases, and acids, and the ionization relations of these substances were 
discussed. The purpose of the research to be described in this article 
was to study another phenomenon — that of the hydrolysis of salts into 

1 This Journal, 26, 134-170 (1904). 

2 Ibid 30, 335-352 (1908). 
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free acid and base — ‘by measuring the change of conductance produced 
by adding an excess of the weak acid or base. Since the degree of 
hydrolysis is dependent on the degree of ionization of the water, this 
important quantity can be computed from it, when the knowledge of the 
hydrolysis is supplemented by that of the ionization of the acid and base 
involved. In this research there have been made measurements of the 
hydrolysis of ammonium acetate and of the ionization of ammonium 
hydroxide and acetic acid at temperatures of ioo, 156, 218, and 306°. 

The, method employed for determining the hydrolysis is in principle 
that described first by Walker, 1 and later iti more exact form by Bredig. 2 
It consists in measuring the change in conductance produced by adding 
to the salt solution, in which the salt is partially hydrolyzed, a sufficient 
quantity of the slightly ionized acid or base to reduce the hydrolysis 
appreciably, and in computing, from the change produced by different 
quantities of acid or base added, the degree of hydrolysis. In this case 
it was practicable to reduce the hydrolysis by the addition of an excess 
both of the acid and of the base, since both are only slightly conducting 
substances; and in this case there results an increase in conductance 
corresponding almost exactly to that of the new quantity of apimonium 
acetate produced out of the free acid and base originally present. * 

The calculation of the ionization constant of water from the hydrolysis 
of the salt involves, as stated, a knowledge of the ionization constants 
of the acid and base. The determination of the former quantity there- 
fore involves measurements of the conductance at various concentrations 
of solutions of the following substances; ammonium acetate; ammonium 
acetate with varying proportions of ammonium hydroxide and of acetic 
acid; ammonium hydroxide; acetic acid; ammonium chloride; sodium 
acetate; sodium chloride; sodium hydroxide; and hydrochloric acid. 
Measurements with dilute solutions of the last five substances are needed 
for the computation of the equivalent conductance at zero concentra- 
tion of ammonium hydroxide and acetic acid. The results of such 
measurements with the last three substances have been previously pub- 
lished in This Journal. The data for ammonium chloride and sodium 
acetate will be presented in this article. 

2. Apparatus and Method of Procedure. 

The conductivity cell used was like that previously described. 3 It 
consisted of a platinum-lined steel bomb, through the bottom of which 
passed a platinum electrode insulated from the bomb by being supported 
upon a quartz cylinder or by being contained in a quartz cup. 

1 Z . physik . Chem 4, 333 (1889). 

2 Ibid., 13, 214-321 (1894). 

* This Journal, 26, 135-141 (1904). 
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The method of making the measurements was also in general similar 
to that followed in the previous researches in this laboratory. For a 
full description of the experimental procedure, of the preparation of the 
substances and analysis of the solutions, of the corrections applied for the 
conductance of the water and for contamination, and of all other ex- 
perimental details, and also for a record of the original observations, the 
reader is referred to the more complete publication of this work which 
has been issued by the Carnegie Institution of Washington. 1 In this 
briefer article only the final results and the computations and conclusions 
based upon them will be presented. 

3. Equivalent Conductance of Ammonium Chloride and Sodium Acetate. 

Since ammonium chloride and sodium acetate are appreciably hy- 
drolyzed at high temperatures (thus in o.or normal solution about 1.6 
per cent, at 218° and 3.4-4. 1 per cent, at 306°), the conductance of these 
salts w r as measured (except at 18 and 25 °) in the presence of a greater 
or less proportion of ammonium hydroxide or of acetic acid; 2 and from 
the result was subtracted the conductance of the base or acid calculated 
from the ionization constants (given in Section 6) with the aid of the 
mass-action relations, ( OH - /v IV C NH<OI! /( NH< and C H = K A C HAc /C Ac . 
The measurements with ammonium chloride at 18, 100, and 156° were 
made by Prof. Yogoro Kato; at 18, 25, 218, 306° by Dr. R. B. Sosman; 
those with sodium acetate were made at 18, 100, 156 and 218° by Dr. 
H. C. Cooper; 8 and at 306° by Dr. R. B. Sosman. 

Table 1 contains the final values derived from all these measurements 
by correcting the observed data for all known sources of error, so that 
they represent only the conductance of the pure unhydrolyzed salts. 
The concentration given in the second column represents the number of 
milli-equivalents of salt contained in one liter of solution at the tempera- 
tures corresponding to the conductance values given in the following 
columns. The latter are expressed in reciprocal ohms. In regard to the 
values at zero concentration see the next section. The temperatures 
are those on the hydrogen-gas scale (based at 218 and 306° upon the 
results of Jaquerod and Wassmer 4 ). 

1 Publication No. 63 of the Carnegie Institution of Washington entitled “The 
Electrical Conductivity of Aqueous Solutions ” This monograph may be obtained 
from the Institution at the rate of $2.50 per copy. The work with which this article 
is directly concerned will be found in Parts VI and VII of the publication. 

* The ratio of NH 4 OH to NH<C 1 in equivalents was 0.1 at 100 and 156°, about 0.5 
at 218° and 1.0 to 4.6 at 306°. The ratio of HCgHjO, to NaC a H 3 0 2 was about 0.2-0.6 
at 156 and 218° and 1.1 to 4.1 at 306°. 

* These have been already published in This Journal, 30, 306, but are included 
here for the sake of completeness. 

4 J, chim . phy$. t 2, 52 (1904). 
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Table i.— The Equivalent Conductance of Ammonium Chloride and Sodium 

Acetate. 


Substance. 

Concentration. 

18 0 . 

* 5 °. 

100°. 

156°. 

ai8°. 

3O6 0 . 

NH 4 C1 

0 

130 9 

152 .0 

415 

628 

841 

1176 


2 

126. 5 1 

146-5 

399 

601 

80I 

1031 


IO 

122.5 

I4I.7 

382 

570 

758 

925 


12.5 

121 .5 


379 

567 




30 

n8.i 


. . . 

. . 


828 

NaCjH a O a 


7 8.! 


285 

450 

660 

924 


2 

74.6 


267.6 

421 

578 

801 


IO 

71 .2 


253-3 

396 

542 

702 


30 





. . 

613 


80 

63 -4 


221 .0 

340 

452 



4. Equivalent Conductance at Zero Concentration of the Various 

Substances. 

The values of the equivalent conductance (A 0 ) at zero concentration 
for ammonium chloride and sodium acetate were obtained by extrapola- 
tion with the aid of the equation C(A 0 — A) = K(CA) n . This when 
written in the form i/A = i/A 0 -f A t (CA) w ~" 1 may be conveniently 
employed graphically by plotting i/A against (CA)* W ~ X ,, the exponent 
n — 1 being taken equal to that value in the neighborhood of 0.5 which 
is found by trial- to give most nearly a straight-line graph. 2 The values 
of A 0 for these two substances, already given in Table 1, are reproduced 
in Table 2, together with those previously determined for the various 
other substances which are needed in calculating the values of A 0 for 
ammonium hydroxide and acetic acid by means of the relations: 
A 0 (NH 4 OH) - A c (NH 4 C 1 ) + A 0 (NaOH) — A 0 (NaCl) 
A 0 (HC 2 H 8 0 2 ) - A c (NaC 2 H s 0 2 ) + A 0 (HC 1 ) - A 0 (NaCl). 

The determinations of A 0 for sodium chloride, hydrochloric acid, and 
sodium hydroxide (up to 156°) have been previously described in This 
Journal. 3 The value for sodium hydroxide at 218 and at 306°, where 
no measurements or no sufficiently accurate measurements exist, was 
derived under the assumption that it lies at such, a proportional distance 
between the A 0 values for sodium chloride aud hydrochloric acid at 
these temperatures as is indicated by its position between them at the 
lower temperatures of 18, 100, and 156°. 

1 This same value (within 0.1) wUs obtained entirely independently by Prof. Kabo 
and Dr. Sosman, and also by the latter on two separate preparations obtained respec- 
tively by recrystallizing the solid salt and by neutralizing ammonium hydroxide and 
hydrochloric acid. 

8 The exponent for ammonium chloride was assumed to be the same as for potas- 
sium chloride at those temperatures where it was not possible to determine it owing 
to the fact that the measurements did not extend to a higher concentration than 12.5 
millinormal. 

1 VoL 30, p. 339 * 
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Table 2. —Equivalent Conductance at Zero Concentration. 


Substance. 

1 8°. 

100°. 

156°. 

218°. 

306°. 

NH 4 C1 

130.9 

415 

628 

841 

1176 

NaC a H 8 0 2 

78.1 

10 

00 

c» 

450 

660 

924 

NaCl 


362 

555 

760 

1080 

NaOH 

2l6 5 

594 

835 

1060 

1310 

HC 1 

379 

850 

1085 

1265 

1424 

NH 4 OH 

238 

647 

908 

1141 

1406 

HC 4 H 8 0 , 

348 

773 

980 

1165 

1268 


5. The Equivalent Conductance of Ammonium Hydroxide and Acetic 

Acid. 

In deriving the final values of the equivalent conductance of ammonium 
hydroxide and acetic acid, all appropriate corrections were applied to the 
observed data, including that for the conductance of the water and for 
the small proportion of the ammonia oxidized during the heating. The 
ammonia used was obtained from two sources — by diluting a specially 
prepared commercial sample of ammonia water and by distilling liquid 
ammonia which had stood in contact with sodium. Great care was taken 
to avoid contamination by the carbon dioxide of the air. 

The final values, expressed in the same way as in Table 1 , are presented 
in Table 3. The measurements with acetic acid at 100 and 156° and some 
of those at 218° were made by Dr. II. C. Cooper, some of those at 218° 
and all at 306° by R. B. Sosman. Those with ammonium hydroxide at 
100 and 156° were made by Yogoro Kato, at 18, 218 and 306° by R. B. 
Sosman. 

Table 3- Final Values ok the Equivalent Conductance op Ammonium Hy- 
droxide and Acetic Acid. 


Substance. 

Concentration. i 8 °. 

100°. 

156°. 

2t8° 

306 0 . 

NH 4 OH 

IO O 

9 . 66 

23-25 

22.31 

1556 



30.0 

5 66 

1358 

12.99 

* 



80.0 

3-47 



5 39 



100.0 

3 • 103 

7-47 

7.17 

4.82 

1.329 


300.0 

1-752 




0.785 


500 0 

1-325 




... 

HC.H.O, 

10. 0 

14 50 

25.10 

22.15 

14.70 



30.0 

8.50 

14.70 

12.95 

8.65 



80.0 

5-23 

9 -05 

8.00 

5 39 



100.0 

4.68 

8.10 


4.82 

i -57 


300.0 

2.68 




0.84 


Values were also obtained for ammonium hydroxide at 100 milli-norraal 
at three temperatures between 18 and ioo° and at 125 0 , These values 
are as follows: 

25°. 50°. 75° 135 0 . 

362 5.35 6.70 7-76 

Entirely independent determinations made in this laboratory aWcJjffer- 
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ent times by Messrs. Yogoro Kato, R. B. Sosman, and C. W. Kanolt have 
given for 100 millinormal ammonium hydroxide at low temperatures 
closely concordant values, namely, 3.10, 3.10, and 3.11 at 18 0 , and 3.62 
and 3.61 at 25 °. Concordant results were also obtained independently 
by H. C. Cooper and R. B. Sosman for 100 millinormal acetic acid at 
1 8°, namely 4.67 and 4.685. 

6. The Ionization of Ammonium Hydroxide and Acetic Acid. 

The values of the ratio 100 A/A 0 corresponding to the percentage 
ionization (ioo^) are given in Table 4. They were obtained by dividing 
the A values given in Table 3 by the appropriate A 0 value given in Table 
2. 

Table 4. — Percentage Ionization or Ammonium Hydroxide and Acetic Acid. 


Substance. 

Concentration 

1 8°. 

100°. 

156° 

218°. 

306°. 

NH 4 OH 


4-05 

3*59 

2 .46 

I 36 



30 

2.38 

2 . 10 

*•43 




80 

i *454 



0.47 



IOO 

130 2 

1*15 

0.79 

0.42 

0.095 


300 

0.735 




0.0558 


500 

0.556 




• % 

hc 2 h 3 o 2 .... 

IO 

4*17 

3*24 

2.26 

1 .26 



30 

2*45 

1 .90 

1.32 

0.743 



80 

1*504 

1. 17 

0.815 

0.463 



IOO 

1*346 

1.05 


0.414 

0.124 


300 

0.771 




0.0663 


The values for 100 millinormal ammonium hydroxide at the inter- 
mediate temperatures are as follows: 

25 0 . 5 °°. 75 °. 125°. 

1.338 # I.34 1-2? 102 

The values of the ionization constants were calculated from these data 
by the expression K « (C^) 2 /C(i — 77, C being here expressed in equiv- 
alents per liter. They are brought together in Table 5. Best values 
valid for dilute solutions have also been derived, regard being paid to the 
greater experimental errors in the more dilute solutions and to the devia- 
tion from the mass-action law in the more concentrated ones. These 
are given in italics at the foot of each series. 

It is evident from these results that the ionization constant for ammo- 
nium hydroxide increases considerably in passing from o to 18 then re- 
mains nearly constant up to 50°, and finally decreases with increasing 
rapidity as higher temperatures are reached, attaining at 306° a value 
which is only about one two-hundredth of that at 18 °. It is also evident 
that at all temperatures the values for acetic acid are not very different 
from those for ammonium hydroxide. 
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Table 5. — Ionization Constants X io* of Ammonium Hydroxide and Acetic 


Substance. 

Equivalents 
per liter. 

Acid. 

1 8°. 

IOO°. 

156°. 

2 1 8°. 

306°. 

NH 4 OH 

O OIO 

17. 1 

13-4 

6 20 

I.89 



O.O^O 

17.4 

13-5 

6 24 




O IOO 

17.2 

* 3-5 

6.28 

I.80 

0.090 


O.300 

16.3 




0.094 


O.500 

15-6 






Best value 

J 7 2 

13 3 

6 28 

1 .80 

0.093 

HCjH, 0 2 .. 

O OIO 

18.2 

10 85 

5 23 

I .61 



0.030 

18 5 

11 04 

5 30 

I.67 



0.080 



5*36 

I 69 



0.100 

18.3 

11 .14 


I 72 

0.153 


0 300 

18.0 




0 132 


Best value 

18.3 

7 7 . 1 4 

5 36 

7 72 

0.139 

NH.OH 

0 IO 

0 0 

13 9 l 

25 ° 

18.0 

50 ° 

18 1 

75 ° 

16 4 

125 ° 

10.4 


7. Conductance of Ammonium Acetate Solutions at 18, ioo and 156°. 

Experiments by Yogoro Kato. 

The hydrolysis experiments were made by measuring the specific 
conductance of ammonium acetate solutions containing in one case the 
salt alone and in other cases the salt together with varying quantities of 
ammonium hydroxide and acetic acid. In the experiments at the tem- 
peratures up to 156°, the observed values of the specific conductance 
were corrected to round temperatures with the help of temperature 
coefficients derived from the measurements themselves and then further 
corrected to uniform concentrations by assuming direct proportionality 
between the concentration and specific conductance through the small 
concentration interval involved. The so-reduced values are presented 
in Table 6. In the columns headed “Initial” are given the equivalent 
conductances obtained from the measurement at the temperature in 
question before going to the higher temperatures, while in the columns 
headed “Final” are given the equivalent conductances obtained after 
returning to the temperature in question from the higher ones. A com- 
parison of these initial and final values in the separate experiments shows 
the contamination or destruction of the substance that resulted from 
the heating. 

The final data needed for the computation of the hydrolysis, and the 
calculated values derived from them are presented in Table 7. The 
column headed L M contains the most probable values of the specific 
conductance derivable from the separate values of Table 6, taking into 
account the contamination and applying a correction for it. In the 
next column under L HA or L B0H is given the conductance of the acetic 

1 This value at o° is that determined in this laboratory by Kanolt. See Carnegie 
Publication , , 63, 290 (1907) or This Journal, 29, 1408 (1907). * ' 
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Table 6. — Specific Conductance of Ammonium Acetate Solutions at 18, ioo and 

156°. 

Specific conductance X io 6 . 


Expt. No. 

1 

2 


Concentration at 4 0 . 

j8° 


IOO°. 


CiI 8 CO,NH 4 

ch 8 co,h.' 

Initial. 

Final’ 

Initial. 

Final. 

t $ 6 °. 

26.OO 


2, 2Sl 

2. 276 

6, 830 


8 , 598 

26.00 


2, 282 

2,279 

6, 821 

6, 816 

8,632 

. 26.00 


2, 281 

2,277 

6, 825 

6,8l6 

8,615 

IO.40O 


946 6 

941.9 

2,851 

2,841 

3 . 5.83 

10 . 400 


946.9 

943-4 

2,852 

2,839 

3 . 58 i 

10 . 400 


9467 

942.6 

2,851 

2,840 

3. 582 

26 OO 

26.47 

2, 29I 

2, 280 

7 , 157 


9. 885 

26 OO 

26.47 

2, 292 

2, 286 

7,158 

7 , 114 

9,925 

26.OO 

26 47 

2, 29I 

2, 283 

7 , 157 

7 ,H 4 

9,905 

. 26.00 

52 OO 

2,295 

2,285 

7, 166 

7 , 125 

10, 108 

26.00 

52.00 

2, 293 

2, 287 

7, 164 

7, 128 

10, 109 

26.00 

52.00 

2,294 

2, 286 

7. 165 

7, 126 

10, 108 

IO.400 

21 . 12 

964.O 


3,016 



IO.400 

21.13 

963 2 

9588 

3 ,oi 5 

2,991 

4 , 243 

10 400 

21.13 

963.6 

958 8 

3*015 

2, 99 * 

4 , 243 

10 400 

52.76 

983.2 

977 8 

3, 040 

3, 02 1 


10 400 

52 76 

983-9 

974.4 



4.318 

10 . 400 

52.76 

983 5 

976 • 1 

3,040 

3 ,on 

4. 318 

10 . 400 

IO 569 

957 ■ 1 

954 3 

3, 000 

2,983 

4, 166 

10.400 

10.577 

957 - 7 

955 0 

3,002 


4,170 

10.400 

10.573 

957-4 

954-6 

3,001 

2, 983 

4, 1 68 

26.00 

nei 4 oh. 

51-21 

2,298 

2,303 

7 , 153 


10, 212 

26.00 

51 21 

2, 298 

2, 300 

7, 168 

7, 164 

io, 21 1 

26.00 

51.21 

2, 298 

2,301 

7, 160 

7, 164 

10, 21 1 

26.00 

25.70 

2, 290 

2, 291 

7, 149 


10,040 

26.00 

25.70 

2, 291 

2,293 

7 , 145 

7 , 145 

9.988 

26.00 

25.70 

2, 290 

2,292 

7 , 147 

7 ,H 5 

10,014 

. 10.400 

IO 263 

954 7 

958.5 

2,995 

2 , 99 i 

4. 186 

10.400 

IO.263 

954 7 

958.4 

2,998 

2,992 

4 . , 8 j 

10.400 

IO 263 

954 7 

958.4 

2, 996 

2,991 

4. 185 

10.400 

20.52 

960.3 

965 5 

3,oio 


4 . * 9 * 

10.400 

20.52 

961.4 

964 8 

3,oio 

3,013 

4, 286 

*0 . 400 

20.52 

960.8 

965 1 

3, 010 

3,013 

4. 289 

10.400 

5129 

979.2 

984 ? 

3 , 043 


4.403 

. IO . 400 

51-29 

980.9 

984-4 

3,048 

3,050 

4.398 

10 . 400 

50.12 

9761 

977.6 



4.388 

10 . 400 

53-54 

98* .6 

987.7 

3,053 


4,408 

IO.4OP 

* 43-93 

*966.8 

*975 3 

*3,036 

. . . 

* 4. 391 

IO . 400 

5 I -56 

979-4 

983-5 

3,048 

3,050 

4.399 


* Values with an asterisk were not included in deriving the mean. 

id or ammonium hydroxide present. This was obtained by first calcu- 
ting C 0H or C H from the tnass- action equations 
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St 


CbCoh 

^BOH 


K b or 


CaCh 

^HA 


K 


A’ 


by substituting for C B or C A the ratio L ba /A oB a t ^ ie specific con- 
ductance of the ammonium acetate (BA) to its equivalent conductance 
when completely ionized, and then multiplying the value of C OH or C H 


Table 7- 

-Specipic Conductance op the Constituents in Ammonium 
Solutions. 

Concentration at 1 °. Specific conductance X 10 6 * 

Acetate 

Temper- 



Acid (A 

or 


Acid or base 

Salt in 

Salt alone 


ature. 

Salt. 

Base (B). 

Mixture. 

in mixture 

mixture. 

in water 

Increase. 

t°. 

Cba. 

Cha or Cboh, 

I>m. 

Lha or Lboh. 

Lba 

Ls. 

Lb a — trs . 

18 0 

25 

.96 

26.43 

A 

2, 291 

7 

2, 284 

2, 281 

3 


25 

.96 

25.66 

B 

2, 290 

4 

2, 286 

2, 28l 

5 


25 

.96 

52 76 

A 

2,294 

15 

2,279 

2, 281 

— 2 


25 

.96 

51-14 

B 

2 , 298 

9 

2, 289 

2, 28l 

8 







Mean 

2,285 

2, 281 

4 


10 

387 

10 559 

A 

957 

7 

950 

947 

3 


10 

387 

10.249 

B 

955 

4 

951 

947 

4 


10 

387 

21 .09 

A 

964 

14 

950 

947 

3 


10 

387 

20.50 

B 

961 

9 

952 

947 

5 


10 

387 

52.69 

A 

983 

35 

948 

947 

1 


10 

387 

51.49 

B 

976 

22 

954 

947 

7 







Mean 

95 i 

947 

4 

ioo° 

24 

92 

25-37 

A 

7 * 157 

10 

7 , 147 

6,825 

322 


24 

92 

2463 

B 

7 , 144 

9 

7 . 135 

6,825 

310 


24 

.92 

50.64 

A 

7, 165 

20 

7 , 145 

6,825 

320 


24 

92 

4909 

B 

7 , 156 

19 

7 , 137 

6, 825 

312 







Mean 

7 , Hi 

6,825 

316 


9 

970 

10.136 

A 

3,oox 

9 

2, 992 

2,851 

141 


9 

.970 

9.838 

B 

2 , 99 © 

9 

2,981 

2,851 

130 


9 

.970 

20 25 

A 

3,015 

19 

2,996 

2,851 

145 


9 

.970 

19675 

B 

3,003 

19 

2,984 

*,851 

133 


9 

.970 

50.58 

A 

3,040 

48 

2,992 

2,851 

141 


9 

970 

49 43 

B 

3,041 

47 

2,994 

2,851 

143 







Mean 

2, 990 

2,851 

139 

156° 

23 

68 

24.11 

A 

9,964 

5 

9,959 

8,625 

1,334 


23 

68 

23 40 

B 

10, 004 

5 

9 , 999 

8, 625 

i ,374 


23 

68 

48.12 

A 

10, 163 

13 

10, 150 

8,625 

1,525 


23 

68 

46.64 

B 

10, 196 

H 

10, 182 

8, 625 

i ,557 

, 

9 

473 

9 631 

A 

4, 193 

6 

4, 187 

3.596 

591 


9 

473 

9 348 

B 

4, 169 

6 

4. 163 

3. 596 

567 


9 

473 

19-243 

A 

4,278 

13 

4. 265 

3,596 

669 


9 

473 

18.694 

B 

4, 270 

13 

4. 257 

3.596 

661 

* ? 

9 

473 

48.06 

A 

4, 360 

31 

4.329 

3. 596 

733 • 


9 

473 

46.97 

B 

4,381 

3 « 

4.349 

3.596 

"* .753 
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by A oBOH or A oHA . The difference of the values of L u and or t BOH 
given in these two columns gives the specific conductance L BA of the salt 
in the mixture. This is given in the sixth column, and in the seventh 
column is given the calculated conductance of the salt (L s ) when present 
in water alone at the same concentration as it has in the mixture. The 
last column headed L BA — L s gives the increase of conductance caused 
by the reduction of the hydrolysis produced by the addition of the base 
or acid. 


8. Hydrolysis of Ammonium Acetate and Ionization of Water at 

ioo and 156°. 

From Table 7 it will be seen that the excess of base or acid causes an 
increase in the conductance of about 5 per cent, at ioo 0 and 15-21 per 
cent, at 156°. It will also be seen that at ioo° the addition of a quantity 
of acid or base equivalent to the salt produced as great an increase as a 
larger quantity, showing that the hydrolysis had been reduced sub- 
stantially to zero. The effect of the acid was, as it should be, nearly 
equal to that of the base, the small differences observed being doubtless 
due to experimental error. The percentage increase was also nearly 
the same at the two concentrations of the salt (4.6 and 4.9 per dent.) 
respectively, showing that the hydrolysis does not increase much with 
the, dilution, which is what the mass-action law* requires for a salt whose 
acid and base are both w r eak. At 156° the second equivalent of acid or 
base produces a large further increase in conductance, showing that the 
salt is still somewhat hydrolyzed. Here again the acid and base have 
not far from the same effect, as they should have on account of the small- 


nes$ of their ionization constants. 

TiiA quantitative calculation of the ionization at ioo° is comparatively 
simple\ Since the hydrolysis is reduced to zero by the added acid or base, 
the incifease in specific conductance produced by it when divided by the 
equivalent conductance A 0 <338) of the completely ionized salt gives at 


once the number of equivalents per cubic centimeter of free acid and base 
which wave been converted into ions. In addition a quantity of the 
un-ionized salt, corresponding to the increased concentration of its ions, is 
produced out of the acid and base. To compute this, we have made use 
f (CV) w 

of the equation — — J — =*» K (where y is the fraction ionized and 

t- v 1 T to) 


h the fraction hydrolyzed), in w'hich we have determined the constants n 


and K from the conductances (L BA ) of the unhydrolyzed salt (7141 and 


2990 X 1 a"" 5 at the two concentrations (24.92 and 9.97 milli-equivalents 
per liter) investigated and from the A 0 value for the salt. We have then 
calculated from the values of L/ A 0 (which are equal to Cy) the concentxa- 
tion^of un-ionlzed salt*C(i — y — h), both in the solution containing the 
salt alone and in that to which acid or base had been added. 
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The excess oft the second value over the first value gives the un-ionized 
salt, AC(i — x* — k)» that has been produced out of free acid and base: 
this added to Ihe quantity (ACy) of ions similarly produced gives the 
quantity of salt in the hydrolyzed state when it is alone present in water; 
and this divided' by the concentration (C) gives the fraction hydrolyzed 
( h 0 ). The results of the computations are given in Table 8. 

Table 8. — Hydrolysis of Ammonium Acetate and Ionization Constant of Water 

at ioo°. 

lOOfa or A (Cr) or 

C . too WC s o (Lb*— Ls>/A. A(C(1— j — *)>. CK , 100 ft.. K „ X »O u . 

24.92 82.2 0.94 0.21 I. 15 4 61 48.5 

9 97 85 9 0.4H o 064 0.475 4 76 47.4 


It will be seen from Table 8 that the hydrolysis h Q is only a little greater 
at io than at 25 millinormal. From each of these values the ionization- 
constant of water ( K w =» C H X ^oh) has been calculated, and the results 
are given in the last column, the concentration being here expressed in 
equivalents per liter. The calculation was made by means of the mass- 
action expression A r w = K A K n h 2 / y 2 in which K A and K n are the ionization- 
constants of the acid and base respectively, and h and y are the hydrolysis 
and ionization of the salt when present in water alone. This expression 
is obtained by multiplying together the two ionization equations 
K a =* C U C A / C HA and A B = C B C OH /C BOH , substituting 7v w for C H C OH , 
yC s forjC A and C B , and C s h Q for C llA and C BOH , and transposing. It 
will be noted that the two independent values of K w agree almost com- 
pletely. 

In order to calculate the hydrolysis at 156° from the conductance data 
it is necessary, since the hydrolysis is not reduced to z<*ro even by the 
largest quantity of acid or base added, to unite with the empirical rela- 
tion between the concentrations of ions and un-ionized molecules, the 
mass-action relation between the concentration of the ions and the prod- 
ucts of the hydrolysis. These tw r o expressions, if y represents the fraction 
of the salt existing as ions and h the fraction hydrolyzed into free acid 
and base and C s and C B0H are the concentrations of the salt and of the 
added base (or acid) respectively, are 


(rCs)« 

c s (x-r-A) 


const. 


(1) 


and 


(r Csy 

i^BOH "b c s h)C s h 


KaK b 




const. 


Or, representing by y Q and h 0 the ionization and hydrolysis of* the salt 
when in Rjjgiter alone, and by y t and h x these same quantities when the con- 
centration' of the salt is the same, but base (or acid) is present in excess 
at a concentration C BOH and writing r for C BOH /C s we have: ^ 
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■Xx—K 


■n- 


-K 


(3) and 


0 ' 


K( r ± K) 


V 


( 4 ) 


two simultaneous equations which can be solved for h 0 Itnd h since the 
other quantities may be derived from the measurements. Thus the ratio 
Til To * s e qual to L ba /L s (see Table 7), and the separate* values of t% and 
T 0 are given by the quotients L ba /C 8 A 0 and L S /C S A 0> A 0 being equal to 
523. For the exponent n we assumed provisionally the value 1.5, which 
is that for sodium acetate at this temperature; but after the hydrolysis 
had been computed for the two different salt concentrations it was ob- 
tained by direct application of equation (1) to the mean of the two sets 
of results, and was thus found to be 1.45; $nd with this new value of n 
the calculations were repeated, although this variation in n produced a 
decrease in h 0 of only 0.7 per cent, of its value both at 23.68 and at 9.473 
millinormal. Equations (3) and (4) can be completely solved algebraically 
for h x or h Q , but it is far simpler to use only the incomplete solution ob- 
tained by taking the logarithm of equation (3) and eliminating fe 0 *from 
it by means of equation (4), whereby results the expression: * 


log 


■n — K 


(» — 1) log 


[^—To)rJn}—V'h(r'+h) ' ' ” r» 

This equation can be readily solved for h t by trial, and h Q can then be 
calculated by (4). 


Tablb 9. — Hydrolysis op Ammonium Acetate and Ionization Constant op Water 


C S . 

r. 

IOO-/0. 

AT 156°. 
100 r . 

lOOfc. 

100*0. 

KwXlO*. 

2368 

1 .018 A 

70.73 

81 .66 

3 95 

17.6 

221 A 

23.68 

0.988 B 

70.73 

81.99 

4-34 

18.2 

236 B 

2 S.68 

2.032 A 

70.73 

83.23 

2.13 

17,8 

225 A 

2^68 

1 .969 B 

70.73 

83-49 

2 .46 

18.3 

238 B 

1 Mean 


70 73 



17-97 

J223 A 

9 - 4*3 

1 .017 A 

73-71 

85.82 

4 40 

18.5 

t *37 B 
224 A 

9 4 tf 3 

0.987 B 

73-71 

85-33 

4.16 

178 

208 B 

94 b 

2.031 A 

73-71 

87.42 

2.30 

18.3 

219 A 

9 - 4 j 73 

1-973 B 

73-71 

87.26 

2-33 

18.2 

217 B 

9-473 

5 -073 A 

73-71 

88.73 

1 .00 

18.6 

226 A 

9 473 

4-958 B 

73 • 1 • 

89.14 

1 .06 

19.0 

236 B 

Mean 


73-71 



18.60 

|233 A 
>221 B 


The results of the calculations are given in Table 9. The headings will 
be understood by reference to the preceding paragraph. In computing 
the ionization constant of water, which was done as before by ^ expres- 
sion K w — K k K* hf/rf, the concentration was expressed in equivalents 
per liter and the values of K k and K s used were 5.67 X io*~* AtKl d,28 X 
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io~*, respectively. The letter A after the value of the ratio r(== C S /C B ) 
signifies that acetic acid, the letter B, that ammonium hydroxide, 
present in excess. 

An examination of the values of K w given in the last column of Table 9 
shows that those derived from the experiments where acetic acid was 
added agree closely with one another not only in case of the successive 
additions of the acid but also at the two different concentrations of the 
salt, while those from the experiments where ammonium hydroxide was 
added are far less concordant whether considered with respect to the suc- 
cessive additions *(in the second series) or to the different salt concentra- 
tions. This fact, taken in conjunction with the experience that the base 
solutions are far more liable to contamination, justifies the adoption of 
the value 223 X io~ 14 derived from the experiments with the acid as the 
best final value for the ionization constant of water at 156°. It is worthy 
of note, however, that the mean value 229 X io~ 14 derived from the 
experiments with the base is less than 3 per cent, higher than this. 

9. Conductance of Ammonium Acetate Solutions at x8, 218 and 306°. 

Experiments by B. Sosman. 

The final values for the specific conductance of ammonium acetate 
solutions at 218 and 306° will next be presented. The observed data 
were first reduced to round temperatures by means of directly determined 
coefficients, and were then corrected for the conductance of the impurities 

Table xo. — Specific Conductance at Round Temperatures of Solutions Con- 
taining only Ammonium Acetate. 

Milli-equivalents per liter. Specific conductance X i<A 


1 8°. 

118 0 . 

306°. 

1 8°. 

ai8°. 

306°. 

14*57 



I 3 II .5 



1444 


.... 

1302 



14.01 

00 

M 


1266 

3770 


14.18 

12 .OI 


1281.5 

3830 


14*30 

iz 91 


T290 

3800 


7.10 

5-93 


656.0 

1918 5 


7 . II 

6.025 


657-0 

1944 5 


7 045 

5*96 


651 .O 

1921. 5 


7085 

5*$>7 

.... 

. 654.7 

1928 


43*10 



3691 

.... 


43*10 


29.38 

3694 

— 

2412 

43 **% 


29.32 

— 

— 

2394 

43 * *0 

.... 

*9 35 

3693 

.... 

2403 

H* 33 $ 


9.97 

12945 

.... 

812 

* 4*335 


10.015 

I2 94'5 

— 

818. 

* 4' 335 

— 

9-995 

*m -5 

.... 
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in the water, for that of the water itself, and for that of the added base 
oreacid. The last two corrections, which never exceeded 0.25 per cent., 
were computed with aid of the ionization constants of the three substances. 

Table 10 contains the so-corrected data for the pure salt, and Table 
11 those for the salt with an excess of base or acid. In the latter table 
are given for 218° and 306° in two additional columns (1) the specific 
conductance (L 0 ) which the pure salt has at the same concentration as 
that (C) of the salt in the mixture, and (2) the ratio of>the specific con- 
ductance (L) of the salt in the mixture to this conductance L 0 . The 
specific conductance L 0 is calculated from that given 'in Table 10 for 
nearly the same concentration under the assumption of proportionality 
between conductance and concentration through the small interval 
involved. 

Table ii. — Specific Conductance at Round Temperatures of Ammonium Acetate 
Solutions Containing Ammonium Hydroxide or Acetic Acid. 



Milli-equivalents per liter. 

Specific conductance X io«. / 

Temper- 

Salt in 

Acid (A) or 

Salt in 

S*tin 


ature. 

mixture. 

base (B). 

mixture. 

water alone. 

Ratio. 

t. 

C X 108. 

Co. or Cb X10*. 

L X 10« 

Lo X 10«. 

L/Lo. 

218° 

II.94 

11.88 A 

5057 

3809 

' 1.328 • 


12.015 

12.075 B 

5010 

3#33 

I.307 


II.90 

23 61 A 

5651 

3797 

1 .488 


II .92 

2341 B 

5482 

3803 

I.442 


II.825 

47.38 A 

6173 

3773 

1636 


II.875 

46 75 B 

6093 

3789 

1 .608 


6.08 

5 985 A 

2606 

1963 

1.328 


6.00 

6.25 B 

2563 ? 

r 



6.04 

6.25 B 

2562J 

1944 

I.318 


6.10 

12.055 A 

2944 

1969 

1-495 


6.025 

11.78 B 

2875 ? 



\ 

1 

6.015 

11.78 B 

286 3 J 

1944 

I.476 

1 

\ 

5-975 

24.12 A 

3207 

1930 

1.662 

! 

6.015 

23.62 A 

3150 

1942 

1.622 

306° 

28.76 

3191 A 

3430 

2355 

1.457 


27.53 

88.6 A 

4482 

2254 

1 .988 


28.34 

68.4 B 

4210 

2320 

I.815 


9.96 

10.025 A 

II46? 




9 965 

10. 01 A 

11505 

813 

1 .412 


10. 01 

8 19 B 

IO92 

•8l6 

*•338 


9-855 

30.06 A 

1589 

803 

1 -979 


9-735 

25.22 B 

1480 

794 

(.864 


10. Hydrolysis of Ammonium Acetate and Ionization of Water at 

218 and 306°. 

®rom the data given in Table 11 the hydrolysis of the salt at 2x8 and 
366° was calculated by two different methods. 

The first method was that employed by Noyes and Kato and described 
in Section 8 of this article. ■ ■ \ V ' 
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In the second method the ion concentration is, as before, calculated by 
dividing the specific conductance of the solution (multiplied by 10 s ) *by 
the equivalent conductance of the completely ionized salt; and then the 
concentration of the unionized salt is estimated under the assumption 
that it has the same value as in a solution of an ordinary unhydrolyzed 
salt of the same ionic type at the same ionic concentration. Then merely 
by subtracting Ihe un-ionized fraction (u) and the ionized fraction (y) 
from unity, the hydrolyzed fraction (h) is obtained ; that is ,h — 1 — y — u . 
In this calculation the mean value of the ionization of potassium and 
sodium chlorides was used as a basis. This calculation can give accurate 
hydrolysis values only when the hydrolyzed fraction is large and the 
un-ionized fraction very small; but under such conditions, which are in 
fact realized in the foregoing experiments fairly well at 218° and in much 
higher degree at 306 °, it is the most direct method and a fairly reliable 
one. 

Table 12 contains the results of the calculations. In the fifth and 
sixth columns are given the values of the percentage hydrolysis (100 h) 
calculated by the first and second methods, respectively. In the seventh 
column is given a mean derived from these. Since the results by the 
second method are more accurate the greater the hydrolysis, in deriving 
this mean a weight has been assigned to them equal to the percentage 
hydrolysis, the results by the first method being always given a weight 
of 100. It is desirable to combine the results by the two methods in some 
such way as this, since any error in the conductance ratio L/L 0 influences 
them in opposite directions. In the last three columns of the table are 
given the values of the percentage hydrolysis (100 h 0 ) of the salt in pure 
w r ater at the same concentration C. The values in the first of these columns 
are derived by the first method simultaneously with those of 100 h. Those 
in the second of these colums are calculated from the mean value of 

I 

100 h given in the seventh column by the equation h 0 2 = — — v** 

(b/lv 0 ) 

Those in the last column are obtained directly by the second method 
from the conductance in pure water. 

A comparison of the values of the percentage hydrolysis (100 h) of 
the salt in the mixture calculated by the two methods shows at 218° a 
considerable divergence, especially in the experiments where an excess 
of base was added. This was doubtless due largely to the destruction of 
some of the base during the heating. At 306° where this was determined 
and allowed for, and where the calculation by the second method is more 
accurate, the agreement is far more satisfactory (except in the first ex- 
periment which appears to be affected by some accidental error). From 
an examination of the values of the percentage hydrolysis (100 h 0 ) of 
the salt in pure water it is seen that the experiments in which different 
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Table 12.— Hydrolysis and Ionisation of Ammonium Acetate -at 2x8 and 306°. 

Salt in mixture. Sad in pate mixture. 


Con- 



Percentage hydrolysis 
(100A). 

percentage^ drolysi s 







* Ion- 




CVQua* 









Temper- tion 

Concentra- 

Ioniza- 

By 

By 

Weight 

isa- 

By 

Prom 

By 

ature. of salt 

tion ratio. 

tion 

first 

second 

tion 

**first 

value 

second 

1. C X 10*. Ca/CotCb/C. 

1007*. method, method, mean 

xooro* 

method, of h . method 

218° 11. 91 

0 

. . . 



. . 

43.1 


. . 

53-3 

11-94 

0.995 A 

57*2 

35 >5 

374 

36.0 

43 *i 

52.1 

52.6 


II.90 

1.984 A . 

64.1 

26 . 2 

29*5 

27.0 

43 *i 

6 

52*4 


II .825 

4.007 A 

70 5 

16.5 

22.3 

17.6 

43 *i 

%°*7 

51*7 


Mean, 

.... 


. , 


. . 


k 5 i *5 

52.2 


12.015 

1.005 B 

56.3 

29.6 

38.4 

32.0 

43 *i - 

47 5 

49 8 


11 .92 

1 .964 B 

62 . 1 

21.5 

318 

24.0 

43 1 

474 

50.5 


11.875 

3 937 B 

69.2 

155 

23-7 

17. 1 

43 1 

49 5 

52.1 


Mean, 







48.1 

50.8 


5*97 

0 





43 * 6 * 



* 3 -Z 

6.08 

0.984 A 

57*8 

36.0 

380 

36.5 

43*6 - 

52.4 

52.9 


6.10 

1 .976 A 

65.1 

27 . 1 

30.0 

27.8 

43*6 

52.2 

52.9 


5*975 

4.037 A 

72.4 

17.6 

22 .0 

18.4 

43-6 

51.8 

53 *o 

«* * * 

Mean, 

.... 






' 521 

52.9 


6.02 

1 .038 B 

57-5 

306 

38 -4 

32*7 

43 6 

48.6 

50.7 


6.02 

1-957 B 

64*3 

25.2 

30-9 

4^:5 

43-6 

506 

52.0 


6.015 

3 927 B 

70.7 

16. 1 

23.8 

17.6 

43-6 

$0.0 

524 






i 



X 

— 


Mean, 

— 


*■ 




49*7 

51*7 


306° 29.35 

O 


93 4 


. , 

8.03 

&8 


90*9 

28.76 

i . no A 

ji .69 

86.3 

90.1 

8.03 

92.4 


27*53 

3.218 A 

15.96 

8^.2 

8l .O 

81. 1 

8.03 

9*v.o 

90.9 


Mean, 

si 

. . . 

. . 




92.9 

91.6 


28.34 

2.414 B 

1456. 

85.0 

82 8 

84.0 

8.03 

91 .8 

91. 1 


10.00 

0 

• ••/ 




799 

. . 

. . 

91.2 

9-965 

1 .006 A 

11.29 

90.2 

87.5 

88.9 

7*99 

92.9 

91.9 


9-855 

3*050 A 

1581 

86.0 

82.3 

84 -3 

7 99 

92.7 

91.6 


Mean, 

.... 

. 1 . 

. . 

. . 


. . . 

92.8: 

9 * • 7 


IO.OI 

0.818 B 

10.70 

86.7 

88.2 

87.4 

7*99 

90*3 

90,9 


9*735 

2.591 B 

M- 9 1 

85*. 8 

83.4 

84.7 

7*99 

92.3 

fi 9 * *>5 


Mean, 

— 


•• 

*• 

•• 

... 

,91-3 

91-2 


quantities of acid wetie 

added 

gave 

very 

concordant results. whether 


calculated directly by the first method or from the weighted Iblittiil value 
of the percentage hydrolysis (100 h) for the salt in the R^t^ke* The 
mean value calculated from the latter is, however, to be , %0ifttftdefed the 
j$iost accurate. It will be seen that this agrees well is aa«§ae$' 'frith the 
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value given in the last column, which was calculated directly by the 
second method from the conductance of the salt in pure water. To get 
the best final value from each group of experiments we have combined 
these two by assigning to the former a weight of ioo and to the latter 
a weight equal to the percentage hydrolysis. Table 13 contains the 
final hydrolysis values so obtained, the ionization values for the salt, the 
ionization-constant of water calculated from them by the equation 
K w = and the square root of this constant, which repre- 

sents the concentration C H of the hydrogen (or hydroxide) ion in pure 
water. 

Table 13. — Summary of Values for the Ionization and Hydrolysis of Ammonium 
Acetate and for the Ionization of Water at 218 and 306°. 



Ammonium acetate. 


Ionization- 
constant of 
water X 10 74 . 
Kw X 10“ 

Equivalents 
of hydrogen- 
ion per 

10 7 liters. 
Ch X 10 7 . 

Temper- 

ature. 

Equivalents 
per liter. 

C. 

Percentage 

ionization. 

lOOro. 

Percentage 
hydrolysis. 
100 fi 0 . 

0 

00 

ci 

0.012 

43 I 

52.6 

461 

21-5 


0.006 

43-6 

53-2 

461 

21-5 





Mean, 461 

21.5 

306° 

0.030 

8.03 

91-3 

167 

12.9 


0.010 

7-99 

91.5 

170 

13*0 





Mean, 168 

130 


it. Summary of the Results on the Hydrolysis of Ammonium Acetate 
and the Ionization of Water, Ammonium Hydroxide, 
and Acetic Acid. 

The final values of the percentage hydrolysis of ammonium acetate 
in 0.01 normal solution, of the ionization constants of ammonium hy- 
droxide, acetic acid, and of water (K w = C H C OH ), and of the equivalents 
(C H ) of hydrogen ion or hydroxide ion present in one liter of pure water, 
obtained as described in this article, are summarized in Table 14. We 
have also included in the table values of the ionization constant of water 
at o, 18, and 25 0 derived by Dr. C. W. Kanolt 1 from experiments made 
by him in this laboratory upon the conductance of ammonium hydroxide 
and of diketo-tetrahydrothiazole and upon the hydrolysis of the salt 
of this base and acid, in order to enable the results at the higher tem- 
peratures to be compared and combined with these at lower tem- 
peratures. The value given in the table for the hydrolysis of ammonium 
acetate at 18 0 is not based on direct measurements, but has been computed 
from tttfc ionization constants of water, ammonium hydroxide, and acetic 
at i&at temperature. 

° 1 Tatis Journal, 29, 1414 (1907). 
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Tabus 14.—* Hydrolysis of Ammonium Acetate and Ionization of Water, Ammo- 
nium Hydroxide and Acetic Acid. 


> 

Ionization 


Hydrolysis of 
ammonium 

Temperature, acetate. 

Ionization 
constant 
of water. 

Hydrogen-ion 
concentration 
in pure water. 

constant of 
ammonium 
hydroxide. 

ionisation 
constant of 
acetic acid. 


100*. 

tfw X 10“ 

Ca X 10'. 

Kb X 10*. 

JC* X 10*. 

O 


0.089 

0.30 

13 9 

.... 

18 

(0.35) 

0.46 

0.68 

17.2 

18.3 

25 


0,82 

0.91 

18.0 

.... 

TOO 

4.8 

48 

6.9 

13*5 

II. 14 

156 

18.6 

223 

14.9 

6.28 

5.36 

218 

52-7 

461 

21.5 

1.80 

1.72 

306 

9 i 5 

168 

130 

0.093 

0.139 


It will be seen that the hydrogen-ion concentration in pure water in- 
creases with extraordinary rapidity between o and ioo°; namely, by 
about 3-fold between o° and 25 0 and 7>£-fold between 25 and 100 °. 
Between the latter temperature and 218° the ionization increases more 
slowly, afterwards passes through a maximum (which appears £0 fie 
between 250 and 275 0 ), and finally decreases. When it is considered 
that the ionization of weak acids and bases, as shown by the data for 
ammonium hydroxide, acetic acid, and phosphoric acid, decreases rapidly 
with rising temperature, and that this acts in the same direction in in- 
creasing the hydrolysis of salts as does an increase in the ionization of 
water, it will be evident that the tendency of salts to hydrolyze is enor- 
mously greater at high temperatures, as is well illustrated by the values 
given for ammonium acetate. ^ 

The great increase in hydrolysis is also exemplified by $t|$ hydrolysis 
values for sodium acetate and ammonium chloride in 0.01 normal solution 
that can be calculated from the preceding data: these salts, Rfhkh at 18 0 
are 0.02 per cen% hydrolyzed, are found to be 1.6 per cent, at, 218° and 
3.4 to 4.1 per cent, hydrolyzed at 306 °. 

The fact also deserves mention that the values of the concentration of 
the hydrogen ion in water at o, 18, and 25 0 as derived from KLanolt's 
hydrolysis experiments are 16 to 20 per cent, lower than those obtained 
by Kohlrausch and Heydweiller 1 from the conductance of their purest 
water, and by Lunden 2 from his hydrolysis experiments. 

From these ionization constants (K w ) approximate values of the 
internal-energy increase attending the reaction H a O — H|>+ OH~ 
(the so-called heat of ionization) can be computed by the famifer equa- 
tion 8 derived from the Second Law of Energetics: d log ^(dT 

1 Ann. Phys„ [3] 53, 209 (1&94) » U 1 Sn (1909). & 

* Publications of Nobel Inst., x, No. 8, p. 16 (1907). 

* This equation ceases to be even approximately exact at high temperatures where 
the vapor pressure of water becomes very large* The exact expression, fefe.;siiy he 
derived through the consideration of an appropriate cyclical process, is if H^bws; 
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. K t 
'° s K, 


a log 


&E/RT*. This is best done by integrating it under the assumption 
that A E is a linear function of the temperature as expressed by the 
equation A E «* A E 0 4- aRT . The integral then has the form 

T % AE* ?2 — T x 
T x “ E TjTj * 

From the values of the ionization constant K at o°, 25 °, and ioo°, the 
values of the constants A E 0 and a have been found to be 28460 and 
— 24.923, respectively. Therefore, the general equation for the energy 
increase attending the ionization becomes 

A E =* 28460 — 49.5 T % 
and that for the ionization constant becomes 


log 10 (io 16 /O = 84.450 ~ T — 24.923 log 10 T. 

The values of the energy increase in calories and of the ionization constant 
of water as calculated by these expressions are given in Table 15. 


Table 15. —Internal Energy Increase Attending the Ionization op Water and 
Its Ionization Constant Calculated by an Empirical Equation. 


Temperature*. 

Energy increase. 

Ionization constant 
KX id*. 

O 

14950 

0.088 

18 

14055 

O.46 

25 

13710 

O.81 

50 

12470 

45 

75 

1 1230 

16.9 

100 

9995 

48 

128 

8610 

114 

156 

7225 

217 

218 

(4155) 

(512) 


These values of the ionization constant at o, 25, and ioo° necessarily 
agree with the directly determined ones given in Table 14. It is of inter- 
est to note, however, that this is also true of the calculated value at 156°, 
which shows that up to this temperature the assumed equations hold 


A E 


RT . d JSl^L 

dT 


+ A V.T* 


fdip/T) _d(P/Tf\ 
L dT dT J 


where AE is the energy increase and AF is the volume increase that attends the 
ionization of one mol. of water under the pressure p — P, which is substantially identi- 
cal with the vapor pressure p, since the osmotic pressure P is in this case negligible 
in comparison. Approximate values of A F up to 140° have been computed by Tam- 
mann (Z. physih . Chem., 16, 144 (1894)) which show it to be equal to about — 26 cm. at 
140°; and since it is shown to be increasing at a rate roughly proportional to the com- 
pressibility of water, it probably has a value in the neighborhood of — 40 cm. at 218°. 
Assuming this to be the case, the last term in the above equation can, with the help of 
the existing vapor-pressure data, be shown to have a value of about — 170 calories at 
while the value of A E as computed by the linear equation is 4155 at 218°. Thus 
temperatures above 200° this last term begins to form a substantial part of the 
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true, and that therefore the values interpolated for the intermediate 
temperatures between o and 156° are doubtless substantially correct. 
Even at 218° the difference between the observed and calculated values 
(461 and 512), though doubtless real, is not very large; it lies in such a 
direction as to indicate that the energy change A E is decreasing at a more 
rapid rate at temperatures above 156° than at the temperatures below it 

This is also shown by the fact that the ionization constant at 306° 
is much less than at 218°, while according to the linear equation the value 
of A E should become zero, and therefore that of the ionization constant 
K should become a maximum, very near the former temperature, namely, 
at 302 °. The real maximum value of the constant seems to lie between 
250 and 275 °. Above this temperature A E assumes a negative value; 
and therefore the neutralization of completely ionized acids and bases 
would be attended by an absorption of heat. 

It may also be mentioned that at the lower temperatures the calculated 
values agree well with the heat of neutralization directly measured* by 
Wormann, 1 who found for hydrochloric and nitric acids when neutralized 
with potassium and sodium hydroxides as mean values 14,719 calories 
at o° and 13,410 calories at 25 °. * 

It seems worth while to call attention to a possible theoretical explana- 
tion of the fact that water, unlike all other substances thus far investi- 
gated, continues to increase in ionization up to so high a temperature as 
250 or 275 °. This phenomenon may well arise from the facts that water 
at low temperatures is a highly associated liquid containing only a small 
proportion of H 2 0 molecules, and that this proportion increases rapidly 
with rising temperature. Therefore, even through the fraction of H 2 0 
molecules dissociated into H + and OH~ ions may decrease steadily, yet 
the actual concentration of these ions continues to increase until a large 
proportion of the complex water molecules have been .depolymerized. 

To the Carnegie Institution of Washington we desire to express our 
great indebtedness for the financial assistance by which the execution 
of this investigation has been made possible. 

Boa to 1?, November, 1909. 

THE REACTION BETWEEN AMMONIUM CHLORIDE AND POTAS- 
SIUM DICHROMATE WHEN HEATED. 

By G. B. Frankfurter, v. H. Roebrich and B. v. Manuel. 

Received December 8, 1909. 

Doubtless every one who has given a course of lectures in general chemr 
istry has used the potassium dichromate and ammonium chloride method 
for the preparation of nitrogen, inasmuch as this is one of the me th o ds 
mentioned in nearly all of the old as well as in some of the new texts iof 

* AwCPAj-j**., U 3 18, 793 (1903). 1 ■ 
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inorganic chemistry. One of us using this method some years ago had 
reasons to question the correctness of the reaction as ordinarily given: 

t 2 NH 4 Cl + K 2 Cr 2 0 7 - Cr 2 0 8 + 2KCI + 4H 2 0 + N 2 . 

tter was not carefully examined until some time later when the 
was taken up and carefully investigated. It required but a 
few experiments to show that the gas liberated by heating a mixture 
of ammonium chloride and potassium dichromate is not pure nitrogen. 
On the contrary, it contains, in addition to nitrogen, such amounts of 
nitric oxide and nitrogen peroxide as would make the simple equation 
given above entirely out of the question. In fact, the gas obtained is 
so rich in nitric oxide that when exposed to the air the brown peroxide 
color becomes very distinct. It was found, on looking up the literature, 
that Ramon de Luna/ in a letter to Dumas, first described the method 
and is responsible for the above equation. He intimated, however, 
that the nitrogen obtained was not pure unless passed through a solution 
of iron sulphate. It is evident from this last statement that he was 
aware of the presence of the oxides of nitrogen, although no mention 
of their presence was made and no attempts made to determine the 
quantity of gas liberated. From a number of analyses made under 
widely varying conditions, the writers have concluded that the above re- 
action is only correct in so far as water, some potassium chloride and some 
nitrogen are formed in the reaction. Chromic oxide is formed only after 
prolonged heating at a comparatively high temperature. Nitric oxide 
and nitrogen peroxide are probably formed when the mixture is heated 
at any temperature above 210°. 

The gas first examined was prepared by using the quantities of salts 
recommended by de Luna, namely, equal parts of ammonium chloride 
and potassium dichromate and heating in a hard glass tube containing 
a delivery tube for collecting the gas over water. In these first experi- 
ments we were unable to detect nitrogen peroxide in the gas liberated, 
doubtless on account of its solubility in water. Later when the gases 
were collected over mercury, nitrogen peroxide was always found, varying, 
however, from a very small quantity to 3.5 per cent. Nitric oxide varied 
from 3 to 50 per cent, of the total gas liberated. 

In our first experiments, great difficulty was experienced in preparing 
the gas for analysis, as it was necessary to remove every trace of air from 
the apparatus before the analysis was begun. After many experiments 
with different forms of apparatus, the following figure was constructed 
and used in most of the subsequent analyses: The hard glass tube A 
is connected with drying tube D by means of the three-way cock B; tube 
<3 is connected with an air pump. D is connected with B by means of 
E heavy rubber connector and pinchcock, E. F is connected with gas 
1 Ann. chm. phys [3] 68, 183. " 
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burette J, gas holder K, and drying tube L, for furnishing pure oxygen. 
The leveling tube M is connected with holder K by means of a heavy 
rubber tube. J is connected with gas pipette ,N by means of a three- 
way cock. ^ 

To prepare the gas for analysis, the hard glass tube A was filled with 
the mixture of ammonium chloride and potassium dichromate and con- 
nected with B. Gas burette J and reservoir K were filled with mercury 
up to the capillary tube F. Stopcock B was turned so that A and D 
were in connection with the air pump. The air was then exhausted and 



the apparatus washed out twice with pure nitrogen prepared from am- 
monium nitrite. Finally a vacuum of less than one millimeter was ob- 
tained and the experiment begun by gradually heating A. The gases 
first liberated were collected in the reservoir K until a sufficient quantity 
was obtained for examination, analysis being made of the gas liberated 
at different temperatures, beginning at 210°. 

Analysis of the Gas . — As both nitric oxide and nitrogen peroxide were 
present, a method for the determination of these gases was used, de- 
pending upon the fact that nitrogen peroxide is soluble in potassium 
hydroxide, while nitric oxide is not. All the determinations in the first 
table of analyses were made over mercury with Hempers apparatus 
for the exact analysis of gases over mercury. The nitrogen peroxide 
was first removed by means of caustic potash. The nitric oxide was then 
determined by adding to the residue a known volume of pure oxygen* 
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and noting the change in the combined volumes as indicated by the 
following equation : 

r 2 NO 4- 0 2 - 2N0 2 . 

Finally The results were checked by absorption of the nitrogen peroxide 
formecoJy means of potassium hydroxide. 

In iddllecting the gas, preparatory to analysis and during the process 
of analysis, difficulties arose on account of the nitrogen peroxide attack- 
ing the mercury. We were unable to completely prevent this although 
by carefully drying the gases before coming in contact with the mercury, 
the action was greatly reduced. The following table gives the percentage 
by volume of the total amount of gas liberated on heating equal parts 
of the salts to a dull red heat : 


Tabls i. 

n. no. no*. 

' 55-3 41. 1 

2 55*6 42.2 2.2 

3 54*6 44*o 1.4 

4 50.1 48 5 1-4 

5 54*3 44*6 1.1 

6 48.7 50.1 1.2 

Average 53.1 45.1 17 


An average of twenty analyses gave numbers differing but slightly 
from the above average. The first two analyses were made without 
completely evacuating the apparatus before heating. This doubtless 
accounts for the increased amount of nitrogen peroxide. It is not pos- 
sible that the peroxide found in the other analyses can be due to air as 
the apparatus was thoroughly evacuated before heating. 

In the above analyses, no attempt was made to regulate the tem- 
perature. These first experiments were made by heating the mixture 
with a bunsen lamp until no more gas was given. The analysis was 
then made of a sample of the total amount of gas liberated. Although 
the reaction apparently began at a low temperature, it required a dull 
red heat to complete it and to change the dichromate over into chromic 
oxide. 

That exact data might be obtained concerning the changes which 
take place at different temperatures, an electric heater with a thermostat 
was constructed. The apparatus consisted of a resistance coil packed in 
asbestos. This coil enclosed a double-walled mercury jacket which in 
turn surrounded the bulb containing the mixture of chloride and dichro- 
mate. The mercury in this jacket transmitted the heat to the bulb and 
at the same time, by expansion and contraction, opened and closed a 
s|mnt for regulating the temperature. The bulb was made with a neck 
foir ^introducing a thermometer and a delivery tube for the gases. With 
this apparatus the whole bulb containing the mixture could be uniformly 
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heated and the temperature could be easily kept within a range of two 
degrees. The gases were determined gravimetrically. The water formed 
in the reaction was collected in a phosphoric anhydride bulb ancl the 
nitrogen peroxide was taken out by a small potash bulb. In tl| first 
experiment the nitric oxide was removed by passing the gas Sough 
a piece of apparatus consisting of a sodium peroxide tube folloWM by 
a pyrogallate bulb, the latter being used for the purpose of retaining any 
oxygen which might be liberated by traces of moisture coming in contact 
with the peroxide. Later this gas was determined by absorption in a 
ferrous sulphate solution. The nitrogen was collected and measured 
over water. 

The following table of weights was obtained by heating a mixture of 
two molecules of ammonium chloride and one molecule of potassium 
dichromate at a temperature of 288-290° until gas ceased to come off. 
This required about eight hours. Previous to heating, the whole ap- 
paratus was carefully swept out with pure nitrogen. The absorption 
bulbs were removed at the end of the experiment and weighed. That* 
these data may be compared with those of Table r, the nitrogen and the 
oxides of nitrogen have been converted into percentages by* volume. 
The following is a result of three analyses: 


Analysis. 

Table 2. 

1. 

Grams. 

11 

Grams. 

in. 

Grams. 

Weight of mixture 

7 . 5000 

12 046 

12 .046 

H a O 

0 . 6470 

1.446 

I .3280 

NO* 

O.0127 

0.0272 

O.OO52 

NO 

.. 0.0072 

lost 

0.0269 

N. 

0.3280 

0.6000 

O.4663 

CrPa^HjO 


4.520 


NO* by volume 

2.26 


O.63 

NO by volume 

.. I.97 


5 .08 

N, 

•• 95*77 



94.29 

these determinations 

the ammonium 

chloride 

and potassium di- 


chromate were not all decomposed, both being found unchanged in the 
residue after heating at 290°. In fact, the water and nitrogen liberated 
were only about one-half of the amount which should, have been given 
off, had the reaction been complete and all of ammonium chloride and 
dichromate decomposed. 

A comparison of this table with Table 1 will show that entirely different 
reactions take place when the mixture is heated at 290° and at a dull 
red heat. This is not only evident from the composition of the gas liber- 
ated but also from the nature of the residue left after lixiviation. 

Hydrated Chromic Oxide , Cr % 0 v 2Hfi , — No change takes place in a 
mixture of ammonium chloride and potassium dichromate until a tern- 
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perature of 210° is reached. At this point slow decomposition begins 
and the mixture turns yellowish brown, due to the formation of chro- 
mium dioxide. 1 If the temperature is raised to 260° a slate-colored residue 
remains which, on lixiviating with water, leaves small greenish black 
iridescent spangles. This substance proved to be a hydrated oxide of 
chromium containing, however, a trace of chlorine which was very diffi- 
cult to remove. Two analyses of this substance gave the following: 

I. 0.5090 g. substance gave 0.0978 g. H 2 0 = 19.2 per cent. 

II. 2.9608 g. substance gave 0.6474 &• H 3 0 = 21.6 per cent. 

Cr 3 0 3 .2H 2 0, 2H 2 0 «= 19.15. 

The samples used in the above analyses were, prepared at different times 
and under different conditions. The oxide used in the first analysis was 

dried in a vacuum desiccator, while that used in the second was dried 

in an air bath at ioo°. 

The change which takes place when a mixture of ammonium chloride 
and potassium dichromatc is heated may be further shown from the 
fact that not only a change of temperature but also a change in the pro- 
portions of the salts will change the reaction. For instance, when a 
mixture of one part of ammonium chloride and four of the dichromate 
is heated to 370° a gray residue remains containing a trace of a violet 
substance, presumably the trichloride, as chromium chloride was found 
in the residue. When the above proportions were used no unchanged 
dichromate was found in the residue after heating. However, a strong 
odor of ammonia was noticed when the retort was opened. 

When, the proportions were reversed, using one part of ammonium 
chlorid^ Jind four of the dichromate and the mixture heated to 370°, 
a black^residue together with some unchanged diciiromate remained. 
No violet compound was found. 

The first change which evidently takes place on heating a mixture 
of ammonium chloride and potassium dichromate is the dissociation of 
the ammonium chloride. By diffusion, the ammonia passes up through 
the mixture and into the drying bulbs more rapidly than does the hy- 
drochloric acid. There is left, then, in the mixture, free hydrochloric 
acicf which reacts with the dichromate. By varying the temperature 
and the amount of hydrochloric acid, a series of reactions may take place 
giving all of the substances which have been found. The following 
may represent some of these equations: 

1. 2 NH 4 C 1 + 2HC1 + 2K 3 Cr a 0 7 - 4KCI + 2 Cr 2 0 8 + NO + NO, + 

5H 2 0. , 

2. 3NH 4 C1 + 2HCI + 2K 3 Cr 2 0 7 - 4KCI + 2Cr 3 0 8 + N, + NO + Cl + 

7 h,o. 

3. 2NH4CI + 4HC1 + 2K 3 Cr 3 0 7 « 4KCI + 2Cr 3 0 3 + 2NO + Cl + 6 H 3 0 . 

1 Butt, m, chim., 4 o, 168; Proc, Chem, Soc., 24, 27, * 
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4. 4NH 4 C1 + 6HC1 + 2K*Cr 3 0, «* 4 KC1 + Cr 2 O a + 2CrCl s + 2N + 
iiH 3 0. . 

5. 2NH 4 C1 + 8HC1 + 2K 2 Cr 2 0 7 - 4KCI + 2Cr 2 0 8 + N 2 4- 3C4 + 
8H a O. 

At a high temperature and especially where an excess of the dichromate 
is used, chlorine is liberated as indicated in equations 2 and 3. 

Some of the above equations are only possible, of course, when a part 
of the dissociated ammonia has been eliminated from the reaction as 
for instance by the phosphoric anhydride bulb. Any free ammonia 
left would react with the oxides of nitrogen and chlorine, liberating free 
nitrogen. 

The substances above mentioned are by no means the only ones formed 
when the above mixtures are heated. There is formed in addition to 
the above substances, a small amount (representing about one per cent.) 
of a substance which, when brought in contact with water, liberates pure 
nitrogen. This substance appears to be a chromyl nitride, and is n€w 
under further investigation. 

A summary of the principal facts noted above may be stated as follows: 

1. The reaction between ammonium chloride and potassiuih dichro- 
mate when heated is not correct as ordinarily given. 

2. The oxides of nitrogen are always present in the gas liberated. 

3. Both ammonia and chlorine are liberated under certain conditions. 

4. Other chromium compounds besides the common oxide are formed. 

5. A nitride, presumably trichromyl nitride is formed. 

6. The complex nature of this reaction is due in very large jpeasure 
to the dissociation of ammonium chloride. 

University of Minnesota, Minneapolis. \ 

THE ACTION OF THIONYL AND SULPHURYL CHLORIDES ON 
MERCURY AND MERCURIC OXIDE. 

By H. B. North. 

Received December 7» 1909. 

The action of sulphuryl chloride on mercuric oxide has already been 
studied by Spelta. 1 He states that red oxide of mercury and sulphuryl 
chloride do not react in the cold or even after prolonged heating in 
sealed glass tubes. 

Yellow oxide of mercury, on the contrary, was found by Spelta to 
react mtb sulphuryl chloride when the two are heated together in sealed 
glass tubes at 150°. He indicates that the reaction proceeds according 
to the equation 

(a) 2HgO + S0 2 C1 2 - HgCl 2 + HgS0 4 
or 

, (6) HgO 4- S0 3 C1* - HgClj + SO, 

1 cbim* 34, 26a (1904). 
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depending upon the relative quantities of oxide and reagent employed. 

During the course of a general research on the action of thionyl and 
sulphuryl chlorides on metals and metallic oxides, the author has had 
occasion to repeat the work of Spelta. The results, however, do not 
entirely concord with those obtained by the latter, as no great difficulty 
was experienced in causing sulphuryl chloride and red mercuric oxide 
to react. 

Sulphuryl Chloride and Mercuric Oxide . — When yellow mercuric oxide 
and sulphuryl chloride were brought together at the ordinary temperature 
and pressure, reaction commenced immediately, but proceeded very 
slowly. After standing several days the yellow color had entirely dis- 
appeared. The white powder which remained consisted of a mixture 
of mercurous and mercuric chlorides. 

Small quantities of the yellow oxide with an excess of sulphuryl chloride 
were then heated together in sealed glass tubes at a temperature of about 
150°. Reaction was complete after a few hours. The solid contents 
of the tubes appeared in the form of clear, colorless crystals, some of 
which were over 1 cm. in length. When the tubes were opened, con- 
siderable pressure was noted and dense white fumes, consisting in part 
of sulphur trioxide, were given off. 

The crystals were dried between filter papers and analyzed. Qualita- 
tive tests failed to show more than mere traces of sulphate, and this was 
probably due to sulphur trioxide formed in the reaction. Quantitative 
analysis showed the crystals to be mercuric chloride. From this it is 
evident that, as reported by Spelta, the reaction proceeds according to 
the equation “h" heretofore given. That no mercuric sulphate was 
present was of course due to the fact that a considerable excess of sul- 
phuryl chloride was employed. 

Red oxide of mercury, in contrast to the yellow compound, did not 
immediately react with sulphuryl chloride in the cold, but after standing 
several days, some reaction had taken place for the mixture was found 
to contain traces of both mercurous and mercuric chlorides. As pre- 
viously stated, no great difficulty was encountered in causing them to 
react by heating in sealed glass tubes. Moreover, the temperature neces- 
sary was only 160-180°. Reaction was complete after 15 or 20 hours. 

The results were the same as those obtained from the experiment with 
the yellow oxide. The crystals were large and clear, and when the tubes 
were opened dense white fumes containing sulphur trioxide were evolved. 
Likewise the crystals analyzed to mercuric chloride and showed a mere 
trace of sulphate. 

Why this result differs from that obtained by Spelta is difficult to 
explain. It is possible, however, that the oxide used by him had been 
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prepared at a higher temperature, in which case it would naturally show 
greater resistance to the action of the reagent. 

Sulphuryl Chloride and Mercury . — Sulphuryl chloride was found to 
have no action upon metallic mercury under ordinary conditions of tem- 
perature and pressure. But when heated together in sealed glass tubes 
at i6o~i8o°, reaction was complete after a few hours and a well crystal- 
lized product resulted. Great pressure was developed and much sulphur 
dioxide was evolved when the tubes were opened. The crystals analyzed 
to mercuric chloride and contained no sulphate. It is probable that 
the reaction is a simple one, as expressed by the following equation: 
Hg 4* S0 2 C1 2 - HgCl 2 + S0 2 . 

When an excess of mercury was used, the solid product formed was 
noncrystalline, and consisted entirely of mercurous chloride. 

Thionyl Chloride and Mercuric Oxide. — A very strong reaction resulted 
upon bringing thionyl chloride into contact with yellow mercuric oxide. 
Much heat was evolved and the solid contents of the tube became white. 
Reaction stopped after a few minutes The white mass was found to 
be a mixture of the two chlorides of mercury. When red oxide of mercury 
was employed, the same reaction took place, but much more slowly.* 

In order to obtain better products, both reactions were carried out in 
sealed glass tubes at about i6o°. After heating several hours the tubes 
presented the same appearance. The crystals were large, and the super- 
natant liquid was clear but slightly yellowish in color. 

Upon opening the tubes they were found to be under no pressure and 
no sulphur dioxide was evolved. The cry*stals were mercuric chloride 
and contained no sulphate. The author is of the opinion that reaction 
takes place with the formation of sulphuryl chloride and sulphur mono- 
chloride according to the following equation: 

HgO + 5 SOCl 2 - HgCl 2 + 3 S0 2 C1 2 + S 2 C1 2 . 

The fact that no gaseous products were formed seems to substantiate 
this view. Furthermore, the supernatant liquid, after decomposition 
by water, gave a strong test for sulphuric acid. When thionyl chloride 
is decomposed by water the products are hydrochloric acid and sulphur 
dioxide. 

If the above reaction is true, it can take place only when a large excess 
of thionyl chloride is present. To ascertain the truth of this, other 
tubes were prepared, care being taken to employ less of the reagent* In 
these tubes considerable pressure was developed due to sulphur dioxide 
formed. The reaction probably proceeds according to the equation 
HgO + SOCl 2 - HgCljj + S0 3 . 

Thionyl Chloride and Mercury < — Thionyl chloride, like sulphuryl chloride, 
was found £9 have no reaction upon metallic mercury in the cold. But 



THEORY OF HETEROGENEOUS DISSOCIATION EQUILIBRIUM. 1S7 


after heating in sealed glass tubes for a few hours at 150°, reaction was 
complete. As in the case of thionyl chloride and mercuric oxide, when 
a large excess of reagent was employed, no sulphur dioxide was formed 
and the tubes were therefore under no pressure. But when only a slight 
excess was employed, considerable pressure was developed. In both 
cases a strong odor of sulphur monochloride was noticeable while the 
crystals were being dried, and the filter paper was colored slightly yellow, 
evidently by this compound. Reaction probably proceeds according 
to one of the two following equations, depending upon the amount of 
thionyl chloride used : 

Hg + 4 S0C1 2 - HgClj 4- 2S0 2 C1 2 + S 2 C1 2 
3 Hg + 4 vSOC1 2 - 3HgCl 2 + 2S0 2 + S 3 C1 2 . 

When an excess of mercury was employed, mercurous chloride, .sulphur 
dioxide and sulphur monochloride were the products. 

The author has heretofore investigated many reactions between thionyl 
chloride and metals or oxides, but the two above-mentioned reactions, 
in which a large excess of thionyl chloride was used, are the first he has 
found in which no pressure is developed or in which sulphur dioxide is 
not one of the final products. It has not been possible to positively 
identify sulphuryl chloride inasmuch as the amount of thionyl chloride 
used was small, and the boiling points of the two liquids are too close 
to allow of definite tests by fractional distillation of small quantities. 
However, considering the facts heretofore given, the author has little 
doubt that the reaction proceeds with the formation of sulphuryl chloride, 
according to the equations given. 

The two reactions with sulphuryl chloride are also noteworthy inasmuch 
as they are the first reactions found for this reagent in which sulphur 
trioxide or a sulphate is produced. 

Faculty dbs Sciences db Paris, 

Laboratoirb db chxmib g6n£rale. 


[Contribution from the Laboratories of General and Physical Chemistry of 
the University of Chicago.] 

DOES CALOMEL FURNISH ANOTHER CONTRADICTION OF THE 
THEORY OF HETEROGENEOUS DISSOCIATION EQUILIBRIUM? 

By Alexander Smith. 

Received January 4, 1910. 

As is well known, undried ammonium chloride gives, at 360°, values 
for the vapor density corresponding to the formula NH 4 C1, and indi- 
cating complete dissociation. Brereton Baker, 1 however, using the 
Victor Meyer and the Dumas methods found that the salt, when elaborately 
dried, gave at the same temperature values corresponding very nearly 
1 Cham* Soc., 65, 615; 73, 475. a* 



x88 


general, physical and inorganic. 


to the formula NH 4 C1. Since, in each case, to operate the method, about 
one atmosphere pressure of the vapor was necessary, it is fair to infer 
that in the first case the undried solid was in equilibrium with a minute 
partial pressure of the undissociated molecules, while in the second case 
the dried solid was in equilibrium with something like 760 mm. pressure 
of the same molecules. Abegg 1 has recently called attention to this 
anomaly, consisting in an apparent contradiction of the theory of hetero- 
geneous dissociation equilibrium. At his instance, F. M. G. Johnson 3 
has measured the vapor pressures of the salt, and established the fact 
that at about 340 0 the dried and undried forms of the substance do give 
undissociated and dissociated vapor, respectively, and yet exhibit equal 
pressures (amounting to 760 mm.) of the saturated vapors. The 
existence of the anomaly is therefore demonstrated. 

Now Brereton Baker 8 found likewise that dried calomel, at 445 °, gave 
vapor densities corresponding very nearly to the formula Hg 2 Cl 2 (average 
density, 435; theory for HgjjCLj, 470). Yet, as is well known, calomel 
when undried gives at this temperature vapor densities corresponding to*' 
the formula HgCl (or Hg 4 HgCl 3 ). The purpose of this paper is to 
point out that calomel appears therefore to exhibit the same* anomaly 
as does ammonium chloride. The inference is, in the case of calomel, 
to a very slight degree less certain of confirmation, since at 445 0 calomel 
gives a vapor pressure of about two atmospheres, and at 760 mm. the 
vapor is therefore only half saturated and is not in equilibrium with the 
solid. It seems, nevertheless, probable that, at one and the same tempera- 
ture, dried calomel will be found to be in equilibrium with 760 mm. pres- 
sure of Hg 2 Cl 2 molecules, although undried calomel will give the same total 
pressure, and only a minute partial pressure of the undissociated molecules. 
Experiments to ascertain whether calomel does actually exhibit this 
anomaly are now being made in this laboratory. 

The matter is of great significance for the explanation of Abegg's 
anomaly. Among the suggested explanations, the two most plausible 
are: (1) Abegg’ s 4 that the heat of formation of gaseous, undissociated 
NH 4 C1 happens to be equal to the heat of dissociation of gaseous NH 4 C1 
into NH S 4- HC1; and (2) Wegscheider's 5 that it is a case of polymorphy, 
and suspended transformation in the dry sample, accompanied by acci- 
dental identity of the high vapor pressure of NH 4 C1 molecules from the 
form unstable at 360° with the vapor pressure of NH 8 and HC1 molecules 
from the form stable at 360°. Either explanation depends on a coincidence 

* Z. pkysik. Chetn ., 6i, 455. 

* Ibid., 6j, 457. 

* Ckm. Soc. t 77, 646. 

4 Z. pfysih. Chem., 6a # 608. 

8 Ibid., 65, 97* 
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which could not occur in precisely the same way wittCa different substance 
unless the coincidence was due to some as yet unrecognized general 
relation, and not to accident. 

Chicago, December 20, 1909. 

THE CONDENSATION PRODUCTS OF MELLITIC ACID WITH META- 
AMINO PHENOL AND THEIR BEARING ON THE RELATION- 
SHIP OF COLOR AND FLUORESCENCE 
TO CONSTITUTION. 

By Oswald Silbkrrad and Charles Smart Roy. 

Received November 27, 1909. 

In a previous paper by one of the authors on the condensation products 
of mellitic 1 and pyromellitic acids with resorcinol , 2 much evidence was 
brought to show that color and fluorescence are not necessarily dependent 
on quinoidal structure. 

The present work deals with the corresponding rhodamines, and fully 
confirms the conclusions arrived at in the previous paper. Coupled 
with, and to some extent interdependent on these results is the possi- 
bility of ascribing fluorescence to oscillatory tautomerism. As will be 
shown below it is illogical and impractical to formulate all the com- 
pounds dealt with in this paper on the quinone system, and since they are 
without exception intensely colored and strongly fluorescent, it becomes 
evident that a quinoidal grouping is not a necessarily integral part of a 
colored and fluorescent compound. 

The compounds dealt with in this paper may be divided into three 
groups, namely: 

1. Monoxanthyl Derivatives , of which tetramethyldiaminoxanthyl- 
benzenepentacarboxylic acid may be taken as typical — formula I rep- 
resents the potassium salt, 

(CH a ),N0 /O V QjN(CH 3 ), 

COOK 

COOK 
COOK. 

I. 

2. Dixanthyl Derivatives . — These exist in two modifications according 
to whether the xanthyl groups are para or meta to one another. They 
behave as tetrabasic adds: 

1 The mellitic acid required for this investigation was manufactured from charcoal 
according to British Patent No, 24,562, '07. 

* Silberrad, J. Chem . Soc. t 89, 1789 (1906). 
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(CH»),N| 


,N(CH,), 


\/\ /\/ 
C— OH 

COOK /\ COOK 

COOK (J COOK 
COH 


(CH S )^I 


lN(CH s ), 


(CH,),N, 


|N(CH,), 


\/\ /V 

C— OH 

cook/\cook 


COOKl^ylC (OH) 
COOK 



_N(CH,), 


N(CH,), 


The potassium salt of 

XX. Octamethyltetraminodihydroxyparadixanthylbenzenetetracarboxylic acid 

and of 

HI. Octamethyltetraminodihydroxymetadixanthylbenzenetetracarboxylic acid. 

3 . Trixanthyl Derivatives , of which hydrated dodecamethylhexanjflno- 
trihydroxysymtrixanthylbenzenetricarboxylactone may be regarded a§ 
typical (formula VI). This is a well-defined base which gives rise to a 
readily soluble hydrochloride. 

All these compounds form anisolines which may with equal readiness 
be formulated either as carbinol (IV) or quinone derivatives (V). 


(CH 8 ) a Ni 


|N(CH 8 ),C1 


(ch 8 ) s n^; 




NICHj^jjCI 


COOCJI/ \COOC,H 5 

cooc,h1 Jcooc 2 h 6 


COOC f H 6 /\cOOC t H 6 

cooc 2 hI Jcooc,h 5 


> 

— c 

YY 

\ 

Cf'f) ■ 

C1(CH,),n1^ 

XX 

0 

/ N(CH S ), 



Octamethyltetramijbdihydroxyparadixaiithylbenzenetetracarboxylic ethyl ester 
dichloride. ? 


Of the two formulas, the balance of evidence is clearly in favor of a 
non-quinoidal4tructure, for there is no reason for assuming the anisolinfes 
to differ frosli the parent acids, the constitutions of which are fairly defi- 
nitely settled below. 

Consttii/Uon of the Rhodamines of Mellitic Acid . — In dealing with this 
subject ft will be found simplest to consider the trixanthyl derivatives 
in th^ first place. 

Hydrated dodecamethylhexaminotrihydroxytrixanthylbenzenetricar- 
boxylactone may tm^regarded as typical. Of the many configurations 
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it is possible to suggest on paper, we need seriously consider only two 
(VI and VII). The others will be found either to represent carboxylic 
acids, which may be rejected at once as the compound is a strong base, 
insoluble in caustic potash, or else, less satisfactory modifications of VI 
and VII. 

OH H 

\ / 

O 



(CH,),N 


« 1 

oh-o c — L y 

<Z> 7 

(CH,),N O- 



(CH 4 ),NH— — 0 /xco _ / N(CH.), 

c °n o 
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-C O — OH 

% f 

<z> 

NH (CH,) f 


VII. 

Hydrated dodecamethylhexaminotrihydroxytrixanthylbenzenetricarboxy lactone. 


The problem thus resolves itself into the question, Is this coloring matter 
a quinone or a lactone? 

The compound is readily soluble in hydrochloric acid with formation 
of a hexahydrochloride without loss of water: formulating this salt on the 
two systems they assume the configurations represented by VIII and IX. 


H OH 




ORGANIC AND BIG^OGICAI,. 


192 


OH 




HC1(CH 8 )N^ / ^^N(CH 8 ) t HCl 
HC1(CH S ),N COOHf^^COOH N(CH S ) S HC1 
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0H“°< >- 

O 

HC1(CH S ) # N 


COOH 


IX. 


o 
°< >°-° h 
<z> 

N(CH 8 ),HC1 


Hexahydrochloride of hydrated dodecamethylhexaminotrihydroxytrixanthylben- 
zenetricarboxy lacto n e . 


Of these two formula VIII is far the more probable. A free tricarboxylic 
acid such as represented by formula IX would scarcely form a hexa- 
hydrochloride ; compare for instance the strongly acid character of the 
monoxanthyl derivatives which form pentabasic salts (I). 

Further, anisolation can only be effected with extreme difficulty, 
whereas the dixanthyl derivatives, which are proved below fo exist as 
inner salts, form anisolines with great readiness. This property must 
therefore be regarded as strong evidence in favor of the lactonic formula. 

The anisoline chlorides combine with three molecules of hydrochloric 
acid forming trihydrochlorides of the trichlorides. These compounds 
can be formulated with equal readiness as lactones or quinones, X, XI. 


H Cl 



X. 


Of the two formulas X is to be preferred, for although in this case 
the treatment required for anisolation is so drastic that the constitution 
may well have suffered alteration in the process, yet in the case of the 
dixanthyl compounds anisolation proceeds with the utmost ease: for this 
reason also the formula X is preferred to XII as well as to XI for the 
hydrochloride of the anisoline chloride; it is more strictly parallel with 
the most probable ^gpila of the dixanthyl anisolines. 
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V 


Cl 
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N(CH,), 
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(CH,).N 
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XI. 


N(CH,),C1 


Trihydrochloride of anhydrododecamethy Ihexaminotri hydroxy trixanthylbenzene- 
tricarboxylic ethyl ester trichloride. 


HC1(CH 8 ) s N/\/ 0 \/\N(CH,),Cl 
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Hence this again must be regarded as an argument in favor of the 
lactonic formula. 

Action of Caustic Potash . — As already stated the compound is insoluble 
in caustic potash; heated with this reagent it slowly decomposes with 
evolution of dimethylamine. Such behavior is fairly conclusive evidence 
for the lactone formula. Indeed the possibility of an inner salt as rep- 
resented by formula VII-IX withstanding the action of caustic potash 
in this manner is almost out of the question, especially when it is rec- 
ollected that inner salts of the dixanthyl derivatives exhibit no such 
tendency, but dissolve immediately, forming tetrabasic salts (II and III). 

It becomes evident therefore that the formula VI represents the 
constitution of hydrated dodecamethylhexaminotrihydroxytrixanthyl- 
benzenetricarboxylactone, its hexahydrochloride being represented by 
formula VIII; while formula X most probably represents the constitution 
of the hydrochloride of the corresponding anisoline chloride. 

Constitution of the Mono- and Dixanthyl Derivatives . — On carefully con- 
sidering the properties of these derivatives in the light of the above argu- 
ments, it will become fairly evident that the parent compounds — for 
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instance tetramethyldiaminohydroxyxanthylbenzenepentacarboxylic acid 
and octamethyltetraminodihydroxyparadixanthylbenzenetetracarboxylic 

acid — are to be regarded, not as hydrated lactones, but as inner salts, 
XIII and XIV. 




XIII. Tetramethyldiammohydroxyxantbylbenzenepentacarboxylic acid. 

XIV. Octamethyltetraminodihydroxyparadixanthylbeuzenetetracarboxylic acid. 


Amsolation, Action of Alkalies , Etc . — Unlike the trixanthyl derivatives 
these compounds anisolate with the greatest ease and dissolve at once in 
potash or ammonia, forming penta- and tetrabasic salts respectively 
(I and II). They can hardly therefore be regarded as hydrated lactones 
analogous to the trixanthyl compound which is insoluble in alkalies and 
readily dissolved in acids, but must be inner salts of true carboxylic acids. 

The Formation of Dixanthyl Derivatives affords, perhaps, the most 
conclusive proof that the parent compounds are true inner salts. 

When mellitic acid is heated with four molecular proportions of resor- 
cinol it was shown by one of the authors 1 that the monoxanthyl deriv- 
ative first formed passed exclusively to the meta compound thus: 




When* however, dimethylmetaaminophenol is substituted for resor- 
cinol the para derivative is the sole product: 

1 J Loc tit. 
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If, however, a small quantity of sulphuric acid be added the inner 
salt is broken up and the condensation proceeds in the normal manner 
with formation of the meta compound, the yield being almost theoretical: 


;ch,),w 


v/ 0 \> 


C.OH 


V 

>H 

cooh/\cooh 

coohI^cooh 

COOH 


f H,so 4 



From this it may be reasonably concluded that the parent compound 
exists as an inner salt. 


H Cl 

V 

o 
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XV. 


H Cl 

Y 



A 

XVI. 


XV. Tetrahydrochloride of octamethyltetrammodihydroxydixanthylbenzene- 
tetracarboxylic acid. 

XVI. Dihydrochloride of anhydro-octamethyltetraminodihydroxydixanthyb 
beazenetetracarboxylic ethyl ester dichloride. 
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The formation of a tetrahydrochloride of the add (XV) and also the 
higher hydrochlorides of the anisolines (XVI) thus becomes a function of 
the latent property of the pyrone oxygen to become tetravalent . 1 

Lactones Isomeric bui Not Tautomeric with Compounds of Quinonoid 
Structure . — In the previous work by one of the authors already referred 
to 2 indications were obtained that the lactone ring in these complex 
phthaleins shows much greater stability than has usually been attributed 
to it in compounds of this group. The present work has afforded addi- 
tional evidence of this, for the trixanthyl derivatives, which must, as 
shown above, be regarded as lactones, are insoluble in alkalies but dis- 
solve as lactones in acids (compare formulas VI and VIII), yielding 
solutions almost as strongly fluorescent as their corresponding anisolines, 
which, as has also been shown above, can be formulated with equal readi- 
ness either as quinonoid or carbinol derivatives (compare formulas X 
and XI). This has an important bearing on the theory of fluorescence 
of the phthalein group, which has generally been attributed to an oscilla- 
tory tautomerism between the lactone and quinonoid structures, inas- 
much as it shows that no such oscillatory tautomerism can exist or account 
for the fluorescence of those compounds. 

Orientation of the Xanihyl Groups in Aminodixanthyl Derivatives of 
Mellitic Acid . — As in the previous study of the resorcinol derivatives 2 the 
problem presented itself as to the relative positions of the xanthyl groups 
in the dixanthyl derivatives. As before, the method used for differentia- 
ting between the meta and the para position was to ascertain whether a 
third xanthyl group could be introduced. 

Two isomeric dixanthyl derivatives are formed when mellitic acid is 
heated with dimethylmetaaminophenol, according as sulphuric acid is 
present or not. It is found that the compound prepared in presence of 
sulphuric acid is capable of taking up a third xanthyl group on beating 
with excess of dimethylmetaaminophenol, the resultant compound having 
the formula VI. Hence the dixanthyl compound from which this was 
prepared must have been a meta derivative, a salt of which is represented 
by formula III. When, however, mellitic acid and dimethylmetaamino- 
phenol are heated together in absence of sulphuric acid, the product re- 
fuses to take up a third xanthyl group and is therefore the para compound, 
a salt of which is shown in formula II. 

Since the para compound still contains two pairs of carboxylic groups 
ortho to one another, the non-formation of a trixanthyl derivative must 
be directly attributed to stearic hindrance, of which this thus forms one 
of the clearest examples on record. 

Apart from this property the meta and para isomerides differ in oth«$ 

1 Compare Silberrod, Proc. Chem. $oc. t 24 , 209 (1908). 

s Loc tit. r 
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respects. Thus the octamethyltetraminodihydroxymetadixanthylben- 
zenetetracarboxylic acid is more readily anisolated than the para com- 
pound. In color also the two isomers show a marked difference. 

Conclusions. 

1. That, although it is conceivable that certain of these compounds — 
notably the anisolines — may possess a quinonoid structure, to represent 
them all as quinones, involves an absolute disregard for their properties 
and an indiscriminate introduction of the tetravalent oxygen irrespective 
of whether the presence of this element exercises a basic or acidic in- 
fluence on the molecule. 

2. That it may be regarded as fairly proved that the presence of quinoidal 
grouping is not an essential integral part of a colored or fluorescent com - 
pound . 

Experimental Part. 

In preparing the desired compounds the reacting ingredients were 
mixed in approximately molecular proportions and heated under widely 
varying conditions and the product from each experiment roughly purified 
and analyzed. A large quantity of the material was then prepared by 
that method which gave rise to the purest product. Final purification 
was, in most cases, effected by systematic fractional precipitation, samples 
being taken from time to time and analyzed ; the fractionation was then 
again proceeded with until the analytical results became constant. 
In the execution of this work over four hundred analyses, the majority 
being nitrogen estimations, were carried out. 

Monoxanthyl Derivatives. 

3,6-Diamino - 9- hydroxyxanthylbenzene-2-carhoxylactone 3,4,5,6-Tetracar- 
boxylic Acid (2 molecules metaaminophenol + 1 molecule mellitie acid), 

^ 24 ^ 14 ^ 11 ^ 2 * 

Preparation. — A finely powdered mixture of 6.84 parts mellitie acid 
and 4.32 parts metaaminophenol is heated to 160° for 8 hours. The 
resulting mass is ground and extracted with dilute aqueous caustic potash, 
the solution obtained filtered and the condensation product precipitated 
by acidification. The precipitate is filtered off, washed with boiling 
water, and then with alcohol, until the alcoholic washings are only slightly 
colored. The residue is purified by repeated fractional precipitation 
from an alkaline solution by the addition of dilute hydrochloric acid. 
The precipitate is finally boiled with a large volume of water, filtered and 
dried on a porous tile at ioo°. 

Calculated for C*H J4 O n N f : N, 5 . 53. 

Found (three different preparations): N, 5.39, 5.55, 5,38. 

Properties. — Light brown, amorphous powder, decomposing without 
melting above 300 °. Insoluble in water, concentrated hydrochlorite acid 
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and nearly all organic solvents. Readily soluble in dilute alkalies giving 
a deep brown solution having a green fluorescence, precipitated from its 
solution on acidulation. Readily soluble in concentrated sulphuric acid, 
giving a brownish black solution, from which, on dilution, the acid is 
again precipitated. Fairly soluble in glacial acetic acid, giving a dark 
brown solution, from which the compound is precipitated on dilution. 

Potassium Salt . — This is prepared by boiling an excess of the acid 
with dilute caustic potash, filtering off the excess and evaporating the 
neutral solution thus obtained to dryness. The salt separates out as a 
dark brown powder with a very dark bronzy metallic reflex; readily 
soluble in water, giving a deep brown solution. 

Silver Salt , C 24 H 10 O u N 2 Ag 4 . — This is precipitated as a dark brown 
powder on adding silver nitrate to a solution of the potassium salt. It is 
fairly stable to heat and light; is decomposed by dilute nitric and glacial 
acetic acids, the free acid being precipitated. It dissolves instantly in 
ammonia. 

Calculated for C M H 10 O u N 2 Ag 4 : Ag, 46.25. * 

Found (two different preparations): Ag, 46.35, 46. 3$. 

The copper, barium, lead, ferrous and chromium salts form brown 
precipitates, while the cobalt, mercuric and ferric salts are reddish brown 
in color. The compound forms no definite hydrochloride. 

T etramethyl-3,6-diamino-g-hydroxyxanthyibenzenepentacarboxylic Acid (2 
mols. dimethylmetaaminophenol -f 1 mol. mellitic acid), C 28 H 24 0 12 N 2 . 

Preparation . — A finely ground mixture of 6.2 parts mellitic acid and 
5 parts dimethylmetaaminophenol is heated to 170° for 8 hours. During 
heating the mixture gradually solidifies, and on cooling forms a hard 
bronzy mass. This is powdered, boiled with water and then with alcohol 
to remove any unchanged acid or phenol. The condensation product is 
dissolved in dilute aqueous caustic potash, filtered and fractionally precipi- 
tated by the addition of hydrochloric acid. This treatment will be found 
insufficient to remove the impurities present. (The purest fraction from 
the fifteenth precipitation gave N = 5.17; requires 4.84 per 

cent.) In order to obtain the pure compound, protracted extraction 
with alcohol followed by repeated fractional precipitation from its solu- 
tion in dilute alkali by the addition of acid is necessary. In this way ; a 
pure compound is ultimately obtained. 

Calculated for C^H^OjjNj: C, 57-9°; H, 4.17; N, 4.S4. 

Found (three different preparations): 0,57.68, 57.72; H, 4.24, 4.22; N, 4.94* 

4.91,4.95. 

Properties . — Ufoorphous heliotrope-colored powder which decomposes, 
without melting, Above 300°. * Dyes silk and wool a silvery violet-pink. 
Insoluble in water, alcohol, chloroform, ether and ethyl acetate and only 
tyery slightly soluble id aniline and phenol. Slightly soluble in glacial 
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acetic acid from which solution it is precipitated on dilution with water. 
Soluble in concentrated hydrochloric and sulphuric acids giving brown 
solutions; on dilution the pink color returns and the acid is for the most 
part precipitated unaltered. Readily soluble in dilute caustic potash 
and ammonia, giving dark red solutions having a brown fluorescence; 
from these solutions the compound is precipitated on acidulation. 

The Potassium Salt is prepared by boiling an excess of the acid with 
dilute alkali, filtering off the excess and evaporating the neutral solution 
to dryness. The salt forms a dark violet- red powder having a dark 
violet reflex. It is very soluble in water and its solution fluoresces strongly. 

The Silver Salt C 28 H l9 0 12 N 2 Ag 5 is precipitated as a dark blood-red 
precipitate, which when dry has a dark reddish brown color and is re- 
markably stable to light. Dissolves instantly in ammonia. Dilute 
nitric and glacial acetic acids dissolve the salt and precipitate out the acid. 

Calculated for C 25 H lB O l2 N 2 Ag & - Ag, 48.43. 

Found (two different preparations): Ag, 48.67, 48.59. 

The copper, cobalt, ferric and ferrous salts are precipitated as reddish 
brown powders, while, the barium and chromium salts are blood-red 
precipitates. The compound forms no definite hydrochloride. On 
evaporating its solution in concentrated hydrochloric acid the residue 
retains only traces of chlorine, which it slowly loses over quicklime. 

T etramethyi- j?, 6 -diamino- Q-hydroxyxanthyl benzenepcntacarboxylic Ethyl 

Ester Chloride , CggH^OuNjCl. 

Preparation. — Tetramethyl- 1,3, 6-diamino - 9 - hydroxyxanthylbenzene 
pentacarboxylic acid is suspended in absolute alcohol and dry hydro- 
chloric acid gas passed through the liquid, until nearly all the acid has 
gone into solution. The mixture is evaporated to dryness on the water 
bath and the residue extracted with alcohol. The unchanged acid is 
filtered off and the filtrate evaporated to dryness, and finally purified 
by repeated fractional precipitation. 

Calculated for C 3e H 48 0 „N a Cl: N, 3.79; Cl, 4.80. 

Found (three different preparations): N, 3.96, 3. 6 7, 3.65; Cl, 5.16, 4.98, 4.61. 

Properties. — Dark violet-red, amorphous powder, having a bronzy 
metallic reflex. Dyes silk and w r ool a violet-red. Insoluble in ether, 
benzene and chloroform. Very slightly soluble in water, acetone, ethyl 
acetate and concentrated hydrochloric acid, giving fine deep pink solu- 
tions. Readily soluble in phenol, aniline, glacial acetic acid and alcohol 
in which Jiast it gives a deep violet-red solution having an intense brown 
fluorescence. Readily soluble in concentrated sulphuric acid, giving a 
brown solution which on dilution becomes red. In strong, cold, caustic 
potash and ammonia it is slightly soluble, giving deep violet-red solutions 
having a brown fluorescence, 4y . 
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Hydrochloride of T etramethyldiaminohydroxyxanthylbenzenepentacar- 

boxylic Ethyl Ester Chloride , C 88 H 44 O n N 2 Cl 2 . 

Preparation . — On evaporating the pure anisoline chloride described 
above with hydrochloric acid the ester takes up another molecule of 
hydrochloric acid. The compound is purified by exposure over quick- 
lime until it becomes constant in weight. 

Calculated for C 38 H 44 Oj,N 2 C1 2 : Cl, 9.03. 

Found: Cl, 8.5. 

Properties. — Dark reddish powder possessing a bronzy reflex. On 
treatment with water it loses one molecule of hydrochloric acid with 
formation of the anisoline chloride. 

T eiraethyl- 3, 6-diamino- g-hy dr oxyxanihylbenzenepentacarboxylic Acid (2 
mols. diethylmetaaminophenol -f 1 mol. mellitic acid), CgaH^O^N^ 

Preparation. — A finely ground mixture of six parts mellitic acid and 
5 parts diethylmetaaminophenol is heated to 170° for 5 hours. The 
mass on cooling is dissolved in dilute caustic potash, filtered, and the* 
condensation product precipitated by means of hydrochloric acid, filtered 
off, washed with boiling water, then with alcohol, and purified by -repeated 
fractional precipitation of its alkaline solution by the addition of acid. 
The compound is then freed from salt which it tenaciously retains, by 
extraction with water. 

Calculated for CaaB^O, *N 3 : N , 4 . 4 1 . 

Found (two different preparations): N, 4.48, 4.39. 

Properties. — Dull red heliotrope, amorphous powder, which decomposes 
without melting above 300 °. Dyes silk and wool a silver gray pink. 
In its solubility and other properties, it is practically identical with the 
tetramethyl compound. 

Octamethyl-3,3' ,6 ,6' 4etramino-g ,9' -dihydroxy-m-dixanthylbenzene-2 ,4,5,6- 
tetracarboxylic Acid (4 mols. dimethylmetaaminophenol + 1 mol. mellitic 
acid), C 44 H 42 0 12 N 4 . 

Preparation . — 6.84 parts of mellitic acid and 11 parts dimethylmeta- 
aminophenol are finely ground together and heated to 165-170° with 4 
parts concentrated sulphuric acid for 6 hours. The mixture gradually 
solidifies. On cooling, the mass is ground, boiled out thoroughly with 
water and the residue dissolved in dilute alkali. The solution is filtered 
and the condensation product precipitated by means add. The 
product is then well washed with boiling water, then with alcohol to re- 
move unchanged dimethylaminophenol, and purified by repeated frac- 
tional precipitation from its potassium salt by means of add. 

Calculated for C 44 H 4 a 0 1J ,N 4 : C, 64.50; H, 5.17; N, 6.86. 

Found (three different preparations): C, 64.34, 64.42, 64.36; H, 5.26, 5.31, 3.17; 

N, 6.76, 6.85, 6.72, 
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Properties . — Bright violet-red, amorphous powder, much brighter than 
the para isomeride. Decomposes without melting above 300°. Dyes 
silk and wool a violet-red ; is insoluble in water, alcohol, chloroform, ethyl 
acetate, ether and acetone Fairly soluble in phenol and aniline. Readily 
soluble concentrated sulphuric, hydrochloric and acetic acids, from 

1 » > *ecipitated on being largely diluted. Very soluble 

< ' v and ammonia, giving a deep violet-red solution, 

" , > ience, precipitated on acidification. 

and lithium salts are dark brownish violet 
powdeis ~ , metallic reflex Veiv soluble in water, forming 

deep bright violet red solutions having an intense brown fluorescence. 

Sihcr Salt , C u H stJ 0 12 N 4 Ag 4 - Is a dark violet- red powder, with a dark 
violet red reflex Is extremely stable to light and heat and dissohes 
instantly in ammonia Dilute nitric and acetic acids dissolve the salt 
but precipitate out the acid 

Calculated fot C 44 H ig O )i? N, \g 4 Ag, 34 65 

Found (two different preparations) Ag, 34 si, 34 66 

The copper, barium, cobalt, feiric, ferrous, chromium and mercuric 
salts are formed as bright violet red precipitates, the copper and barium 
salts being unaltered by ammonia. 

Tctrahydrochlonde of Octamethy l -3, 3 ',6, 6 '-tcira nnno- 9 . 9 ' -dihydro xymeia- 
dixanthylbenzenc 2 ,4 ,5 ,6-tctra(arboxy he Acid , 

Preparation -The aforementioned acid is dissolved in concentrated 
hydrochloric acid and the solution evaporated to drvness on the water 
bath and allowed to stand over quicklime until a constant weight is 
reached 

Calculated for C 44 H 45 O J2 N 4 01 4 Cl, 14 73 

Found (three different preparations) Cl, 15 00, 14 97, 14 95. 

Properties — Dark reddish powder possessing a metallic reflex, which 
when dissolved in water suffers hydrolysis, the acid being precipitated 
practically free from chlorine. Under no conditions could a compound 
containing two molecules of hydrochloric acid be obtained. 

» ' mmo-g ,g' - dihydroxymetadixanthylbenzene - 2,4,3- 

i" ?r Bichloride , C 52 H 6e O 10 N 4 Cl a . 

1' oing acid is suspended in alcohol and dry hydro- 
cbi » pa-N hrough the mixture. The acid rapidly passes 

uuluUnfflt' v^fr^voiirdon of heat. In order to obtain the pure com- 
pound it is advisable to stop the current of gas just before all the acid is 
estferified. ' The mixture is then evaporated to dryness, the residue ex- 
tracted with alcohol and the alcoholic extract precipitated by the addi- 
tion of water. 

Calculated for C fl2 H w O 10 NA,: N, 5.73; Cl, 7.27. 

Found (two different preparations): N, 5.98, 5.81; Cl, 7.27, 7 43. * 
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Properties. — Dark violet-red amorphous powder having a bright bronzy 
reflex. On rapid heating it softens at 169-170°. Dyes silk and wool a 
reddish violet. Insoluble in ether, water, acetone, benzene, chloroform 
and ethyl acetate. Readily soluble in phenol, glacial acetic acid and 
aniline, giving bright violet- red solutions. Readily soluble in concentrated 
sulphuric and hydrochloric acids, giving brown solutions; which turn red 
on dilution. Readily soluble in alcohol and precipitated therlltpm on 
dilution with water. .. , 

Dihydrochloride of Octamethyl- 3,3' ,6,6 '^etramiTwmetadimnihylbmzene- 

2 .4.5.6- tctracarboxylic Ethyl Ester Dichloride , ^ ^ K 

Preparation . — An alcoholic solution of the aforementioned anisoline is 

saturated with hydrochloric acid, evaporated to dryness and exposed over 
quicklime until the weight becomes constant. 

Calculated for C B H fta O l0 N 4 Cl 4 : Cl, 13.65. 

Found (two different preparations): Cl, 13 8o, 13.88. 

Properties. — Dark reddish powder possessing a bronzy reflex. On 
treatment with water it at once loses 2 molecules of hydrochloric *acid 
with the formation of the anisoline dichloride. 

Octamethyl-3,3' i 6 1 6 , -tetramino-9 i 9 r -dihydroxymetadixanthylbenzene-2,4 i 5,6 
tetracarboxylic Benzyl Ester , C 72 H w Oi 2 N 4 . 

Preparation . — The potassium salt of octamethyltetraminodihydroxy-w- 
dixanthylbenzene-2,4,5,6-tetracarboxylic acid is suspended in alcohol, 
excess of benzyl iodide added, and the mixture heated to 130° for 8 hours. 
The colored solution is filtered, the residue washed thoroughly with boil- 
ing absolute alcohol, and the filtrate and washings evaporated to dry- 
ness on the water bath. The ester is purified by redissolving in alcohol, 
evaporating to dryness, and warming to 100 0 in vacuo to remove the 
excess of benzyl iodide; it is then again dissolved in alcohol and frac- 
tionally precipitated by the addition of water. 

Calculated for N, 4 . 76. 

Found (two different preparations): N, 4.89, 4.65. 

Properties. — The benzyl ester is a bright reddish violet, amorphous 
powder, having a dark violet-red metallic reflexv On rapid gating it 
melts and froths up at 147 °. Dyes silk and wool a fine reddish mauve 
color. Insoluble in water, ether, benzene, caustic potash and ammonia. 
Slightly soluble in ethyl acetate and chloroform, 
alcohol, aniline, acetone, phenol; and glacial acetic*/ giva&fj 

a deep red colored solution having an intense brown fluorescence. Readily 
soluble in concentrated sulphuric acid with a reddish brown coloration 
which turns much redder on dilution. 

Odamethyl - 3*3' ,6,6' - tetramino * 9,9' - dihydroxyparadixanthylbenzene - 

2.3.3.6- tetracarboxylic Acid (4 mols. dimethylmetaaminophepol + 1 mot 
mellitic add), 
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Preparation. — 10.25 parts mellitic acid .and 19.4 parts of dimethyl- 
metaaminophenol are finely ground together and heated to 160° for 8 
hours. On commencing the heating the phenol melts but subsequently 
the whole gradually solidifies and the reaction is completed in about 8 
hours. 

When cold the mass, which has a bronzy metallic glance, is powdered 
and the condensation product together with the unchanged phenol is 
extracted with dilute aqueous caustic potash. The solution is filtered 
and the products are precipitated by acidifying with hydrochloric acid. 
The precipitate is filtered off, washed very thoroughly with boiling water, 
then with alcohol till the washings are scarcely colored, and finally purified 
by repeated fractional precipitation of its potassium salt by means of 
dilute acid. This it will be found is insufficient to produce a pure 
product, it being necessary subsequently to extract for at least 2 hours 
with alcohol and then dry at 80 0 on a porous tile. 

Calculated for C 44 H 4J{ 0, a N 4 : C, 64.50, II, 5 17; N, 6 86. 

Found (two different preparations): C, 64 35, 64.64; H, 5 05, 5 00; N, 6.83, 6.93. 

Properties . — Dark reddish violet, amorphous powder. Decomposes 
without melting above 300 °. Dyes silk and wool a silvery pink. In- 
soluble in water, alcohol, chloroform, ethyl acetate and ether. Slightly 
soluble in aniline, phenol, glacial acetic acid from which last solution it 
is precipitated on dilution with water. Very soluble in dilute alkalies, 
precipitated on acidification. In concentrated hydrochloric and sulphuric 
acids it is readily soluble without decomposition, and is precipitated on 
addition of water. 

Salts . — The potassium and lithium salts are dark violet-red powders, 
having a dark violet-red reflex. They dissolve readily in water, giving 
fine violet-red solutions which show a marked brown fluorescence in con- 
centrated solution. 

Silver Salt , C 44 H 88 0 12 N 4 Ag 4 , is precipitated as a dull red precipitate 
which is very stable to light and heat. It is readily soluble in ammonia. 
Dilute nitric and acetic acids dissolve the salt with precipitation of the 
free add. 

Calculated for C 44 H 8g O, t N 4 Ag 4 : Ag, 34.65. 

Found (four different preparations): Ag, 34.67, 34.79, 34.52, 34.48. 

The copper, cobalt, lead, ferrous and chromium salts are predpitated 
> as deep red .powders, while the barium salt is a blood-red precipitate. 

The ferric salt is as a reddish brown, gelatinous precipitate. 

T etrahydrochloride of Octamethyl- 3,3', 6 } 6 f -tetramino~9 ,9* -dihydroxy para- 
dixanthylbenzene~2 t 3 } 5,6-tctracarboxylic Acid , C 44 H 40 O 13 N 4 Cl 4 . 

Preparation. — A solution of the acid in strong hydrochloric add is 
evaporated just to dryness on the water bath; and then exposed over 
quicklime until its weight becomes constant. * 
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Calculated for Cl, 14. 73* 

Found (two different preparations): Cl, 14.51, 14.55* 

Properties . — Dark reddish powder possessing a metallic reflex, which, 
when dissolved in water, evidently suffers hydrolysis, the acid being 
reprecipitated practically free from chlorine. Under no circumstances 
could a compound containing 2 IiCl be obtained. 

Octanwthyl - 3, 3, '6, 6' - tetramino - 9,9* - dihydroxy par adixanthylbenzene - 

2.3.5.6- tetracarboxylic Ethyl Ester Bichloride , C m H 6 A 0 N<C 1 2 . 

Preparation. — The corresponding acid is suspended in alcohol and dry 

hydrochloric acid gas passed slowly through the solution. During this 
process the temperature rises; the gas is passed through the mixture until 
solution is almost complete. The product is then evaporated to dryness, 
the residue extracted with alcohol, and the alcoholic extract evaporated 
on the water bath and purified by fractional precipitation. 

Calculated for C^H^O^N^: N, 5 . 73 ; Cl, 7 . 27. 

Found (two different preparations): N, 5.62, 5.90, 5.84; Cl, 7.46, 7.52./ 
Properties. — Dark reddish violet, amorphous powder, having a bronzy 
metallic reflex. On rapid heating the substance begins to froth up at 
138°. Dyes silk and wool a violet- red. Insoluble in ether, benzene, 

* chloroform and ethyl acetate. Very slightly soluble in water and acetone. 
Readily soluble in phenol, aniline, glacial acetic acid and alcohol, giving 
deep violet-red solutions having an intense brown fluorescence. Readily 
soluble in concentrated sulphuric acid and hydrochloric acid, giving a 
brown solution from which the compound is piecipitated on dilution 
with water. 

Dihydrochloride of Octamethyl - 3,3' ,6,6 '-tetra m inoparadixanth ylbenzene- 

2.4.5.6- tetracarboxylic Ethyl Ester Dichloride , C M H 68 O l0 N 4 Cl 4 . 

Preparation. — An alcoholic solution of the corresponding anisoline is 

saturated with hydrochloric acid gas, evaporated to dryness and exposed 
over quicklime until the weight becomes constant. 

Calculated for C m H w O 10 N 4 C 1 4 : Cl, 13.65. 

Found (two different preparations): AgCl, 13.29, 15.69. 

Properties. — Dark reddish powder possessing a bronzy reflex. On 
treatment with water it at once loses two molecules of hydrochloric 
acid with formation of the anisoline dichloride. 

Octaethyl - 3,3' ,6,6' - tetramino - 9,9' - dihydroxyparadixanthylbenzene - 

2.3.5.6- tetracarboxylic Acid (4 mols. diethylmetaaminophenol + 1 mol 
mellitic acid), 

Preparation.'mffhis is prepared by heating 8 parts diethylmetaamino- 
phenol with 6 T?arts mellitic acid to 160 0 for 6 hours. The unaltered 
diethylmetaaminophenol is dissolved out by means of alcohol, and the 
condensation product pfrrified by repeated fractional precipitation from 
its potassium salt by the addition of dilute acid. * 



PRODUCTS OR WtmXlTlC ACID WITH MRTA-AMINO FHKNQL. tO$ 


Calculated for C 63 H 6S 0 12 N 4 : * N, 6.03. 

Found (two different preparations): N, 6.00, 6.17. 

Properties— Light violet-red, amorphous powder. Decomposes without 
melting above 300°. Dyes silk and wool a silvery violet-red. General 
properties similar to those of the octamethylpapadixanthyl compound. 

Tetramethyl - 3,6 - diaminotetraethyl - 3'// - diamino-9 ,9' - dihydroxymeta - 
dixanthylbenzene-2,4,5,6-tetracarboxylic Acid (2 mols. diethylmetaamino- 
phenol -4- 2 mols. diethylmetaaminophenol + 1 mol. mellitic acid), 

^ 48 ^ 50 ^ 12 ^ 4 , 

Preparation. — This is prepared by heating a mixture of tetraethyldi- 
aminohydroxyxanthylbenzenepentaearboxylic acid and dimethylmeta- 
aminophenol in the proportion of 1 molecule of the former to two of the 
latter with sulphuric acid to 170° for 6 hours. Water is then added to 
the mixture and the condensation product filtered off and purified in the 
usual manner. 

Calculated for C 4!} H 60 O, v N 4 : N, 6.42. 

Found (two different preparations): N, 6 49, 6.33. 

Properties . — Dark violet-red, amorphous powder decomposing above 
300° without melting. Dyes silk and wool a violet-red color. In its # 
general properties it closely resembles the octamethylmetadixanthyl 
compound. 

Orientation of the Two Isomeric Dixanthyl Derivatives. — In order to deter- 
mine the relative position of the two xanthyl groups the two octamethyl 
isomers were further heated with excess of dimethylmetaaminophenol 
to 200 0 . In the case of the para compound (prepared in the absence of 
sulphuric acid) no trixanthyl derivative was formed. The result was 
similar when this compound was heated for 12 hours to 170° w r ith dimeth- 
ylmetaaminophenol and concentrated sulphuric acid, 80 per cent, 
of the original dixanthyl compound being recovered in a pure state and 
the residue was proved to be free from trixanthyl derivatives. The 
xanthyl groups therefore occupy para positions in the compound pro- 
duced by heating mellitic acid with 4 or more molecular proportions of 
dimethylmetaaminophenol in the absence of sulphuric acid. This, it is 
interesting to note, is contrary to the behavior of the hydroxyxanthyl 
derivatives dealt with in a previous paper (J.Chem.Soc. (London), 89, 1760). 

The compound above described as oc t ame t hy 1 te t r aminome tadixan thy 1- 
benzenetetracarboxylic acid, produced by condensing mellitic acid with 
dimethylmetaminophenol in the presence of sulphuric acid, readily 
combines with another molecular proportion of the aminophenol with 
production of the trixanthyl derivatives described below. 

Dodecamethyl - - hexamino - 9 ,9', 9" - trihydroxy - sym - tri - 

xaitihylbenzfn£-2)4,64ricarboxylactone (6 mols. dimethylmetaaminophenol 
+ 1 mol. mellitic add), C e0 H 60 O 18 N fl . 
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Preparation . — All early attempts to obtain this compound were fruitless 
owing to the fact that unlike the resorcinol compounds previously studied 1 
direct heating of the mixture of aminophenol and mellitic acid leads to the 
production of the para dixanthyl derivatives. Thus varying excesses of 
aminophenol were heated with mellitic acid to temperatures ranging from 
160 to 200° for times varying from 8 to 1 8 hours, both alone and subse- 
quently in the presence of small quantities of sulphuric acid ; in the latter 
instances small quantities of a trixanthyl compound were obtained which 
ultimately led to the following method of preparation. 

Twenty-five parts mellitic acid were finely ground up with 62 parts 
dimethylmetaaminophenol, 100 parts concentrated sulphuric acid added 
and the whole gradually heated up to 180 0 and maintained at that tem- 
perature for 8 hours. After cooling, water is added to the black mixture 
and the whole warmed till the product is almost all dissolved. The 
solution is then filtered and the filtrate precipitated by the addition of a 
slight excess of alkali. The precipitate is then repeatedly washed, l?ut , 
owing to the impervious and slime like nature great difficulty is experi- 
enced in purifying the compound. At this stage, after drying at ioo°, 
one preparation gave on analysis 8.6 per cent. N (required by C w H #0 O*N, 
7.95) ; after extraction with alcohol for several days in a Soxhlet it was 
found to contain 8.25 per cent. The product was therefore repeatedly 
boiled for several hours with large quantities of water, allowed to settle 
over night and the aqueous liquor decanted off. This treatment was then 
repeated with alcohol until the supernatant liquor is but faintly colored, 
after which the residue was finally filtered off and dried at 90 °. 

Calculated for C e0 H fl0 O„N e : C, 68.18; H, 5.68; N, 7.95. 

Found (three different preparations): C, 68.30, 67.95, 68.00; H, 5.53, 5.75, 5.53; N, 

7.97, 7.88, 8.04, 7.97. 

Properties. — Dark violet-brown, amorphous powder, which decomposes 
without melting above 300 °. Dyes silk and wool a pale silver pink. 
Insoluble in water, alcohol, chloroform, acetone, ether, benzene, ethyl 
acetate and ammonia. Slightly soluble in glacial acetic acid, readily 
soluble in phenol giving a deep red solution. Readily soluble in con- 
centrated sulphuric and hydrochloric acids, giving a brownish red solution 
which on dilution becomes red. The compound is insoluble in caustic 
potash; boiling with a 40 per cent, solution causes slight decomposition 
with evolution of dimethylamine. 

Hexahydrochloride of Dodecamethyl-3,3' ,3" t 6,6 f } 6 f, -hexamino-9 1 9 f 9"-tri~ 
hydroxy-sym-trixanthylbenzene^^^tricarboxyladone, C 6 oH M O u N e CV 

Preparation. — The above lactone is dissolved in concentrated hydrochlo- 
ric acid, and the solution evaporated to dryness on the water bath; the 
residue is then exposed over quicklime until a constant weight i$ reached. 

1 Lac. dL 
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Calculated for CeoHJDjaNoCla: Cl, 16 . 70. 

Found (two different preparations): Cl, 16.96, 16 90, 16.34, 16.47. 

Properties. — Dark bronzy powder. Soluble in water with gradual 
precipitation of the base; boiling accelerates the hydrolysis. The pre- 
cipitated base is practically free from chlorine; the compound shows no 
tendency to produce a trichloride. 

Dodecamethyl - 3,3 f ,3",6,6' t 6" - hcxamino-9 ,9' ,9" -trihydroxy-sym-trixan- 
thylbenzene^^^-trkarboxylic Ethyl Ester Trichloride , C 6 e H 60 O 0 N tt Cl 3 . 

Preparation. — This is prepared by dissolving the foregoing acid in con- 
centrated hydrochloric acid, precipitating the hydrochloride by means 
of absolute alcohol and then heating the finely divided hydrochloride thus 
obtained in a sealed tube with excess of alcoholic hydrochloric acid to 
140°. The residue is filtered off and the alcoholic solution evaporated 
to dryness on the water bath, the residue being purified by repeated 
fractional precipitation of its alcoholic solution by means of water. 

Calculated for C M H 6B O fl N e Cl a : N, 7.02. 

Found (two different preparations): N, 7.11, 7 . n. 

Properties. — Dark violet-brown, amorphous powder having a dark 
metallic reflex. Decomposes without melting above 300°. Dyes silk 
and wool a pinkish mauve. Insoluble in chloroform, acetone, ether, 
benzene, ethyl acetate, glacial acetic acid, aqueous alkalies and water. 
Fairly soluble in alcohol, giving a deep red solution having a brown fluor- 
escence. Readily soluble in phenol and aniline, giving red-brown solu- 
tions. Readily soluble in concentrated sulphuric and hydrochloric acids, 
giving red-brown solutions which on dilution assume a fine red; and 
from which the ester is precipitated by alkalies. 

T rihydrochloride of Dodecamethyl- 3 ,3' ,3" ,6 ,6' ,6" -hexamino-g ,9' ,9' 

trihydro%y-sym-trixanthylbenzene-2 f 4 t 6-tricarboxylic Ethyl Ester Trichloride , 

c m h„o,Kcv 

Preparation. — An alcoholic solution of the corresponding anisoline is 
saturated with hydrochloric acid evaporated to dryness and exposed over 
quicklime until the weight becomes constant. 

Calculated for C^HjjO.N.Cle: Cl, 16.32. 

Found (two different preparations): Cl, 16.00, 16.08. 

Properties. — Dark reddish powder possessing a violet-bronzy reflex 
soluble in alcohol from which solution water precipitates the trichloride. 

In conclusion we desire to express our gratitude to Messrs. Read Holliday 
& Sons of Huddersfield, England and Brooklyn, U. S. A., for permission 
to publish this work and also for supplying much of the mellitic acid 
required in its execution. 

Tr* Silberrad Research Laboratories, 

Buckhurst Hill; Essex, England, 

and a 7 Chancery Lane, London, W. C. ^ 
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THE STIMULATION OF PREMATURE RIPENING BY CHEMICAL 

MEANS. 

By A. H, Vinson. 

Received December 3, 1909, 

Artificial ripening of persimmons, dates and other fruits has been 
practiced for many years, but some particular substance has always 
been deemed essential, such as the empty sake barrel for persimmons 
or cloths moistened with vinegar for dates. Analogous to this and prob- 
ably due to similar biochemical phenomena is the forcing of buds to 
open prematurely by what is supposed to be anesthetization, or by the 
application of heat as shown by Molisch . 1 The premature sprouting of 
newly formed tubers by stimulation with divers chemicals, which has 
been accomplished recently by McCallum , 2 belongs to this same general 
class of phenomena. Many plants 8 which contain certain glucosides and 
emulsin show an abnormally large exhalation of hydrocyanic acid or 
other substances after treatment with anesthetics and other poisonous 
vapors or by freezing, and this is accompanied by marked plasmolysis. 

For a critical study of the influence of chemicals in initiating the pre- 
mature ripening of fruits, a tree of particularly well adapted seedling 
dates was available. The fruits were light yellow when unripe and in- 
dicated their start to ripen by the appearance of a well-marked trans- 
lucency, which increased and darkened until the^ became a deep chocolate- 
browm. The effect of over one hundred separate substances was studied 
on this material, either by exposing the fruits to the vapor of the volatile 
ones or by soaking them in solutions of the nonvolatile compounds. 

The first results 4 seemed to indicate that the effect was dependent 
on chemical structure, since certain groups gave very marked results 
while others did not. Acetic acid and acetic ether were equally efficient, 
and five per cent, solutions of sodium or potassium acetate also gave 
good results. Aniline acetate vapor acted slowly but perfectly. Solu- 
tions of both benzoic and salicylic acids acted very promptly and com- 
pletely. Oxalic acid gave marked results but malonic and succinic 
acids appeared to act much better. Citric, tartaric, and malic acids 
gave only imperfect results. In the first trials ordinary ether, chlo- 
roform and acetone failed, but it was found later that dates responded 
only to nearly saturated vapors of these reagents. Many substances 
which are not easily volatile acted quickly by direct contact but very 
slowly by their vapors. In general the more volatile the substance the 
quicker it acted; thus 'benzene and toluene acted very completely over 

1 “Das Warmbad als Mittel zum Treiben der Pflanzen,” Jena, 1909. 

* Unpublished work, Arizona Agr. Exp. Station. 

1 Mirande, Compt. rend,, 149, 140; Guignard, Compt , rend,, 149, 91. 

4 Science, 30, 604 (1909). 
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night, but xylene, in the same time, affected only the bottom of the column 
of fruit above it, the effect traveling slowly upward. Oil of eucalyptus 
acted quite readily, while pennyroyal and cassia were very slow excepting 
by contact. Eugenol acted quickly by contact but its vapor was without 
effect even after many days’ exposure. Camphor and naphthalene were 
not sufficiently volatile to give any result. Among the more peculiar 
results were those obtained with iodoform. With this substance the 
entire column turned uniformly, there being no difference between the 
fruits in actual contact and those farther away. 

A detailed account of the action of the various substances used, grouped 
according to their efficiency, is given below: 

Fruits turned uniformly throughout the column over night by saturated 
vapors of the following: 

Ether, chloroform, acetone, gasoline, carbon disulphide, benzene, 
toluene, allylisosulphocyanate, ethyl and methyl alcohols (a little slow, 
methyl alcohol acting better), ethyl acetate, ethyl butyrate, ethyl oxalate, 
ethyl chloride, ethyl bromide, acetyl chloride (not in excess), ethylene 
chloride (very efficient), methyl dichloride (very efficient), amyl formate, 
amyl acetate, acetic acid, propionic acid, butyric acid and acetal. 

Fruits turned uniformly over night but farther ripening did not proceed 
normally with saturated vapors of: 

Formaldehyde, acetaldehyde, formic acid, methyl acetate and ethyl 
formate. Possibly some of these would have been efficient in less con- 
centration since excess probably interfered with the action of the enzymes. 

Fruits ripened by contact over night, those above ripening in the next 
24 to 48 hours : 

Xylene, amyl alcohol, isobutyl alcohol, diacetic ester, benzyl chloride, 
benzoyl chloride, chloral, ethyl succinate, ethyl benzoate, cumene, cymene, 
geraniol, citral, coal oil, turpentine. 

•Fruits ripened by contact in the first few days; those above ripened 
only after prolonged exposure to vapor: 

Mono-, di- and trichloroacetic acids, monobromoacetic acid, aniline ace- 
tate, pyridine, toluidine, oil of eucalyptus, benzaldehyde, hypnone, iodo- 
form (by contact and by vapor ripening at the same time), terpineol. 

Fruits ripened by contact only : 

Aniline, phenol hydrazine, thymol, oil of cassia and oil of pennyroyal. 

Fruits not affected: 

Camphor, naphthalene, menthol, hydrochloric acid; blackened and 
destroyed by phenol; damaged but not ripened by chloral hydrate and 
sulphur dioxide. 

Ethyl and amyl nitrite penetrate very rapidly and react chemically* 
with the content of the tannin cells, causing it to precipitate and form 
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insoluble tannin grains at once . 1 Due to the darkening of the fruit the 
effect on ripening other than the removal of astringency is difficult to 
follow. In smaller quantities it appears to stimulate the other ripening 
phenomena and very palatable fruits can be prepared by the use of nitrous 
esters. Ammonia in small quantities causes a general reddening of the 
fruits with shrinking at the basal end. The general ripening phenomena 
follow fairly well and after some days the fruits are edible. 

The stimulation due to solutions was not so easily traced as that due 
to vapors. The first effect usually manifested itself by the appearance 
of translucent spots instead of the fruit turning as a whole. Many sub- 
stances caUvSed the skin to crack and curl badly, sometimes accompanied 
by ripening, sometimes not. Saturated solutions of benzoic and sali- 
cylic acids over night produced first effects very similar to those produced 
by vapors, while malonic, succinic and lactic acids in three per cent, 
solutions and the acid amides were almost equally efficient. 

T?he following substances in solution caused all or nearly all the freaked 
fruits to ripen : 

Benzoic acid, salicylic acid, sodium benzoate, sodium salicylate, sodium 
acetate, potassium acetate, oxalic, malonic and succinic acids, lactic acid, 
acetamide, formamide, hippuric acid, cinnamic acid, hydroxylamine 
hydrochloride; hydrazine hydrochloride starts the process but normal 
ripening does not follow. 

The following substances ripen from one-half to two- thirds of the fruits 
treated : * 

Tartaric, citric and malic acids, trichloroacetic acid (one-tenth per cent, 
solution), ammonium acetate, manganese sulphate and aniline acetate. 

The following gave doubtful or negative results: 

Potassium sulphate, manganese chloride, sulphanilic acid, acetanilide, 
phenacetine, protocatechuic acid, pyrogallol, orcinol, resorcinol and vanillin. 

From the diversity of these reagents it is evident that the effects ob- 
served cannot be due to any particular chemical structure, nor do many 
of them react chemically with any known constituent of the date. Further- 
more, after treatment over night with acetic acid vapor, an appreciable 
reaction for invertase could be obtained in the glycerol extract although 
a marked astringency was still present. From these facts and previous 
work on the intracellular invertase of the date , 5 including some recent 
observations 8 on the chemical organization of the green fruit while it 
retained its physical integrity, it was concluded that this apparent stimu- 
lation of ripening depended solely on the killing of the protoplasm. In 
Httbad terms any substance which will penetrate the cuticle and kill or 

1 Bot. Gaz. The work is now in process of publication. 

* This Journal, 3o f 1005 (1908). 

8 Pteiti World, Jan., 1910. v 
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stimulate the protoplasm, thereby releasing the previously insoluble 
intracellular enzymes without rendering them inactive, will bring about 
ripening, provided the fruits have reached a certain necessary degree 
of maturity. 

The validity of this theory was tested by an experiment devised to 
accomplish the same results by purely physical means. Sprays of dates 
were heated in water for five and ten minutes at every five degrees between 
60 and 95 °. Below 6o° they lost their astringency but remained very 
light colored like untreated fruits. Above 60 0 the color became darker, 
reaching a maximum at about 75 °. At 8o° the general aspect of the 
sprays was more uneven, and even the darkest individuals remained 
exceedingly astringent and very sweet. Above 8o° the color of the 
entire sprays became very light, matching exactly the more immature 
individuals heated below 6o°. Unlike the results obtained by treatment 
with chemicals, the effects of heat stimulation become plainly manifest 
only after the lapse of several days. The results, however, show deafly 
that if dates are heated sufficiently to destroy protoplasm but not enzymes, 
the ripening phenomena will follow quite completely, while at higher 
temperatures all ripening ceases. 

Apsit and Gain 1 have shown that seeds lose their viability when sub- 
jected to anesthetics for a considerable length of time but their diastase 
and peroxydase remain active. In this case as in others, anesthesia 
in the accepted meaning of the word has nothing to do with the effects 
produced. The only connection is that certain substances, among many 
others, which kill or stimulate the protoplasm happen to produce an- 
esthesia in animals. 

The more immature fruits heated to 70 0 for ten minutes or longer 
darkened nicely but remained astringent. At higher temperatures even 
the more mature fruits remained permanently astringent while untreated 
immature fruits gradually lost their astringency. These facts can be 
explained only as the direct or indirect action of some specific enzyme 
that is destroyed at about 70°. Hydrazine hydrochloride interfered with 
the general trend of ripening but the astringency disappeared. 

Commercially, many varieties of dates may be ripened rapidly after 
they have reached a certain degree of maturity. Before that time they, 
do not contain sufficient dry matter to make a palatable fruit. Many 
varieties so ripened are fully equal to the natural product. This may 
be accomplished by exposing them to the vapors of a great many sub- 
stances, but only a few are commercially practical, due to the bad flavors 
which most of them impart. Fruit of good flavor was obtained by treat- 
ment with the vapors of acetic and propionic acids, ethyl chloride, ethyl 
bromide, ethylene chloride, methylene chloride and chloroform, and with * 
* Com£t, rend., 149, 58 (1909). 
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solutions of lactic, benzoic and salicylic acids and some other substances 
of more or less poisonous nature. Gasoline, benzene, esters of organic 
acids, ordinary ether, acetone, volatile oils and most other substances 
leave permanent disagreeable flavors. 

Deglet Noor dates do not yield satisfactorily to these methods but 
can be made palatable and, if sufficiently mature, will yield fruit of fair 
quality when subjected to the judicious use of ethyl nitrite vapor. A 
small amount of this reagent (£ to i cc. of 20 per cent, solution for 
every 1000 cc. of space enclosed) will finally render the tannin insoluble 
without discoloring the date badly or imparting any noticeable flavor. 

It is anticipated that the application of these methods will prevent 
much of the enormous loss from souring which is experienced at present 
during unfavorable weather. Artificially ripened dates do not sour 
so readily as the fruit ripened on the tree and remain much freer from 
insects. 

Arizona Agr Exp Station, t 

Tucson, Arizona. * 


THE ACIDS OF THE PHENYLPROPIOLIC SERIES AND THEIR 
CONDENSATION TO NAPHTHALENE DERIVATIVES . 1 

By John E Buckle. 

Received December 9, 1909 

In an investigation of the action of acetic anhydride on acids of the 
acetylene series in 1895, Michael and Bucher 2 obtained the anhydride 
of a new acid from phenylpropiolic acid. Three years later, 8 after a 
thorough study of the compound, they proved it to be the anhydride of 
i-phenyl-2,3-naphthalenedicarboxylic acid It was found to have the 
composition corresponding to the formula C^II^O, and a molecular 
weight of 274. 

This corresponds to the composition of a phenylpropiolic anhydride 
(C e H 5 C C.CO) 2 0 , but the acid obtained from it was found to be sat- 
urated and entirely different from phenylpropiolic acid. This structural 
formula evidently does not represent its constitution. 

It seemed probable that three molecules of the acid might have 
polymerized to triphenyltrimesic acid in a manner analogous to the for- 



t 

1 Presented at the Second Decennial Celebration of Clark University, Worcester, 
Mass., September 14, 1909. 

3 Per. t a8, 2511 (1895). 

[Am* Chm . ao, 89 {1898). 
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mation of benzene from acetylene. The resulting acid was found to be 
dibasic and to have only two-thirds of the required molecular weight. 
These facts showed conclusively that the compound is not the anhydride 
of triphenyl trimesic acid. 

It was then thought possible that the compound might be the anhy- 
dride of diphenyl tetrenedicarboxylic add. 


C 6 H 6 .C r 1 C.C0 2 H 

C,H 5 .C I J C.COjH 


This acid would contain two carboxyl groups in the ortho position and 
it would be dibasic. One might expect benzil among the oxidation 
products of such an acid but many experiments failed to show the slightest 
trace of this substance. It was not possible to find any evidence in 
favor of the tetrene formula. 

As none of * these three formulas corresponded to the compound, it 
was evident that the polymerization of the phenylpropiolic acid must 
have proceeded in a very unusual manner. 
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They finally succeeded in isolating diphenyltetracarboxylic- and ortbo- 
benzoylbenzoic acids from its oxidation products and in preparing its 
hydrocarbon. The hydrocarbon was also oxidized to orthobenzoyl- 
benzoic acid. The preceding formulas show these transformations. 

These facts can only be explained by the above constitutional formula 
and the compound is therefore the anhydride of i-phenyl-2,3-naph- 
thalenedicarboxylic acid. 

Later, several investigators who evidently had overlooked the above work 
obtained this compound. Basing their reasoning on insufficient experi- 
mental evidence, they described the substance first as the anhydride of 
triphenyltrimesic acid and afterwards as that of diphenyltetrenedicar- 
boxylic acid, representing structural formulas which had already been 
shown to be untenable by Michael and Bucher. For example, Lanser 1 
obtained the compound by heating phenylpropiolic acid with phosphorus 
oxychloride, and assigned the formula C^HgoOg for triphenyltrimesic 
anhydride without making molecular weight determinations. 

A little later Manthey 2 determined the molecular weight thus showing 
the formula to be C 18 H 10 O 3 and that the constitution must be different 
from that assigned by Lanser. This evidence together with the fact 
that the acid contains the two carboxyl groups in the ortho-position, 
led him to assign the tetrene formula. 

In a later paper, Lanser and Halvorsen 3 acknowledge the correctness 
of Manthey ’s experimental work and they also accept the tetrene formula. 
The reactions which they study would, however, apply equally well to 
other ortho-dibasic acids. 

Ruhemann and Meriman 4 also obtained the anhydride in studying the 
action of phenylpropiolyl chloride on acetone in pyridine solution. 
They proved the identity of their compound with that of Lanser and 
regarded it as a terene compound as they did not investigate its con- 
stitution. 

Michael 5 next showed that the compound described by these investi- 
gators is i-phenyl-2,3-naphthalenedicarboxylic anhydride. He proved 
this by preparing a specimen by Lanser’s method and finding it identical 
in every respect with a specimen prepared by the method of Michael 
and Bucher. 

Recently, Stobbe 6 obtained this anhydride by the action of light on 
dibenzalsuccinic anhydride. Failing to get diphenyltetracarboxylic 
acid by direct oxidation but obtaining ortho-benzoylbenzoic acid, he 
claimed to have shown the truth of the naphthalene formula of Michael 
and Bucher for the first time. 

These investigators 7 showed that his failure to get the diphenyltetra- 
oarboxylic acid was due to incomplete oxidation 8 and that they had 

1 Ber., 32, 2478 (1899). 

* Ibid „ 33, 3083 (1900). 

• Ibid., 3$, 1407 (1902). 

4 /. Chem . Soc., 87, 1389 (1905). 

* Bgr., 39, 1908 (1906). 

• Ibid., 40, 3372 (1907). 

7 Ibid 4*» 70 

8 This Journal, so, 1246 (1908). 
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noticed the formation of ortho-benzoylbenzoic acid by the direct oxida- 
tion 1 of the anhydride as well as from the hydrocarbon. 

Pfeiffer and Moller 2 have polymerized phenylpropiolic ester to the 
ester of i -phenyl-2, 3-naphthalenedicarboxylic acid by simply heating 
to 200 0 . They point out that aromatic acetylene derivatives may thus 
be polymerized to naphthalene derivatives without the use of condensing 
agents. The earlier work of Lanser also shows this since Michael has 
shown that the so-called triphenyltriinesic acid is really a naphthalene 
derivative. Lanser obtained the anhydride of this acid by heating 
phenylpropiolic acid to a temperature above 200 °. Pfeiffer and Holler’s 
work, however, illustrates the additional fact thatanhydride form ation is 
not essential for this naphthalene condensation. 

I have confirmed Lanser ’s experiment and have been able to get a 
much better yield of the ester of the naphthalene acid than Pfeiffer and 
Moller got. In my experiment, however, the phenylpropiolic ester was 
polymerized by heating it with acetic anhydride instead of heating it 
alone. 

1'hese investigations show' that phenyl propiolic acid and its ester or 
chloride can be polymerized in a number of different ways to naphthalene 
derivatives but that the original method of Michael and Bucher which 
gives a quantitative yield is still the best. The following formulas in- 
dicate how this change takes place : 


CH C 




This work has been continued in this laboratory for a number of years 
in order to determine whether this transformation is general or not. 
Besides phenylpropiolic acid, eleven of its substitution products 
have been examined thus far and in every case they polymerized, on 
heating with acetic anhydride, to derivatives of 1 -phenyl-2, 3-naph- 
thalenedicarboxylic anhydride. The facts thus far obtained justify the 
statement 8 that phenylpropiolic acid and its substitution products show a 
stfong tendency to polymerize , with the wandering of an ortho hydrogen atom , 
to phenylnaphthalene derivatives. 


1 Am. Ckem. 20, 112 (1898). 

* Ber< % 40, 3839 (1907). 

• This Journal, 30, 1262 (1908). 
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In fact, this kind of polymerization is the only form which has been 
thus far obtained from aromatic pfopiolic acids. 

In this work much time was spent in preparing the aromatic propiolic 
acids as it was usually necessary to either prepare new compounds or 
else to improve the methods of preparation of acids which were already 
known. In most cases methods were found by which these interesting 
acids could be prepared readily from comparatively inexpensive materials 
— providing that suitable precautions were observed. 

Phenylpropiolic acid was prepared in the usual way from cinnamic 
acid by making cinnamic ester dibromide. It is well known that alco- 
holic potash converts this into a mixture of the salts of allo-bromocinnamic 
acid and bromocinnamic acid and that the latter is easily converted into 
phenylpropiolic acid by the loss of hydrobromic acid. The former acid 
is so stable, however, that it is not practicable to convert it into phenyl- 
propiolic acid directly by further heating with alcoholic potash. It can, 
however, be converted into the isomeric acid by simply heating it. This 
acid can then be converted, in turn, into phenylpropiolic acid. This 
change of the labile bromo acids into the corresponding isomeric acids 
was found to be quantitative in several cases. In the case of the Allo- 
bromocinnamic acid it was noticed that when it was heated with acetiC 
anhydride to ioo° its own anhydride was produced but at a higher tem- 
perature this was transformed into the bromocinnamic anhydride. The 
latter could then be transformed into phenylpropiolic acid. From this, 
it is evident that it is not necessary to use pure phenylpropiolic acid 
in this work. It generally seemed desirable, however, to separate the 
acids first. A very good way of doing this is to crystallize them from 
carbon disulphide or from carbon tetrachloride. In this way it is possible 
to separate much of the phenylpropiolic acid from the more soluble allo- 
bromocinnamic acid. 

In some other cases, the potassium salts of the propiolic acids were 
found to be very sparingly soluble in the alcoholic potash, thus yielding 
the pure acids at once. In all cases the potassium salts of the labile 
bromocinnamic acids were found quite soluble while the ammonium salts 
of the isomeric acids were very sparingly soluble. These properties were 
found very useful in separating the resulting phenylpropiolic acids from 
these labile substituted bromocinnamic acids which were formed. 

The meta- and para-nitrophenylpropiolic acids can be prepared from 
the corresponding nitrobenzoic aldehydes by Perkin's synthesis. In 
some other cases Claissen’s synthesis was found preferable to that of Per- 
kin. 

It was also found that the ortho- and para-nitrophenylpropiolic acids 
could be converted into the corresponding halogen acids by means of the 
diazo reaction. 

Besides phenylpropiolic acid, the following substitution products were 
prepared: Piperonylpropiolic acid, o-chloro-, o-bromo-, w-nitro-, m-chloro-, 
£-nitro-, />-chloro-, p- bromo-, p- iodo-, />-methoxy-, and />-methylphenyl- 
propiolic acids. These all polymerize readily to derivatives of i -phenyl-2, 3 
-naphthalenedicarboxylic anhydride when they are heated with acetic 
anhydride. In the earlier work it was found very difficult to prove this 
constitution for these products. The method used in case of the first 
compound has already been described. The meta- and para-nitro 
compounds veere oxidized and then converted into diphenyltetracar- 
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boxylic acid thus showing them to be naphthalene derivatives. By 
means of the diazo reaction, they were then converted into the halogen 
derivatives identical with those obtained by direct polymerization. This 
showed the latter to have the same constitution. The constitution of 
the product from the para-methylphenylpropiolic acid was established 
by oxidizing it to a diphenylpentacarboxylic acid. In more recent 
work the very efficient method of oxidizing to benzenepentacarboxylic 
acid described below was used. By means of this method, which depends 
on the catalytic action of manganese nitrate in fuming nitric acid, eleven 
of these acids were oxidized to benzenepentacarboxylic acids, thus con- 
firming the naphthalene constitution which had previously been assigned 
for some of the substances. 

The following description gives an idea of some of the transformations 
which these substances undergo: They are all ortho-dibasic acids from 
which water splits out easily on heating. In fact, the first acid obtained 
is partially converted into its anhydride even on crystallizing it from only 
moderately heated glacial acetic acid. In this way, I obtained eight 
grams of the anhydride from twenty grams of the acid. This loss of 
water in crystallizing the acid from hot solvents led to the statement, 
made in the first description, that the acid passed into the anhydride 
spontaneously. This statement was corrected in a later paper by Michael. 
All of these acids have this general property and some of them, as well as 
their oxidation products, may show properties similar to those noticed 
by Orndorff in the case of tetrachlorophthalic acid. 

The acids all necessarily contain a carboxyl group with both ortho 
positions substituted. According to V. Meyer's observations one might 
expect difficulty in esterifying these acids. This was found to be the 
case, little or no neutral ester being found, on heating the substances with 
alcohol and sulphuric acid under the usual conditions. If more sulphuric 
acid is used and the heating continued for a longer time from 40 to 60 
per cent, of neutral ester may be obtained. 

Sulphuric acid converts the i-phenyl-2,3-naphthalenedicarboxylic 
acid into red allo-chrysoketonecarboxylic acid. 

CH CH CH CH 


C 0 2 H H 

CO,H 


H 


I. II. 

When this red acid is heated to 218° with potassium hydroxide, it is 
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changed practically quantitatively into a new i -phenylnaphthalenedi- 
carboxylic acid 



CH 

III. 


Formulas I, II and III show a method of transferring a cart)oxvl 
group from the ortho position on one ring to the corresponding position 
on the other ring. When the new acid (III) is heated with, sulphuric acid, 
a new red acid different from the allochrysoketonecarboxylic acid (II) is 
obtained. 

The oxidation of these naphthalene acids in alkaline potassium per- 
manganate solution has already been described. The yield of diphenyl 
tetracarboxylic acid is usually small, since the intermediate ketonic acids 
are very stable towards alkaline potassium permanganate. 



These ketonic acids are very easily oxidized to diphenyltetracarboxylic 
acids when the solution is acidified. Formulae I, IV, V and VIII 
indicate these reactions. These acids are obtained in the form of sirup- 
like solutions and they resemble pbthalonic acid closely. Heated with 
caustic alkalies, they yield diphenyltricarboxylic acids and oxalic add. 
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On reduction with hydriodic acid, the we/a-glyoxylic acid (V) first yields 
methyldiphenyltricarboxylic acid (VI) which then reduces at a higher 
temperature to a methylfluorenecarboxylic acid. The isomeric ortho - 
glyoxylic acid (IV), oven at the boiling point of hydriodic acid, reduces 
to a fluorenetricarboxylic acid (VII). 



This shows the ease with which diphenvlcarboxylic acids close the ring 
to form fluorene derivatives. The same tendency is shown by the action 
of sulphuric acid on diphenyltetracarboxylic acid (VIII) in forming the 
yellow diphenyleneketonetricarboxvlic acid (IX), which can be reduced 
to the acid represented by formula VII. 1 have found this closing of the 
ring on heating to 100 0 with sulphuric acid, to take place when all the 
carboxyl groups were on the same ring but generally not when the car- 
boxyl groups were on different rings. In diphenyleneketonecarboxylic 
acids of the general form IX, the ring is broken in such a way, on heating 
with potassium hydroxide, that the carboxyl group is transferred from 
the ortho position on one ring to the corresponding ortho position on the 
other. 1 In this case, about 299 parts out of 300 are changed in this way — 
making the process practically quantitative. The following formulas 
show these changes. 

The very sharp breaking of the ring at a in formula IX and in the 
similar case of the red acid (II) indicates a tendency to remove the 
carboxyl groups as far as possible from each other and suggests the* pos- 
sibility of its giving a means of testing the constitution of the resulting 
acid. For example Bamberger and Hooker, 3 after heating a yellow 
diphenyleneketonedicarboxylic acid from retene with caustic alkali, 
represent the resulting white diphenylenetricarboxylic acid as having 
the three carboxyl groups on the same ring. This seemed scarcely pos- 
sible in view of the above facts and an examination showed the acid to 
have a different structure. 

The yellow diphenyleneketonetriearboxylic acid (IX) also furnishes 
a means of oxidizing these 1 -phenyl-2, 3-naphthalenedicarboxylic acids 
or diphenylpolycarboxvlic acids (like I and VIII) to benzenepen taoar- 

1 This Journal, 30, 1261 (1908). 

* Ann., 22$) 159 (1885). 
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boxylic acids. The latter acid (VIII) is very stable towards alkaline potas- 
sium permanganate as on heating for six weeks I recovered 28 per cent, 
of unchanged acid and could not isolate any benzenepentacarboxylic acid. 
The yellow acid (IX), however, decolorized the theoretical quantity of 
permanganate in less than two hours. The very soluble acid product 
was not completely oxidized but it yielded benzene for the hydrocarbon. 
Many experiments were made in attempting to complete the reaction 
but without success. Even heating on the water bath with fuming nitric 
acid did not aid very much. A small quantity of manganese nitrate 
was then added to the hot nitric acid. Brisk effervescence began at once 
and in a few moments pure benzenepentacarboxylic acid separated from 
the liquid . The yield in this experiment was about 90 per cent, of the 
theory. The manganese nitrate is evidently a very efficient catalytic 
agent in this case. This method was also applied to the acids without 
first converting them into ketone derivatives, and, in eleven cases out of 
the twelve tested, benzenepentacarboxylic acid was found. Not only 
does this give a very powerful method fbr determining constitution but 
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it gives a very easy method pf preparing the hitherto almost inaccessible 
benzenepentacarboxylic acid. It also serves for the preparation of 
other benzene polycarboxylic acids. Bamberger and Hooker's diphenyl- 
eneketonedicarboxylic acid from retene can be oxidized in a few hours 
to two isomeric benzenetricarboxylic acids, thus showing that the constitu- 
tion given for retene and all its derivatives is incorrect. 

The above work dealing with the action of acetic anhydride led to the 
supposition that anhydrides 1 might be prepared from meta- and para - 
phthalic acids and their substitution products. On trying the experi- 
ment it was found that such anhydrides could be obtained quantitatively 
by heating a solution of the acid in acetic anhydride to 200 0 until the 
excess of reagent was distilled off. These products apparently have a 
very high molecular weight. A preliminary determination, in nitro- 
benzene by the boiling point method, for the anhydride from chlorotere- 
phthalic acid, [C $ H a Cl(C 0 ) 2 0 ]*, indicates that it may be as high as 1500 
or 2000. 

A part of this work has been carried on with the aid of my students 
and I wish especially to acknowledge the valuable assistance of G. F. 
Parmenter, N. A. Dubois, V. S. Babasinian, M. L. Dolt, W. C. Slade 
and F. Keyes. 

The more important results of this work thus far are as follows: 

1. Satisfactory methods for the preparation of a number of aromatic 
propiolic adds. 

2. The polymerization of these acids to derivatives of 1 -phenyl-2 ,3- 
naphthalenedicarboxylic acids — giving a quantitative method of syn- 
thesis. 

3. Syntheses of acids of the diphenyl, fluorene and diphenyleneketone 
series and a study of their characteristic reactions. 

4. Syntheses of benzenepentacarboxylic acid and other benzene- 
polycarboxylic acids. 

5. The determination of the constitution of retene and its derivatives. 

6. The preparation of anhydrides from meta- and para-phthalic acids 
and their substitution products. 

Brown University, Providence, R. 1. 


CATALYSIS ON THE BASIS OF WORK WITH IMIDO ESTERS.* 

By Julius Stieglitz. 

Received December ?, 1909. 

I shall not attempt to discuss to-day the general subject of catalysis 
but shall use the short time rather to present briefly some results 8 in 
certain lines of our work which seem to shed some light on three funda- 
mental points of interest in catalysis, namely, on the questions how in 

1 This Journal, 30, 1263 (1908) and 31, 1319 (1909). 

3 Presented at the Second Decennial Celebration of Clark University, Worcester, 
Mass.', September 15, 1909, 

1 Certain parts of the work are still being carried out — as indicated below — and 
for r such parts this report is preliminary to a final one. Complete discussion of the 
several parts lay outside the limits of this paper and will be brought in later special * 
reports. 
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certain cases a catalytic agent does its work, why it does it, and what 
limitations there are to its action. 

It may be recalled that an imido ester, such as methyl itnido benzoate, 
is very slowly decomposed by pure water. One of the decompositions 
it undergoes under these conditions is into ammonia and methyl benzoate 1 
as expressed in the equation 

c!h 6 C( : NH)OCH 8 + H 2 0 — ► C e H 6 C0 2 CH 8 + NH tt . (i) 

The addition of an acid, say hydrochloric acid, enormously accelerates 
this otherwise extremely slow action and we were able to show that the 
acceleration is due to the fact that the reacting component in this decom- 
position is the positive ion of the ester , 2 as expressed in the equation. 

C 0 H 6 ( : NH 2 +)OCH 8 + H 2 0 — > C 6 H 5 C0 2 CH 3 + NH 4 + ( 2 ) 

In arriving at this conclusion, account had to be taken of the so-called 
“salt-effect” or “salt- acceleration” produced by the presence of elec- 
trolytes, entirely analogous to the “salt-effect” in other decompositions 
in which water is a reacting component, as in the catalysis of esters by 
acids. This salt-effect being allowed for, the velocity of decomposition 
of an imido ester by water in the presence of acids is given in the equation* 

dxjdt = K V (i on ) X C pos est ion X \C H X C OH \ (3) 

I have not time more than to mention the fact that it was shown that 
the same fundamental equation may be applied to the saponification of 
ordinary esters under the influence of acids^the main difference being 
that for such exceedingly weak oxonium bases as esters are the con- 
centration of the positive ester ion is practically proportional to the 
concentrations of the ester and the hydrogen ion present at any moment, 
so that we may transform ( 3 ) into 4 

dxjdt — K v X C ester X C H X [C H X C olI ] (4) 

which is also the equation based on experience. 

The work on which the above conclusions were based was carried 
out wholly with the hydrochlorides of the imido esters. More recently 
we have also carried out measurements with the hydrobromides and 
nitrates, apd begun work also with sulphates; if the positive ion is the 
reacting component, then, determining rigorously the degree of ionization 
and making rigorous allowance for the salt-effect, we should find that the 
velocity constant for the decomposition of the positive ion in the chloride 
solution should also satisfy the observed rates of decomposition of these 
other salts. For the rigorous treatment, the “salt-effect” produced by 
the chlorides, bromides, nitrates, etc., has to be determined experimen- 
tally and this has been carried out 5 with the chlorides and bromides , 0 
mixtures with varying amounts of the potassium and sodium salts being 
examined, the degrees of ionization of each salt in the mixture being 

1 Stieglitz, Report International Congress of Arts and Science , St. Louis, 4, 276 

(1904), and Am. Chem . 39, 29 (1908). 

2 Stieglitz with Derby, McCracken, Schlesinger, Am. Chem. J. t 39, 29, 166, 402, 
437 » 586, 719. 

* Cpos . est. ion is a function of x. 

4 Cest»r is & function of x. 

* W. W. Hickman, Dissertation, 1909. 

* Mr. Weatherby is completing the work begun by Mr. Hickman on the nitrates 
and sulphates. 



CATALYSIS ON THE BASIS OP WORK WITH IMIDO ESTERS. ^223 

determined withjthe aid of the principle of isohydric solutions, which 
was proved to apply to such mixtures. 1 * * * * * * The salt-effect is, except for' 
minute quantities of salt, proportional to its concentration or rather, 
more probably, only to the concentration of the ionized part of the salt. 
The salt-effect is an acceleration and if we call K v („„)<> the velocity of 
decomposition of the imido ester ion in the absence of any, salt at all, 
this velocity will be increased proportionally to some specific acceleration 
factor A , and to the concentration ma of the ionized part of A salt. So we 
have 

^ v(ion)obs . *“ ^ v(ton)o + A Wl a). (5) 

Kv(um)obs. is the constant calculated according to equation (3) from 
the observations without any allowance for a salt-effect. 

K V ( wn ) 0 , the velocity constant when the salt effect is eliminated, is easily 
found by extrapolation from the observations when imido ester salts 
are present without added salts, A from the results obtained when salts 
have been added. We arrived thus empirically at the rather unexpected 
result that the accelerating factor A is approximately the same for 
sodium, potassium and lithium chlorides and for the bromides as well 
as for the chlorides, viz., about 185 per cent, per gram molecule of fully 
ionized salt. Table I illustrates this fact for potassium chloride and 
potassium bromide. K v is the velocity coefficient calculated without 
regard to the degree of ionization of the imido ester salt, a is the degree 
of ionization of the salt calculated with the aid of the principle of iso- 
hydric solutions. In the columns headed “found” are given the values 
obtained for K v j a by experiment; in the columns headed “calculated” 
are the values obtained according to equation (5), in which the velocity 
coefficient K V ( t0n ) o in the absence of any salts at all is taken as 164 and the 
salt acceleration factor A is taken as 185 per cent, for both series. 


Table I.* 

KCl. KBr. 

43430 Kvla. 43430 K v j a . 


KHal. 

m. 

Pound. 

Calculated. 

Found. 

Calculated. 

O 

176 

176 

176 

177 

O. I 

191 

190 

191 

190 

0.2 

213 

214 

209 

215 

O.25 

227 

226 

23O 

227 

o -333 

247 

245 

(268) 

247 


I wish to emphasize this result because the work of others, notably of 
Arrhenius and Euler, with cane-sugar and esters, shows varying specific 

accelerating factors for these salts. I believe our work has the advantage 

of our knowing from conductivity measurements the degrees of ioniza- 

tion of the imido ester salts as well as of the added electrolyte so that 

there seems to be ho unknown factor left in our estimations. But we are 
simply presenting these results for the time being as an empirical contri- 
bution to the whole question of catalysis and we do not consider the 
very Complex question of “salt catalysis” as at all settled. 8 

1 Edith E. Barnard, Dissertation, 1907. 

* Taken from W. W. Hickman’s dissertation. 

* Work on “salt catalysis” is being continued by L. S. Weatherby, preliminary * 
results by' Mr. Hickman on the effect of sulphates indicated an abnormally high effect. 
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With the aid of the determination of the salt factor for chlorides and 
bromides we have been able to show that the positive ester ion shows 
indeed the same* rate of decomposition irrespective of its origin from either 
of these salts and very probably also for the nitrate 1 (see the values for 
K v i a for the three salts in equi-molar concentrations as given in Table II), 
This is exactly what our theory would require, namely, that the simple 
reason why the addition of an acid accelerates this decomposition is that 
it forms a salt whose positive ion is the reacting component and that the 
concentration of the ion is enormously increased when the catalyzing 
acid is added to the free ester, which is a very weak and therefore little 
ionized base. 

Table II. 8 — Ethyl Imido Benzoate. 


Hydrochloride. 


Hydrobromide. 


Nitrate. 

m. 

r . 8 

K V A 

Kvja* 

a* 

K V A 

Kvia* 

0.* 

KvA Kv(a • 

0.05 

77-8 

136 

175 

75.9 

133 

176 

75.1 

133 177 

O.I 

71.8 

132 

185 

69.4 

128 

184 

68.3 

127 186 

0.2 

64.5 

121 

188 

61.7 

119 

193 

60.4 

118 195 

0-33 

57-7 

114 

198 

54-7 

108 

198 

52*7 

107 201 


It was suggested by Arrhenius and emphasized by Euler thlt the 
salt acceleration is probably largely due to the increased ionization of 
water in the presence of electrolytes, but quantitative evidence in support 
of such a conclusion has not been brought, as far as I am aware. In view 
of the increase observed by Arrhenius and others 8 in the strength of other 
acids in the presence of added foreign salts, e. g. f of acetic, formic and 
carbonic acids in the presence of sodium chloride, it seems a sufficiently 
rational assumption that water should show a similar increased ionization.® 
The imido esters, enabling us to measure the actual concentration of the 
reacting imido ester ion, gave us an opportunity to bring experimental 
evidence strongly supporting this view. From equation (3) it is obvious 
that if the salt acceleration is due to the increased ionization of water, 
viz. , an increase in the value of the third factor , (C H X Cor) then, C pos , esl io ' n 
being known by experiment, the velocity constant K viton) calculated 
without taking any increased value of [C# X C OH ] into account, should 
increase in the Same proportion for all the imido esters for the same 
concentration of added salt ions, irrespective of the fact that, according 
to the ester used, the decomposition may be a comparatively slow or a 
very fast one. We have found this to be true 7 — all the esters used show 
the same acceleration per gram molecule ionizecj salt — i. e. t close to 
185 per cent, per gram molecule ionized potassium chloride, etc. 8 

Having found that the reacting component in these and a number 
of other actions under the influence of acids is the positive ion of a salt 
formed with the acid, we were naturally most interested in the question 

1 The salt effect for nitrates is now being determined, 

* Taken from W. W. Hickman's dissertation. 

8 Taken from Edith E. Barnard’s dissertation. 

4 Taken from Schlesinjger’s results, hoc. cit . 

* E. J. Szyszkowski, Z. physik. Chem ., 58, 419. 

* See a discussion of the other side of this question by Acree, Am. Chem , 41, 474* 

7 Dissertation of Edith E. Barnard and W. W. Hickman. 

■ The investigation of the ionization of water in salt solutions is being continued 
with other substances and by other methods. 
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why the ion should be so reactive, why it should be so important a com- 
ponent. We can hardly consider the decompositions to be purely ionid 
reactions , 1 comparable with the hydrolysis of salts in aqueous solutions, 
as was mistakenly assumed, for instance, by Euler and by Kastle. Such 
assumptions run counter to the law of mass action applied rigorously in 
the analysis of the conditions . 1 The law is, however, in agreement with 
the assumption 2 based on experience gained in organic chemistry that the 
following are the stages for the action : 

yNH 2 + / nh » + 

C b H 5 C< + H+ + OH- — > C,H t C— o II — ► C,HjC0 2 CH s + NH 4 + (6) 

0CH > \)CH, 

Now, we may well ask why this should be an enormously faster action 
than the entirely analogous possible action of water on the non-ionized 
free ester, which, it is clear, could proceed in a very similar series of stages 
as expressed in the equations : 


JfH / NHi 

C,H,Cf + H + + OH - — > C,H 5 C— 0 H — ► C„H 6 CO a CH, + NH„. (6') 

X °CH S \xH, 

For me, one of the most interesting and important features of out- 
work is found in the unmistakable way in which the fact is brought out 
more and more clearly that the accelerating or catalytic effect of the 
acid is most intimately associated with the transformation, in acid solu- 
tion, of the positive ion of a weaker base into that of a stronger one — 
the results no doubt of the principle of the loss of a maximum amount 
of free energy . 3 This is shown most strikingly in the following illustra- 
tion: whereas the above imido esters are very rapidly decomposed by 
water in the presence of acid, this is not the Case for the closely related 
compounds, the urea ester salts, which, structurally considered , could 
react quite as easily with water but are as a matter of fact quite stable 
in acid solution. The transformation 


^nh 2 + 

NH 2 Cf +HOH 
X OCH, 


/ j NH a + 

NH,C— OjH — > NH 4 + +H 2 NCOOCH g (7) 

'NdcHj 


only takes place to a very slight extent at ioo°, and at ordinary tempera- 
tures, where imido ester salts are completely decomposed in one to ten 
hours, the urea ester salts have not been observed to decompose at all . 4 
In this case we have the notable fact that such a transformation would 
involve the change of a salt of a stronger base into that of a much weaker 
one — an ammonium salt — and this does not take place. To test the 
legitimacy of our reasoning we recently examined the behavior of ben- 
zoyl urea ester salts: the benzoyl urea esters form very much weaker 

1 See a more complete discussion by Stieglitz, Am. Chem. 39, 402. 

* Stieglitz, Loc. cit . 

• Ibid . 

4 The degree of stability is being examined quantitatively . 
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bases than ammonia and our reasoning would lead us to expect that they, 
in turn, ought to be decomposed quite as smoothly in acid solution as the 
imido esters. Such is, in fact, the case; 1 urethanes and ammonium salts 
readily result according to the equation 

^NH 2 + 

CH.CO.NH.CC + HOH — ► NH 4 + + C,H 6 CONHCOOCH,. (8) 
X)CH S 

We find then that perfect analogy in structure is of far less importance 
in determining the result of the action of water than a definite physico-chemical 
relation subject to quantitative measurement. 

This is again brought out beautifully by the behavior of the urea esters 
towards ammonia. The imido esters give with ammonia amidines and 
again the action is accelerated by the addition of an acid or an ammonium 
salt and, as we shall see presently, this is due to the fact that again it is 
the positive ester ion that reacts with ammonia, an amidine resulting 
according to the equation 

C,H 5 C( : NH.+)OCH s + NH„ — ► C,H 6 C( : NH +)NH 3 + HOOfc ( 9 ). 

Now, urea esters which, as explained above, would not react with water 
in acid solution because the salt of a stronger base would be converted 
into the salt of a weaker one if they did react, would give. with ammonia 
guanidines which are still stronger bases than they are themselves. 
They should, therefore, according to this theory, react with ammonia in 
the presence of an acid; as a matter of fact they do, producing guanidines 
very readily, and we were able to prove again that the velocity of the 
formation is proportional to the concentration of the positive ester ion; 1 
in fact, until our theory led us to recognize the importance of having a 
salt-forming acid present, all our efforts to prepare guanidines from 
urea esters — by using ammonia alone — had proved futile; so that this 
theory seems to agree equally well with the reactions of a given compound 
which do occur as with those which do not take place. 

We have found too that in series of structurally closely related esters 
where what might be called the structural and stereochemical resistances 
to the action are perhaps approximately the same, the transformation 
of the positive ion of a weaker base in the presence of acids into that of a 
given stronger base, say into the ammonium ion, proceeds with the greater 
velocity at a given temperature the weaker the original base is* This brings, 
as far as I am aware, the first complete experimental proof of a theory 
which others, notably van’t Hoff and Euler suspected to be true, 4 although 
there appeared so many marked contradictions to the assumption that 
the theory appeared at best a very uncertain one. For instance, Hemp- 
tinne 8 and Eowenherz,® working on this problem at van’t Hoff’s sug- 
gestion, obtained the following results for the saponification of esters by 
acids: 

1 J. C, Moore’s dissertation, 1909. 

> R. A. Hall’s dissertation (1907). 

* C£. Stieglitz, Loc. cit., and McCracken, hoc, cit. 

* See the discussion by Euler, Z. physik. Chem., 36, 410. 

* Ibid., I 3 > 561. 

* Ibid., IS, 395 - 
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Tabuj III. 1 


Rater. Velocity constant. Ioniz. const, of the acid. 

HCOOC 2 H 6 o.ii 21 X icT 

CH 8 COOC 2 H 5 0.0057 i. 8 XkT # 

C 1 CH 2 COOC 2 H r o 0033 155 X 10- 

Cl 2 CHCOOC 3 H ft 0.0053 5100 Xuo" 

CH 3 CH 2 COOC 2 H 6 o 0061 1.3 X 10" 


Assuming, as Euler did, that the strongest acids produce the weakest 
bases in their esters, one might expect the positive ions of the chloroacetic 
acid esters to be saponified most rapidly to give the positive ion of a 
given stronger base, the oxonium base of ethyl alcohol. As a matter of fact 
the velocity constants in the above table do not tell us anything at all 
as to whether that is so or not and that is why the theory, heretofore, has 
appeared as an unproved one; obviously it does not follow from the data 
in Table III, where the weakest bases/ dichloroace tic ester and chloroacetic 
ester, have the smallest , not the largest, velocity constants of decomposi- 
tion. But the fact that, for instance, the velocity coefficient for the 
saponification of dichloroacetic ester is even smaller than that for ethyl 
acetate docs not mean anything at all in regard to the real relative rates 0} 
trans formation of their positive ions : there is a second factor involved, 
namely, the concentrations of the positive ions of the esters are 
dependent on the strength of the esters as oxonium bases, as expressed 
in our fundamental equations for the catalysis of an ester by an acid. 2 
In our fundamental equation 

dx/dt = K v (y>n) X (~fios.est.10n ^ ^ ( IO ) 3 

we may substitute for C pos , esL ton the relation expressed in: 

(-fios.est.ion 888 ^ affJ ^ ^ ester X C H (ll ) 4 

and have 

dx/dt = K V ( ton) X k a fjjk' X C ester X t H X [C H X C OH ] (12) 

K* X C ester X C H X C H X C OH (13) 

which is the ordinary equation representing the velocity of decomposition 
of esters by acids. What we determine with esters, for instance in Iiemp- 
tinne's and Lowenberz's work as expressed in Table III is K v and not 
the more fundamental constant K v ( ton ). Now 

K v = K v a on ) X k a fjj'k' (14) 

and it is obvious that if the basic strength of the ester as expressed in 
k a ff, grows very much smaller, as it undoubtedly does when we go from 
ethyl acetate to ethyl chloroacetate, K v ^ ton ) could easily grow very much 
larger and yet K v need not change appreciably or it might even grow smaller , 
without the result being in any disagreement whatever with the theory 
expressed. This means, of course, that determinations simply of the 
velocity constants K v of decomposition of such esters do not prove any- 

1 T}ie table is taken from Euler, Loc . cit., p. 412. 

* Stieglitz, International Congress of Arts and Science , St. Louis, 1904, 4 , 276 
of the report, and Am. Chem, /., 39, 47 (1908). 

* Cfios. rst. ion is a function of x. 

4 W is the stability constant of the oxonium hydroxide. may be considered 

the stability constant of the complex ester ion. Cf. Bredig, Z. Elektrochem 9, 118 
(foot-note). 
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thing as to the principle at issue. A somewhat stronger base might 
well give a higher rate of change than a weaker one by virtue of the fact 
that a larger proportion of the base is present in its active form, the ion, 
and the real rate of decomposition of the ion may be much smaller than 
that of an ester giving a smaller velocity constant K v . The imido esters 
have the advantage that their affinity constants are easily ascertained 
and we do not deal with any such unknown quantity at all, and thus we were 
able to bring what 1 believe is the first experimental proof of the sound- 
ness of the theory. An apt illustration of the correctness of our argu- 
ment concerning the lack of data for a correct analysis of results like those 
given in Table III is found in the following facts: the formation of ami- 
dines from imido esters, as was stated, is greatly accelerated by the addition 
of acids or of an ammonium salt and we were able to show that the amidine 
formation may be considered essentially a function of the concentration 
of the positive ester ion, proceeding according to 
.NH 3 + .NH,+ 

C*H 6 C< + NH 8 — ^ C 8 H 5 C< + HOCH, (9) 
x OCH 8 x NH a 

and 

dx/dt *= K v X C pos esi ^ X C NHt (15) 1 


Now, if we develop the expression for the concentration of the positive 
ion of a very weak base like an imido ester in the presence of a much 
stronger one like ammonium hydroxide we find that: 

q C ester X Ctf** 


" pos. est . ion 

and by substitution we get: 

dx/dt — K v , um) X 


Qfli 


m< T v Kft. *h. 

X 1 


Kff. 4 


X 


"'aff. antm. 

C ester X C NH + 


K 


v(ion ) 


X 


' aff . amm. 
kgff. est. 

^ aff . amm. 


c 


x c 


nh 9 


NHs 


X C ester X 


(16) 

( 17 ) 

(18) 2 


Now, imido ethyl benzoate forms benzamidine considerably faster 
than does the methyl ester: in both cases the change is from the salt of 
the positive ion of a weaker base to that of a much stronger one, the 
amidine, but the ethyl ester is the stronger base and yet it reacts the faster 
and apparently contradicts our theory. A knowledge of the affinity 
constants shows, however, that it reacts the faster only because by virtue 
of its being a stronger base it takes a larger proportion of the catalytic 
agent, the acid, from the ammonium chloride, and forms a proportionally 
larger concentration of the active component, the ester ion, than does 
the methyl ester under the sdtaie conditions. Calculating with the aid 


1 Cpos. est. ion is a function of x. 

3 In passing, it may be remarked that this last form shows that the action may be 
considered one of the ion ammonium acting on the ester, but we believe our original 
assumption to be the right one for reasons found in the behavior of organic compounds 
which cannot be elaborated here; it may be said, for instance, that we have found NH, 
and not NH 4 + to react with ordinary esters to form amides and are carrying out other 
more crucial experiments on this point. Vide Acree, Am . Chem. 38, 308. 
‘itzgerald and bapworth, J. Chem. Soc. t 93, 2163. 
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of the affinity constants the true velocities of transformation of the positive 
ions , we find the true relation: K V (i on > for the methyl ester is 140/0.434 
and for the ethyl ester only 69/0.434. 1 So the true relations resulting 
from an exact knowledge of all the quantitative constants involved agree 
perfectly with the fundamental principle given. 

This reaction shows other points of great interest: for instance, the fact 
that the concentration of ammonia cancels *>ut of the mathematical 
equation leads to the conclusion that the velocity of decomposition is 
independent of the concentration of ammonia, one of the reacting com- 
ponents. 

This peculiar conclusion has been fully verified by experience; the 
velocity constant is as a matter of experiment almost, although not ab- 
solutely, independent of the concentration of ammonia; in the case of the 
above methyl ester, the constant grows only about 10 per cent, with an 
increase of 400 per cent, in the concentration of the ammonia. This ap- 
parent contradiction with the law of mass action is readily understood 
if we remember that the concentration of ammonia has two effects which 
oppose each other; ammonia does accelerate the action in proportion to 
its mass as required by the law, but it also to the same degree retards 
the action by depriving the weaker base of the ionizing and therefore 
catalyzing acid. Within a year Lapworth 2 has made the extremely 
important discovery that water stands in exactly the same relation to 
the esters in the catalysis by acids — only then the two bases competing 
for the acid are two oxonium bases, the ester and water. 

And now in conclusion I wish to call attention to one more result with 
these imido esters which has impressed us very much and which seems 
to me to throw a very clear light on the whole question of catalysis or 
acceleration by showing certain limitations to .catalytic effects. It was 
mentioned a moment ago that the velocity of formation of benzamidine 
from methyl imido benzoate may be expressed as a function of the positive 
imido ester ion and that it is almost independent of the concentration of 
the ammonia; but it is not absolutely independent, there is a slight but 
steady rise in the value of the constants with increasing concentrations 
of ammonia. All other secondary reactions having been excluded ( e . g. t 
for fourfold increase of NH S , the constants rise gradually from 139/0.434 
to 154/0.434) as the cause of this increase by a knowledge of their velocity 
constants, we suspected that besides the main action of ammonia on the 
positive ester ion, there is a much slower action of ammonia also on the 
non-ionized free ester, namely, that we have two simultaneous actions: 
C e H 6 C( : NH 2 +)OCH 8 + NH, — C e H 6 C( : NH 3 +)NH 2 + HOCH 8 (18) 
and 

QHA : NH)OCH s + NH a — ► C 8 H 5 C( : NH)NH 3 + HOCH s (19) 

We had the more reason to suspect this as we had already found that 
water, besides decomposing the positive ion of an imido ester at a very 
high speed, also undoubtedly decomposes the non-ionized ester at a very 
slow fate. 8 It was found that the experimental results agree very well 
with this conception of two simultaneous actions in the formation of 

1 Miss Katharine Blunt's dissertation (1907). 

* Loc. cit. 

9 In this case the products are different. Vide Stieglitz, Derby and Schlesinger, 
Loc. cit. 
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benzamidine and that the velocity constant for the action of ammonia 
on the positive ester methyl ion at 25 ° is 325, while that on the ester 
molecule is only 0.0069. 1 That is, the positive ion is almost 50,000 times 
as reactive as the non-ionized molecule. It may appear somewhat 
surprising that such a small constant could still be detected side by side 
with such an enormous one, the whole action being completed in one 
to two hours. But we n^ust remember that for the ion action with the 
enormously high rate of change we have at any moment only minute 
quantities of the reacting component, e. g., 0.000,005 gram ion at the 
beginning of a velocity measurement, which is used up at an enormous 
speed but always formed again instantly by the purely ionic action of 
imido ester on the ammonium chloride. On the other hand the transfor- 
mation of the non-ionized molecule has the advantage of relatively high 
concentrations of each of the reacting components, say 0.05 both for the 
ammonia and for the free ester at the beginning of an action. With a 
concentration many thousand times in its favor it is then not surprising 
to find this very slow action becoming perceptible in careful quantitative 
work. Now, if we should use a much weaker base still, we might easily 
find the action with the non-ionized ester taking a more and more prom '4 * 
nent part in the total change, even if the actual rate of change of 
positive ester ion should still be very much the greater. We have recency 
found such to be the case for the action of ammonia and ammoniiJn 
chloride on benzoyl urea ester: 2 the velocity constants are so nie^y 
balanced against the affinity constants that the observed changes did not 
agree even approximately with either conception used alone, viz., that 
the guanidine formation was due to the action of ammonia on the positive 
ester ion alone, or on the non-ionized ester alone. But they did agree 
well with the view that # both actions occur simultaneously, the velocity 
coefficient for the action on the ion being 34.5 and the coefficient for the 
action on the non-ionized ester being 0.0015, a ratio of 23000 to 1 again. 
We were exceedingly pleased to find this case because it forms the con- 
necting link with what we have found to be true for the formation of 
ordinary acid amides from acid esters in the presence of ammonia and 
ammonium salts : 

CH s COOCH 3 + NH S CH 8 CONH 2 + HOCH* (20). 

This action seems to be essentially a function of the ester and ammonia 
and it is an extremely slow reaction. 8 We can easily understand this 
case now; the esters as extremely weak oxonium bases must be able to 
take only the faintest traces of acid from the ammonium chloride in the 
presence of ammonia and therefore the slow molecular transformation 
comes to the front as enormously favored by the concentrations of the 
reacting components. In the ?a$e of the actions of acids on esters and 
water, the esters compete only with an oxonium base of the same order 
of strength as they are themselves and rather weaker, 4 the oxonium base 
of water and here the reaction with the ion is again predominant. 

These studies then show us a whole range of organic compounds, obvi- 
ously of the same type and family but giving reactions which proceed quite 

1 Mr. Norton is collecting more data on these relations. 

* J. C. Moore’s dissertation (1909). 

* Unpublished work by J. Stieglitz and Dr. Barnard. 

* kfrpwrth, Loc. cit. 
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differently with the imido esters the action of ammonia on the positive 
ion is the essential action and the use of a catalytic agent, 1 an acid is 
advisable, in fact, necessary; with ordinary esters the action on the ion 
becomes negligible because the ion simply cannot be produced in sufficient 
quantity under these conditions and the action of ammonia on the non - 
ionized ester becomes the essential action. The addition of acid as a catalytic 
agent is practically ineffective and therefore inadvisable. But these ap- 
parently disconnected results are now easily understood as being per- 
fectly consistent and logical — the one case representing an almost but 
not quite pure type of one of the two natural simultaneous reactions — 
the enormously rapid action of the ammonia on the imido ester ion — and 
the other case representing the almost pure type of the other simultaneous 
action, the extremely slow action of ammonia on the non- ionized ester 
molecule. And the connecting link is found when the adjustment of 
the affinity and the velocity constants involved bring both actions out 
prominently at the same time. Of course one must then expect every 
possible class of reactions lying between these extremes. The results 
show plainly then, I believe, why a catalytic agent will work smoothly 
in a number of cases, and why it will fail utterly in accelerating actions 
apparently of exactly the same organic type, differing only in the numer- 
ical value of the physico-chemical constants included in the final expres- 
sion governing the action of a catalytic agent. We have been using the 
imido esters simply as a kind of magnifying glass to measure all these 
constants and thus to enable us to recognize some of the general underly- 
ing principles which govern catalysis by such chemical agents, as acids, 
bases and salts. 

ON THE BIOCHEMISTRY OF NUCLEIC ACIDS . 2 

By P A. levkne. 

Received December 2, 1909 

Life is the most complex phenomenon in nature and its manifesta- 
tions are innumerable. They all mysteriously arise in the living organism 
and are all harmoniously centered in it. This, even in its simplest form 
is the most perfect laboratory, the seat of an infinite number of chem- 
ical reactions, none of them interfering with the equilibrium of the others. 
The substances produced by the most primitive of the living organisms 
are as large in number as they are varied in their properties. The dis- 
coveries of new substances manufactured by the plant or animal cell 
are not yet exhausted and for ages the chemist dreamed of no better 
reward for his labors than the finding in tissue juices of a new body with 
properties hitherto unknown. The living organism was the only retort, 
vital force the only reaction in his possession that could furnish him with 
carbon-containing substances. In that sense every chemist in those 
days was a biological chemist. 

In the year 1828 a startling discovery was announced. Wohler wrote 
to Berzelius: “I must tell you that I can make urea without the aid of 
the kidney, or generally without the living organism whether of man 
or dog,” and four years later the divorce of biological and organic 

1 Loc. tit. 

* Presented at the Second Decennial Celebration of Clark University, Worcester, ^ 
Mass., September 15, 1909. 
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chemistry was apparently accomplished when Wohler and Liebig laid 
the foundation of the organic chemistry of to-day by their work on the 
radicle of benzoic acid. However, the divorce was only apparent, for 
the reason that only the knowledge of molecular constitution made it 
possible to establish the relationship between the organism and the 
chemical bodies manufactured by it, only the knowledge of the dynamics 
of the chemical reactions could codrdinate the observations of the func- 
tions of the living organism, and of the accompanying changes in the 
composition of the living cells. 

The attitude of the biological chemist was altered. He saw his new 
goal in disclosing the nature of chemical reactions occurring within the 
living cell and finding their bearing on the manifestations of life. 

If time’ permitted I would present to you the progress of all the work 
done in that direction in recent years. Within the narrow limits of this 
report, however, this is impossible to accomplish with any degree of 
justice to the subject and I shall, therefore, limit the discussion to only 
one phase, namely, to the work bearing on the chemical interpretation 
of one of the most cardinal properties of living matter. 

Living matter is distinguished from inanimate by the fact that it under- 
goes cleavage and oxidation at a very perceptible velocity, and that 
the restoration of the loss sustained in that manner takes place at approx- 
imately the same rate. Thus the function of automatic regeneration 
lends to living matter its principal peculiarity. 

Great credit is due to the biologist for the discovery that in an or- 
ganized' cell this function is seated in a formation possessing definite 
chemical 'properties, named chromatin or nuclein. At a time when 
the process of regeneration is very active, namely, during the develop- 
ment of the fertilized egg, the rate of the new formation of nuclein rises 
to a very perceptible degree, and the observer is led to see a genetic re- 
lationship between these two processes. 

Our distinguished biologist, Jacques Loeb, 1 was the first to express 
the function of reproduction in terms of chemical reactions. In his 
address to the International Congress of Zoologists held in Boston in 
September, 1907, he stated: “If the question be raised as to what is the 
most obvious chemical reaction which the spermatozoan causes in the 
egg, the answer must be an enormous synthesis of chromatin or nuclear 
material from constituents of the cytoplasm. ' Thus, it becomes evident 
that the knowledge of the mechanism of regeneration is dependent on the 
knowledge of the chemistry of nucleins. 

I shall for a moment forestall the systematic discussion of the chemical 
nature of nucleins by mentioning that at the time of Loeb's address we 
were in possession of considerable information on the composition of 
these substances. It was known that phosphoric acid entered into the 
formation of the molecule. Therefore, it became evident to Loeb that 
a supply of phosphoric acid was required in order to make a synthesis 
of nucleins possible. In a developing egg the phosphoric acid was fur- 
nished by the cell itself, for the formation of nucleins proceeded also 
when the eggs were placed in a medium free of phosphoric acid. The 
other components of the cell that are known to contain phosphoric acid 
in their molecule are the lipoids. In these substances phosphoric acid 

1 University of California Publications in Physiology, 3, 61-81 (1907). 
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is present in an ester-form combination, and Professor Loeb proceeded 
to argue that the first phase in cell reproduction d priori ought to consist 
in the saponification of its lipoids. This assumption was brilliantly verified 
in his experiments on artificial parthogenesis. He brought to light the 
fact that dissolution of the lipoids is actually the process which precedes 
the nuclein synthesis and the segmentation of the nucleus. He further 
demonstrated that agencies facilitating this saponification were able under 
favorable conditions to start the development of an unfertilized egg 
without the aid of spermatozoa. Thus only an elementary knowledge 
of the chemical nature of two cell components furnished Professor Loeb 
with the power at will to start or to impede cell development by chemical 
means, and in a way to furnish evidence that the function of regeneration 
was a chemical process. But the process of nuclein synthesis in the ac- 
tive cells is not yet disclosed in its harmonious entirety, and no one can 
entertain any hope of arriving at this knowledge without the discovery 
of the chemical constitution of nucleins. 

The considerations that attracted the attention of so many chemists 
to the work on the chemical nature of these substances, therefore, are 
becoming very obvious, and I shall attempt to present the results and the 
achievements of the numerous endeavors towards the solution of this 
very difficult problem. 

The first important contribution to the chemistry of nucleins was 
made by Altman, a biologist . 1 Altman was in possession of the infor- 
mation that nucleins were endowed with the properties of fairly strong 
acids, and further that they were quite resistant to the action of pepsin 
hydrochloric acid. The latter property enabled him to prepare con- 
siderable quantities of nuclein by removing the protein part of the tis- 
sues by means of peptic digestion, and the fats by the usual extractives. 
The remaining nuclein he found to consist of a protein combined with 
a conjugated phosphoric acid. The acid he named “nucleic acid.” 
By means of alkaline hydrolysis, Altman succeeded in removing all the 
protein from his nuclein so that the final product analyzed by him re- 
fused to disclose any trace of protein even by the aid of the most sensitive 
color test. 

The further development of the chemistry of nucleic acid was accom- 
plished through the investigations of Miescher, of Schmiedeberg and his 
pupils, of Kossel and his school, by Haiser, G. H. Hammarsten and his 
pupil Ivar Bang, and in this country bv the work of T. B. Osborne, of 
Walter Jones, and of my co-workers and myself. I must, however, add 
that the purest nucleic acid was obtained by the man who was first in 
so many lines of chemical activity, Liebig, although on this occasion 
he failed to discover the real significance of his finding. 

I shall make no attempt to present all the work on nucleic acid in its 
chronological order, but I shall refer to individual investigations in con- 
nection with the discussion of the development of the various phases in 
our knowledge of chemical structure of those complex acids. 

The three principal phases in the endeavors to reveal the nature of 
nucleic acid consist: first, of work aiming to obtain the substance in a 
convenient manner, and in a possibly unaltered condition with a 

1 Arch . Anat. und Physiol. Physiol . Abt., 1889, 524. ' 
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view to ascertain the elementary composition of the substance; second, 
in the work directed towards finding all the components of the various 
nucleic acids; and third, in determining the actual structure of the molecule; 
or in other words the manner of arrangement of , the individual com- 
ponents within the molecule. 

Ultimate Analysis of Nucleic Acids. 

I shall touch only briefly on the first phase of the work, for the reason' 
that it is of interest principally to the men personally engaged in it. The 
achievements obtained through that work are not very significant. Only 
in, connection with the study of inosinic acid, a nucleic acid of beef muscle, 
the elementary analysis was of unmistakable service in ascertaining the 
composition of the substance. It was the first and thus far the only 
instance that a salt of a nucleic acid was obtained in a crystalline form. 
The fact that no other nucleic acid has been prepared in an absolutely 
pure condition renders the conclusions drawn from their analysis only 
of secondary value. The workers who contributed to the improvement 
in the methods of preparation of the substance are: Altman, Miescher, 
Schmiedeberg, Kossel, Neumann, Hammarsten, Bang, Haiser and myself . 1 

The methods of preparation and of purification of the substance 
employed by individual workers differed greatly either in principle *or 
detail. Under such circumstances marked divergence was noted in 
the analytical figures obtained by different investigators for nucleic acids 
even of the same origin. The following table illustrates some oi these 
discrepancies. 

Table Showing the Elementary Composition op Various Nucleic Acids. 

C. H N. P. O. Base. 

I. Thynionucleic acids oi animal 

origin: 

1 Fisch sperm: 

a Salmon (Miescher and 

Schmiedeberg).. . . 37 8 45 15 8 97 33.2 

b Gadus (Levene) 34.8 5.2 16.8 9.1 

c Homo (Katsuji and 

lncuye) 37.5 44 16.0 9.7 

d Maifiseh (Levene and 

Mandel) 36.3 5.0 15.9 8.1 

2 Pancreas: 

a Ivar Bang 34.2 4.4 18.2 7.7 35.6 

b v, Fiirth, and Jerusalem. . . 29.2 4.3 11.6 6.9 . .. Cu *■ 14.2 

3 Spleen (Levene) 37.8 4.8 16.5 8.99 

4 Mammary gland (Levene and 

Mandel) 1, 34.7 4.4 15 .6 8.5 

5 Intestinal wall (Katsuji Inouy^) 37 . 5 4.8 15.5 9.4 

6 Thymus gland: , 

a (Ivar Bang) 35.8 4.2 15.3 9.3 ... Na — 6.23 

1 Altmann, “tlber Nukleinsauren,” Arch, f . Anat. u. Physiol . Physiol Abt., 1889, 
524. Miescher, Verhand. der naturforschenden Ges. in Basel , 1874, 138; Arch. exp. 

Path. Pharm ., 37, r- (1896). Schmiedeberg, Arch, exp, Path. Pharm., 43, 57 (1900). 
Kossel u. Neumann, Ber., 27, 2215, (1894), Neumann, Arch, Anat und Physiol. Physiol. 
Abt,s&w f 552. Bang, Z. physiol Chem n 26, 133 (1898-9). Haiser, Monatfh. Ckemie , 
16. Levene, Z. physiol Chem,, 32, 541 (1901); 37, 402 (1902-3); 45, 370 (1905). 
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C. H. N. P. O. Base. 

& (Kostytschew) 31.4 4.6 12.8 7.6 ... Ba — 17.5 

e (Herlant) 37-53 4-93 16.48 9.63 

d (Schmiedebcrg) 35.82 4 14 14.68 9. 17 .. 

II. Guanylic acid (animal origin) : 

a Ivar Bang 34 28 4 39 18 21 7 64 34.48 

b Levene and Mandel 36.35 4 95 18 65 6.15 33 90 .. 

III. Plant nucleic acid: 

1 Yeast: 

a Herlant 33 7 41 14 8 8 69 . . Cu — 16 

b Levene 34.97 4 41 15 21 8 6 

2 Wheat embryo (Osborne and 

Harris) 33.1 42 14 9 81 

In adopting an empirical formula for the nucleic acids the individual 
investigators were guided not only by the analytical figures, but also by 
considerations of a speculative nature based to some extent on information 
obtained on partial or complete hydrolysis of the acids. The basis for 
the speculations of the different workers varied considerably. This 
led to a great divergence in the views on the empirical formula of nucleic 
acid. The following table contains some illustrations of it: 


c. h, n. o. p. 

Schmiedeberg 1 (sperinnucleic acid) 40 56 14 26 4 

Steudel 2 (thymus nucleic add) 43 57 15 26 4 

Levene 8 (spleen nucleic acid) < ^ ^ 1 20 ^ $ 

P (43 55 15 3i 4 

Osborne and Harris 4 (wheat embryo nucleic acid) 42 62 16 31 4 

Kossel* (yeast nucleic acid) ^ 1 * 2 

J (25 36 9 20 3 

Boas* (yeast nucleic acid) 36 52 14 24 4 

Levene 1 (yeast nucleic acid) 38 50 15 29 4 


The Components of Nucleic Acids. 

It has been stated that the first knowledge of the chemical nature of 
nucleic acids was limited to the information that it was a conjugated 
phosphoric acid. The first work of Altmann was followed by that of 
Kossel. The efforts of this investigator were directed towards the analysis 
of the products of hydrolytic cleavage of nucleic acids. His first achieve- 
ment was the discovery of purine bases in the molecule of nucleic acids. 
These bases can be obtained on cleavage of nucleic acids with very dilute 
solutions of mineral acids. Kossel further devised methods for the 
separation of the individual bases. He arrived at the conclusion that 
four purine bases, namely, adenine, guanine, hypoxanthine and xanthine, 
enter into the molecule of nucleic acids. This view, however, was later re- 
vised as it was established that only two purine bases, adenine and guanine, 
actually enter into the composition of nucleic acids. Hypoxanthine and 

1 Arch . exp. Path . Pharm ., 57, 309 (1907). 

*'Z. physiol. Chem., 46, 332 (1905). 

• Biochem. Z., 17, 120 (1909). 

4 Z . physiol . Chem., 36, 85 ti902). 

* Arch. /. Anat. Physiol. , p. 181 (1891). 

• Arch exp^Paih. Pharm., 55, 16 (1906). 

* Biochem , Z u 17, 120 (1909). 
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xanthine are now regarded as secondary products . 1 However, it was 
evident from the figures obtained on elementary analysis of nucleic acids, 
that their molecule contained substances other than purine bases. On 
the basis of the observation that on hydrolysis with dilute mineral acids 
only the purine bases are liberated and the other components remain 
intact, there was advanced a theory that in nucleic acids the phosphoric 
acid is combined with a complex radicle forming a conjugated phosphoric 
acid, and that this in its turn combined with the purine bases. The 
manner of this combination was the subject of considerable discussion 
and disagreement. 

The efforts to elucidate the composition of the complex radicle resulted 
in the discovery of the following purine derivatives . 2 

N - C.NH, HN— CO HN— CO 

11 11 11 

OC CH OC CH OC C.CH S 

I II I II I II 

HN— CH HN— CH HN— CH 

Cytosine. Uracil. Thymine. # 

However, in order to obtain these substances it was necessary to resort 
to the hydrolysis by means of mineral acids of considerable concentra- 
tion. This procedure caused many investigators to express doubt as 
to the presence of the pyrimidine bases in the nucleic add molecule. 
The doubt was particularly great regarding the orgin of cytosine and 
uracil. R. Burian * 1 with great persistence defended the view that these 
two bases took their origin in the partial cleavage of the purine ring. 
However, the majority of workers were inclined to consider cytosine 
also as a primary constituent of the molecule of nucleic acids, while uracil 
was considered a primary product in the acids of plant origin only. 

Besides the purine and pyrimidine bases the molecule of nucleic acid 
was found to contain carbohydrates. The complex nucleic acids of 
animal origin contain a hexose, the exact nature of which is not yet 
established. The nucleic acid of plant origin and the simpler nucleic 
acid of the animal tissues contain a pentose. On the basis of the work 
of Neuberg 4 the pentose was considered /-xylose. However, very recently 
Jacobs and I have succeeded in isolating the substance in crystalline form. 
This made it possible to establish the true nature of the substance as 
d-ribose , 6 

As the methods of analysis had improved, and as approximately quan- 
titative estimation of the components was made possible, it was found 
that in nearly all the acids the bases were present in approximately 
equimolecular proportions, that the number of molecules of phosphoric 

1 Levene, Z . physiol. Chem ., 45, 370* (1905). W. Jones and Austrian, J. Biol. Chem., 
3, 1 (1907). 

1 Kossel and Neumann, Her., 27, 2215 (1894). Ascoli, Z. physiol. Chem., 31, 161 
,(1900-1). Kossel and Steudel, Ibid., 37, 177 (1902-3). Levene, Ibid., 37, 402, 527 
(1902-3). 

* R. Buriatt, Ergebnisse der Physiol. 3 Jahrg. 1 Abt, $8 (1904); Z. physiol. Chem., 
51, 438 (1907)* Steudel, Z . physiol. Chem., 53 , 508 (19^7). Osborne and Heyl, Am. J . 
Physiol „ 30 , 157 (1908). ^Levene and Mandel, Biochem. Z., 9, 233 (1908), 

4 Neuberg, Ber., 3a, 338b (1899). , 

f Levene and Jacobs, Ibid., 43, 2102, 3247 (1909). 
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acid corresponded to that of the bases, and the number of molecules of 
carbohydrate was equal to that of phosphoric acid. 1 

On the basis of these ca!£h!ations, and on the basis of the numbers of 
the character of the bases entering into the molecule of the individual 
nucleic acids the following classification could be established: 

1. Nucleic acids: Containing one purine base (no pyrimidine), a pen- 
tose and phosphoric acid. (Inosinic acid, guanylic acid.) 

2. Nucleic acids: Containing two purine bases (guanine and adenine), 
two pyrimidine bases (cytosine and uracil) and phosphoric acid. (Phyto- 
nucleic acids.) 

3. Nucleic acids: Containing two purine bases (guanine and adenine), 
two pyrimidine bases (thymine and cytosine), and a hexose and phos- 
phoric acid. (Nucleic acid of animal tissue — thymonucleic acids.) 

The Constitution of Nucleic Acids. 

The early speculations regarding the constitution of nucleic acids were 
based on the results of partial hydrolysis by means of dilute acids or 
weak alkalies. Refeience has been made already tfl the views expressed 
by Kossel. 2 By mere heating with water under increased pressure, this 
author thought lie obtained a substance, which was free of purine bases, 
but contained all the other components of the original nucleic acid. The 
substance was named thvmic acid. Nucleic acid was regarded therefore 
as a complex consisting of thymic acid and of purine bases. The author 
did not furnish an> detailed information regarding the nature of thymic 
acid. Somewhat more definitely formulated was the view of Schmiede- 
berg. According to this author there existed a complex -nucleotin, this 
complex combined with phosphoric acid to form nucleotin phosphoric acid, 
and this acid in its turn combined with puritje bases thus forming nucleic 
acid. Schmiedeberg ascribed to the nucleotin the formula C 30 H 42 N 4 O 13 . 
Alsbcrg/ working in Schmiedeberg’s laboratory, actually succeeded in 
obtaining a substance which had the composition of the hypothetic 
nucleotin. However, these writers also failed to disclose the constitution 
of the complex radicle. In fact, they failed to furnish evidence that 
their substance was not a mixture composed of several cleavage products 
of nucleic acids. 

Results of actual significance for the interpretation of the structure 
of the nucleic acid were obtained only recently. The point of de- 
*parture for the work was the study of inosinic acid by Levene and Jacobs. 
As has already been pointed out this acid is comparatively simple in its 
composition. It is composed of phosphoric acid, a pentose and hy- 

1 Schmiedeberg, Arch exp . Path , f’hutni , 46, 57 (1900). Kossel u. Neumann, 
Ber., 27, 2215 (1894). Kossel u. Steudel, Z physiol . Chew ., 37, 119, 120, 121, 131, 
177 (1902-3); 145, 377 (1903): 38, 49 - Ascoli, Ibid ., 31, 161 (1900-1). Steudel, 
Ibid., 42, 165 (1904); 43» 402 (1905); 44» *57 (1905); 46, 332 (1905); 48, 425 (1906). 
Osborne and Harris, Ibid., 36, 85 (1902). Jones, W., and Austrian, J. Biol . Chew ,, 3, 
1 (1907). bevene. Z. physiol. Chcm ., 37, 402, 527 (1902-3), 38, 80 (1903); 39, 4, 479 
(1903)7 43, 199 (1904); 45> 370 (i9«5)* Levene and Stookey, Ibid., 44, 404 (1904). 
Mandel u. Levene, Ibid., 46, 155 (1905); 47, 140 (1906). v. Fiirlh u. Jerusalem, Beitr&ge 
Chem , Physiol, u. Pathol io, 1 74 (1907). 

* Kossel and Neumann, Z. physiol . Chem ., 22, 74 (1896-7). 

8 Schmiedeberg, Arch, exp. Path. Pharm., 43, 57 (1900). Alsberg, Ibid., 51, 239 

<1904)- 
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poxanthine. Through prolonged action of dilute add at the temperature 
of 50° it was possible to break up the molecule into hypoxanthine and 
a pentose-phosphoric acid. 1 This substance was obtained by Jacobs 
and myself in the form of its crystalline barium salt. This acid had all the 
properties of a conjugated phosphoric acid, and on cleavage yielded the 
phosphoric acid. The acid reduced Fehling’s solution on heating without 
previous hydrolysis. It was concluded from this that in the molecule 
the phosphoric acid and the carbohydrate are bound in ester-form, and 
that the aldehyde group of the pentose phosphoric acid was free and that 
therefore in the inosinic acid the base and pentose were coupled in a gly- 
coside union. This assumption was strengthened by the fact that 
inosinic acid was found to be very resistant towards the action of alkalies 
even at fairly high temperatures, and even on prolonged boiling the 
acid underwent only partial hydrolysis with formation of phosphoric 
acid and of the complex : pentose-base. Furthermore, it wasfound that 
by hydrolysis at nearly neutral point the conditions for the reaction 
were more favorable and it was possible in this manner to isolate and to 
identify the pentoside-inosine (C 10 H 12 N 4 O 6 ). On the basis of t£is we 
concluded that the order of combination of the components m jthe 
molecule of the inosinic acid was established. I could add here that 
only on hydrolysis of the pentoside was it possible to obtain the crystal- 
line sugar which was identified as d-ribose. The structure of the com- 
plex pentose-hypoxanthine may be represented in the following manner : 

N — C — N 

11 ii 11 

HC || || 

H H H H j |i || 

CHjOH — C — C — C — C — N — C CH 

•| OH OH | | 

L 0 OC NH 

The same substance had been found by Haiser and Wenzel in beet 
extract. 2 

Regarding the place of the purine base which entered into union with 
the sugar, there still remains only the evidence of Burian that place 7 
is attached to the sugar and no information exists regarding the place 
of the hydroxyl in the pentose that is coupled with the phosphoric acid. 

The following step in the progress of the work was the application of ' 
the experience obtained on inosinic acid to the other nucleic acids. Jacobs 
and I next directed our attention to the remaining acid of comparatively 
simple composition, namely guanylic acid. Employing the same methods 
of hydrolysis as applied to inosinic acid, we obtained guanosine 
(C lt H,gN 5 0 5 ), a substance analogous to inosine; it possessed nearly the 
same crystalline form, differed in its physical constants, and on hydrolysis 
gave guanine and the same pentose as the inosine, namely d-ribose. This 
pentoside had the same properties as inosine in its behavior towards al- 
kalies and acids.* For the sake of convenience we named the substances of 
this order ‘‘nucleosides” and the combination of the nucleoside and phos- 
phoric add we named “nucleotides.” Thus according to that nomenda- 
' Ber > 44 ) 9703 (1908). 

2 Haiser and Wenzel, Motutish. Chem., 39, 137 (1908) 

•J&r., 43, 8474 (1909). 
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ture inosine and guanylic acid were to be regarded as mononucleotides of 
♦He following structure : 

N — C — N 


/ 0H H H H H 

O =. P— O — CH, - C — C — C— C 

\)H 


CH 


N 


OH OH 


O 


-C — CH 

oc- 


•NH 


(Inosinic acid ) 


/OH 

O - P—O - 


N — 

!l 

CH 


-C — N 


ch 2 


\ 


OH 


H H H H | || || 

-C-- C — C — C — N — C— C — (NH 2 ) 
| OH OH | || 

l O OC--NH 

(Guanylic acid.) 


The further application of the same methods to a more complex nucleic 
acid, to that of the yeast, led to the conviction that this also was com- 
posed in the same manner. Thus the same nucleoside-guanosine, as 
obtained from guanylic acid, was also found on hydrolysis of the yeast 
nucleic acid. When the proper conditions are observed the nucleoside 
can be chilled out and a nearly quantitative separation accomplished. 
In the filtrate from this nucleoside other substances of the same nature 
were expected. On the basis of considerations expressed by me in an 
earlier article on the composition of the yeast nucleic acid the molecule 
of the acid is composed of four nucleotides and therefore four nucleosides 
should be found on cleavage of the substance. The work in that direc- 
tion is of comparatively recent date, and a second nucleoside has already 
been obtained from the mother liquor of guanosine . 1 The second nucleo- 
side has practically the same crystalline appearance as inosine or guano- 
sine, and differs from these two only by its physical constants and by 
the fact that on hydrolysis it yields in place of guanine the base adenine, 
and is, therefore, named adenosine. Also on hydrolysis of this nucleo- 
side the crystalline d-ribose is obtained. The substance therefore had 
the following structure : 

N — C — N 


CH 


H H H H 


CH a OH— C — C — C- 

I OH OH | 

1 O 


C — N — C CH 

1 X I 

NH 3 C = N 


It possesses the melting point of 229° and the rotation: [a] D — — 67.30°. 

On the ground of this the structure of the yeast nucleic add may be 
presented in the following manner: 2 

1 Levene and Jacobs, Ber., 42, 2703 (1909)* 

* Bloch, Zeitsch ., 120, 17 (1909)* , , , 
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OH H H H 

O - p_ o — CII 2 — C — C — C — CH — C & H 4 N s 
I | OH OH | 

O J o 


I H H H 

O « P — O — CH, C — C — C — CH — C,H 4 N 5 0 
| I OH OH || 

OH 1 O 


All this work is of comparatively recent date so that as yet it could 
not have been extended to the analysis of thvnionucleic acid. But 
evidence had been furnished that this substance also has a structure 
analogous to that of the yeast nucleic acid 1 In fact considerations 
based on the work on thymus nucleic acid were the first that led to 
formulating the structure of the complex nucleic acid as a polynucleotide, 
of which the individual mononucleotides were composed of phosphoric 
acid, sugar and base. Levene and Mandel have on hydrolysis of the 
spleen nucleic acid with dilute sulphuric acid obtained a substance which 
had the elementary composition (C t1 H 17 N.,PO 10 ) of a complex consisting 
of phosphoric acid, hexose and thymine. On cleavage with 25 per cent, 
sulphuric acid this body gave rise to phosphoric acid, levulinic acick and 
thymine. This assumption is in harmony with subsequent discoveries 
on the simple nucleic acid and on the yeast uulceic acid, and pne feels justi 
fied in formulating the structure of thymonudeic acid in the following 
manner : 


O — CH 2 - 
O = P— OH 


OH H OH OH H 
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Thus the details in the structure of the molecule of nucleic acids are 
not yet known. But some general information is already obtained and 
the route is singled out, by which the solution of the problem will be 
reached. An indication is given for a point of departure for the work 
on the synthesis of these substances. Work in that direction is now in 
progress in our laboratory. 

Thb Rockefeller Institute for Medical Research, 

New York ^ity. 


NEW BOOKS. 

General Inorganic Chemistry. By Charles Baskerville, Ph.D., Trofessor of Chem- 
istry in the College of the City of New York. Boston, Mass.: D. C. Heath & Co. 
1909. pp. yii -f 357. 

This book is of considerable interest as Professor Baskerville has de- 
parted from what has become the more or less standard method of pfe- 
* Ber* f 41, 1905 (1908). 
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senting the facts of inorganic chemistry. The compounds described 
are not classified according to the metals which they contain, but accord- 
ing to the negative element which is present, or the acid from which they 
are derived. The elements are first considered, and then the oxides, sul- 
phides, nitrates, sulphates, etc. The classification within these groups 
is according to the Periodic Law. 

In the first chapter the student is introduced to chemical phenomena 
through experiments, which are described in detail These are selected 
to illustrate the fundamental concepts and laws of chemistry, which are 
appropriately emphasized. A brief chapter on the chemical elements 
follows, and then certain typical elements and compounds, together with 
their more important reactions are described at some length. Chapters 
are devoted to hydrogen, oxygen, water, the halogens, the halogen acids, 
alkali metals, nitrogen arid ammonia, the air, carbon, carbon hydrides, 
carbon oxides, and valence. A study of these chapters prepares the 
student for the more logical treatment of the elements and compounds 
which follows. The Periodic Law is next discussed in some detail, and 
then the elements are described according to the relationships indicated 
by the law 7 . The compounds are next considered in the order, halides, 
oxides, hydroxides, sulphides, hydrosulphides, carbonates, silicates, 
nitrogen oxides and hydroxides, sulphates, oxides and sulphides of man- 
ganese, oxides and sulphides of Group VII, binary compounds of Group 
IV and V, and compounds of carbon and nitrogen. There are unusually 
full chapters on radium and alloys. 

The novel order of treatment which has been adopted has many ap- 
parent advantages and some disadvantages. Among the advantages 
is the readiness with which relationships between compounds of analogous 
composition can be pointed out, and the effect of the nature of the more 
positive element in a compound on reactivity and general chemical prop- 
erties can be emphasized. Among the disadvantages is one of peda- 
gogical importance. In the usual method of presenting compounds 
according to the metal which they contain, the discussions of oxides, 
sulphides, nitrates, etc., which come at intervals, make it possible to 
review frequently, in a brief manner, the facts already acquired. Repeti- 
tion is an important factor in memory. According to the author’s ar- 
rangement a great many related facts are learned at one time, and then 
more or less dismissed. The proof of the method is in its application, 
and according to the author, the method has led to successful results 
with a, large number of students, over a period of several years. 

The arrangement of facts in the way adopted has led to the description 
of a great many compounds which are not ordinarily considered in ele- 
mentary textbooks. The book contains a mass of facts, stated very 
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briefly. Although the text contains but 336 pages, the index covers 20 
pages, each containing two columns. 

The theoretical considerations are contained in two chapters placed 
in about the middle of the book: one on molecular weights (six pages), 
and one on the theory of electrolytic dissociation (five pages). In ad- 
dition, there are a few brief references to such subjects as valence, re- 
versible reactions, etc., scattered throughout the text. The theory 
appears to be given for the sake of the theory itself, and not on account 
of its value in interpreting chemical phenomena; little application is 
made of it in the treatment of compounds or reactions which are discussed 
in subsequent chapters. 

The book is strikingly original and will, no doubt, appeal to many 
teachers. A student who has mastered its contents will know more facts 
of inorganic chemistry than can be learned by a study of many books 
twice its size. James F. Norris. 

Experimentelle Untersuchungen iiber Atomgewichte. von Theodore* Wjlliam 
Richards und seinen Mitarbcitern, 1887-1908. Mil 34 Abbildungen ini Text 
Deutsche Ausgabe besorgt von J Koppel. Hamburg und Leipzig. Verlag von 
Leopold Voss. 1909 vi -f 890 pp. Price, 35 marks. 

A felicitous outcome of the delivery of a course of lectures in the Uni- 
versity of Berlin by Professor Richards has been the publication of this 
substantial and important volume. About a fifth of its pages now appear 
for the first time in a German translation; the matter reprinted from a 
previous translation has been revised only to make it more faithful to 
the English original. 

The first article is entitled “Die in Harvard ausgeftihrten Atomge- 
wichtsbestimmungen” ; the included bibliography gives the titles of 
63 papers. Four of these contain the work of Cooke on antimony and 
of Huntington on cadmium, and antedate Richards’ activity. Nine of 
the more’ recent do not mention his name as author. Of the remainder, 
43 papers, filling 850 pages of this reprint, bear his name, and 19 of them, 
with their 330 pages, bear his name alone. These 43 together with 
three others needed for completeness of presentation, contain determina- 
tions of the atomic weights of no less than 19 elements: a magnificent 
body of work of the highest attainable accuracy. 

Edward W. Morley. 

Treatise on Qualitative Analysis. By J. F. Sellers. Second revised edition, 173 pp. 
Ginn & Company. 1909. Price, $1.00. 

Treatise is the proper title for this little work. It deals with qualitative 
analysis from all sides. Almost half of the book is taken up with theo- 
retical considerations, explanations of analytical operations and addi- 
tional notes. The application of physical chemistry to analytical chem- 
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istry is developed strongly and the presentation of this part is made very 
clear and attractive. 

The part devoted to the detection and separation of the metals arid 
acid radicles covers about the same ground that is included in most 
of the smaller works on this subject. The value of making comparisons 
between reactions brought about by the same reagent acting upon differ- 
ent solutions is left for the student to see for himself, it is not brought 
out here. 

For training “future chemists” this book is inadequate, but foi students 
taking the course in a general way it is remarkably well adapted as it 
points out plainly that there is something to qualitative analysis beside 
color and solubility of precipitates, and the separation of the “six groups,” 
a point entirely missed in many courses and most hooks. O. L. Shinn. 

A Manual of Qualitative Analysis. By J. F. McGrEgory. 133 pp Ginn & Company 
1009 Price, $1.00. 

This differs from most books on this subject in the arrangement. Groups 
and group reactions are not spoken of until all of the metals and the acid 
radicals have been studied separately. The groups are only discussed 
in the line of separations and the comparisons between the different 
metals are not made apparent. This method of treatment appears to 
multiply isolated facts and add confusion to the mind of the student. 
The term ion and the theory of dissociation are not used, and the old 
term radical is retained. The use of tables or schemes for group separa- 
tions is condemned but one method of separating each group is described 
in the text. 

The author states in the introduction that the book is not designed 
for those who intend to become chemists, but for those who can spend 
but a short time on this subject. For such students it would be a satis- 
factory book. O. L. Shinn. 

An Introduction to Chemical Analysis for Students of Medicine, Pharmacy and 
Dentistry. By Elbert W. Rockwoop, M.D., Ph.D. Third edition, illustrated, 
247 pages., Philadelphia: P. Blakiston’s Sou & Co. Price, cloth, $1.50 net. 

The first edition of this excellent laboratory guide was reviewed in This 
Journal, 24, 287. This third edition contains some new matter, and is 
especially characterized by the attention paid to the ionic interpretation 
of reactions. The preparation of a satisfactory book for a special class 
of students who have but a limited time to devote to chemistry is not 
an easy problem under any conditions; in the case of a work for medical 
students which must be full enough to prepare for physiological chemistry 
the difficulty is very great. Medical courses are already badly over- 
crowded. ” 

The present book does not make any undue requirement on the time 
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of the medical student, or call for more work than he should be expected 
to cover in his preparation for medicine. It presents a good outline of 
qualitative analysis and the minimum of the theory and practice of 
volumetric methods which may be considered necessary to fit the student 
for practical applications in later years of the course. There are also 
sections on the analysis of water and on the detection of poisons, and a 
long section on the identity tests for a considerable number of organic 
substances. The mechanical work on the book is excellent.. 

J. H. Long. 

Quantitative Chemical Analysis: Adapted for Use in the Laboratories of Colleges and 
Schools. By Frank Clowes, D.Sc., Lond., and J. Bernard Coleman, A.R.C.Sc., 
Dublin. 8th Ed., 565 pages. P. Blakiston’s Son & Co., Philadelphia. 1909. 
Price, $3.50 net. 

The fact that this book has passed through eight editions (the first 
edition appeared in 1891) is a good indication of the favor with which it 
has been received. Indeed, the work is a standard in England, Sndjiere 
in America it has met with no small amount of success. Barring the 
translation of the Fresenius by Cohn, we know of no work on quantitative 
analysis in the English language which contains so much useful? reliable 
and varied information. The text of the recent edition has been 
thoroughly revised, the type has been reset, and many improvements 
and additions have been made. The subject matter is arranged in eight 
parts, which are subdivided into eighteen sections: Part 1 is devoted to 
preliminary and general operations, Part II to gravimetric analysis, 
Part III to volumetric analysis, Part IV to complex quantitative estima- 
tions, Part V to the analysis of organic substances and the methods for 
determining molecular weights, Part VI to gas analysis, Part VII con- 
tains the results of a number of typical analyses as well as a fine set of 
reference tables, and Part VIII treats of the preparation of gases, the use 
of compressed gases, the distillation of water, etc. It also embraces a 
list of books for reference. 

Among the additions of new matter we note in particular a section 
on the analysis of oils, fats and waxes, a number of electrolytic methods 
for determining some of the metals, and a description of, and the direc- 
tions for using, the bomb calorimeter for coal valuation. 

The book has a pronounced English flavor. It is written along con- 
servative lines, theoretical matters have been omitted, and only those 
methods have been described which the authors regard as truly useful 
and well established. From the standpoint of the reviewer there are, in 
certain cases, methods of separation and determination which are superior 
to those cited by the authors. As examples he would mention Neher’s 
admirable method for separating arsenic from antimony, Classen's elec- 
trolytic method for separating antimony from tin, and Penfield's device 
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for determining water in rocks and minerals. We notice that in dis- 
cussing the operation of filtration no mention is made of the Neubauer 
crucible. Further, the reviewer does not think that sufficient attention 
has been paid to the determination of silica in the silicates. The names 
of the discoverers of methods are only occasionally given, and no direct 
references to the chemical literature accompany the descriptions of 
processes. It is rather remarkable that in the list of books and journals 
Mohr's classic work on volumetric analysis and Fresenius' Zeitschrift 
find no mention. These, however, are minor shortcomings when we 
consider the excellence of the book as a whole. It is essentially a prac- 
tical treatise on analysis, wide in scope, clear in its descriptions, and 
generally reliable in its* methods. The type and paper are good, and the 
book is well bound. It is also provided with a good index. We welcome 
the appearance of this 8th edition, and take pleasure in warmly recom- 
mending it not only to teachers and students, but to analysts in general. 

LeRoy W. McCay. 

Anleitung flir das organisch preparative Praktikum. Franz W. Henle. Leipzig: 
Akademische Verlagsgesellschaft m. b. H. 1909. Bvo. 176 pp., 43 figs. 

The attempt has been made, and that quite successfully, to present 
each preparation not as an individual synthesis but rather as a type of a 
general class of reactions. This is partially accomplished by the method 
of presenting the experimental directions but even more by the numerous 
citations to the original literature discussing the typical reactions of the 
class of substances under discussion. It is the opinion of the reviewer 
that the author has made plain to the student the need for the use of the 
original literature and thereby there will be much less occasion for the 
almost universal complaint that students engaged in organic prepara- 
tions do not recognize the importance of reading the original literature. 

Coming as it does from Thiele’s laboratory at Strassburg, one expects, 
and finds, it to be thoroughly up to date in the references to the theory 
of the reactions as well as in the inclusion of examples of the Grignard, 
Sabatier and other modern syntheses. 

It is one of the best of the more advanced manuals and like the others 
(Fischer, Gatterman, etc.) it will probably give its best service when 
preceded by a short course in which the simpler preparations of the 
aliphatic series are studied. Ralph H. McKee. 

Kolloidchemische Beihefte. By Dr. Wo. Ostwaed. Volume I, Nos. 1 and 2 
Theodore Steinkopff, Dresden. To subscribers of the Kolloid-Zeitschrift 1 M., 
single volumes 1.20 M. 

The object of this publication is to collect together and to present as 
early as possible the most important general articles on colloids. This 
is to be a supplement to the Kolloid-Zeitschrift. It should enable those 
who wish to follow the general advance of the subject to do so without 
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having to discover or recognize for themselves the most important papery 

fpr, , jth^t purpose. Thp§, the monographs , of Wolfgang , 6stwald" will 
^iffer f^m? tjiose of William Oswald by being confined to a single sub- 
ject and by being published as nearly as possible at the time of the com- 
pletion of the experimental work, W. R. Whitney. 

Metallagraphie: Eia ausfilhrliches Lehf-und Handbuch der Konstitution und der 
physikalischen, chemischen und technischen Eigenschaften der, Metalle und metal- 
lischen Legierungen. Dr, W. Gubrtlbr. Erster Band: Die Constitution. 
Heft. I., Berlin, Gebriider Borntraeger. 1909. 80 pp. Price, M. 4.20. 

Dr. Guertler has planned a comprehensive treatise on metallography. 
In this volume, which deals almost exclusively with the theoretical side 
of the subject, he discusses the constitution of binary alloys. After 
reviewing the early development of the science, equilibrium diagrams of 
binary mixtures are discussed from the point of view of the phase rule, 
solid solutions and compounds are studied, and the cooling curves of the 
alloys manganese-iron, iron-cobalt, and nickel-cobalt are considered in 
detail. * 

It is difficult to discuss in detail so small a part of an extensive treatise, 
but Dr. Guertler is especially well fitted to undertake a comprehensive 
work such as he has planned, and so far he has succeeded admirably. 
The book will be difficult for all except those who have had considerable 
training in physical chemistry. The discussion of some of the diagrams 
seems unnecessarily complicated, and it is believed that the practical 
methods of metallography should have been discussed as early as possible 
so as to make clear the manner of establishing a complete diagram. The 
book is excellently printed and is well provided with marginal references 
to the text. Henry Fay. 

Jhe Elements of Metallography. By Rudolf Rubr. Translated by C. H. Mathew- 
son. First edition. New York: John Wiley & Sons. 8vo. xiv + 342 pp., 
ill. Cloth, $3. 

The book is divided into two parts, Theory and Practice. In Part % 
there are four chapters dealing with: One-component system } trans- 
forma tipris and heterogeneous equilibria. Two-component systems^, the 
different cases of various solubility in the liquid and solid states, without 
and with polymorphous transformations* or the formation of chemical 
compounds. The different cases are illustrated by typical alloys mostly 
from work: done at Goettingen. Supplementary sections ate given on 
methods of determination of equilibrium curves and methods of in- 
vestigation of solidified mixtures. Three-component systems , insoluble 
in' sblid State; completely soluble in solid State; phase Yule. ’ •* 

Part 2 deals with methods of thermal investigation, heating apparatus, 
cbblitlgdnd Heating cutVes and the like ; investigation of structure, tfiicro- 
scopic examination. At the end of the book there is i colfection df 
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references to binary fusion diagrams and an index of authors* names 
besides the usual index. 

To those who are interested in metals and alloys, arid their name is 
legion, this work will be very welcome. It is well written and the reader 
is led by easy steps through the various groups of alloys, each illustrated 
by diagrams, without being lost in some of the more intricate problems 
of physical chemistry on the way. Criticisms of the book are few. Of 
the few photomicrographs given some are excellent while others are 
indistinct. The collection of references at the end of the book is ap- 
parently incomplete, while the addition of sections on brasses and 
bronzes parallel to that on iron and carbon would have been of value to 
many general readers. 

For such a book there is a great need and this one will undoubtedly 
be a welcome addition both for class work and the general reader. 

William Campbell. 
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The year 1909 has been marked by unusual activity in the determina- 
tion of atomic weights, and much of the work done was of remarkably 
high quality. It is also noteworthy because of the publication, in Ger- 
man, of the collected papers by Richards and his colleagues in Plarvard 
University. 1 The actual work of the year, including some data from 1908, 
may be summarized as follows: 

Chlorine and Nitrogen . — The work of Guye and Fluss J on nitrosyl 
chloride, NOC 1 , appeared in December, 1908, too late for recognition in 
the report for last year. The weighed gas was passed, first over silver, 
which absorbed the chlorine; then over heated copper, which fixed the 
oxygen; and finally over calcium, which combined with the nitrogen. 
A complete analysis of nitrosyl chloride was thus effected, giving direct 
comparisons of nitrogen and chlorine with oxygen, independent of every 
other atomic weight. The following data were obtained, the actual 
weights being given in the first four columns: 


NOCL 

N. 

O. 

Cl. 

At. wt. N. 

At. wt Cl. 

0.5341 

O. II42 

O.I305 

0.2893 

14.000 

35-470 

O.4284 

O.0916 

O . IO46 

O.2319 

14.012 

35 - 47 * 

0.7995 

O. 1710 

O 1954 

0.4331 

14.002 

35 464 

0.5639 

0.1204 

0.1375 

O . 3048 

14.010 

35-468 

0.5121 

O.IO95 

O.I251 

O.2773 

14-005 

35-466 




Mean, 

14.008 

35-468 


1 Experimentelle Untersuchtingen iiber Atomgewichte, von Theodore William 
Richards und seinen Mitarbeiteru. Hamburg und Leipzig, 1909. 

V* chim. phys., 6, 733. The table given here is abbreviated from the tables as 
published by Guye and Flues. H 
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Scheuer 1 deduces the atomic weight of chlorine from the density of 
gaseous hydrochloric acid. Twenty-eight determinations are given, 
representing weighings in six different globes. The mean of all, for the 
weight of a normal liter of hydrochloric acid, is 1.63941 grams. From 
this figure Scheuer computes, by different methods, values for Cl between 
35.442 and 35.454. He concludes that the atomic weight is very near 
35 - 45 - 

The density, composition by volume, and compressibility of hydro- 
chloric acid have also been determined, with great care, by Gray and 
Burt. 2 Three series of density determinations are given, with gas from 
different sources. The following figures give the weight of one liter of 
hydrochloric acid, at o°, 760 mm., and at London: 


I. 

II. 

III. 

*•64053 

1.64022 

I .63950 

I .64004 

1.63999 

1.64013 

I .64020 

1.63976 

1.63984 

I . 63986 

1 .64083 

I .64069 


I . 64030 

1.64031 


I .64021 

I .64017 


1.64027 

1 .64050 



I .64051 



I . 63992 



I .64001 


Series I and it are subject to a small correction for gas adsorbed by 
the walls of the glass bulbs in which the weighings were made. Series 
III represents weighings in “quartz” glass, and do not need the cor- 
rection. The final mean, reduced to Lat. 45 °, gives for the weight of the 
normal liter, 1.63915 grams. 

In order to determine the volumetric composition of hydrochloric acid, 
measured volumes of it were decomposed by heated aluminum, and 
the volume of hydrogen liberated was also measured. From two volumes 
of hydrochloric acid the following volumes of hydrogen were obtained. 

1.00797 1.00781 

1.00795 1.00779 

1.00790 1.00787 

1.00790 1.00798 

Mean, 1.00790. Combining this figure with that given for the density » 
and with Morley’s value for the atomic weight of hydrogen, 1.00762, 
Cl * 35-459- The compressibility measurements, which are too complex 

1 Compt. refid., 149, 599. Scheuer’s complete memoir (Z. physik, Chem 68, 575) 
was received too late for consideration here. Scheuer discusses his own data very fully, 
and finally combines them with the figures given by Gray and Burt. His final conclu- 
sion i$ that Cl 35.466* 

* /• Ckim, $oc>> 95, 1633. 
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for reproduction here, gave with the density determinations, by the 
method of limiting densities, the value Cl = 35461. The mean value, 
35.460, is adopted by the authors. 

Nitrogen and Silver . — A new series of analyses of ammonium chloride 
is due to Richards, Koethner and Tiede. 1 The results, with all corrections 
applied, are as follows: 


Weight NH4CI. 

Weight AgCl. 

At. wt. N. 

2.02087 

341469 

I4.OO9 

2 . 23894 

599903 

I4.OO8 

1.55284 

4.16076 

14.008 

l. 3<>579 

3-6595? 

I4.OO7 

1.61939 

4 - 339 H 

14.007 

1-93795 

519219 

14.012 

2.89057 

7.74498 

I4.OO9 

1. 3 H 05 

3.52082 

I4.OO9 

1 .82091 

4.87921 

14.006 



Mean, 14.0085 

Calculated with H * 1.0076, Cl = 354574, and Ag — 107.881. These 
values for Cl, Ag and N are obtained by combining the data given above 

with the ratios Ag : N 0 3 and Ag : Cl as 

formerly determined in the 

Harvard Laboratory. 



Iodine and Silver . — Baxter and Tilley 2 have determined the ratio between 

iodine pentoxide and silver. 

The pentoxide was first reduced, in solution, 

by hydrazine hydroxide, and the iodine 

was afterwards precipitated 

and weighed as silver iodide. 

Two series of determinations were made, 

one by Tilley, the other by 

Baxter. The 

results, with all corrections 

applied, were as follows: 

.Series I. 


Weight 1 , 0 *. 

Silver used. 

Ratio. 

6 06570?* 

9 48035 J 

392027 ? 

6.12611 J 

jo. 646234 

7.73052 

4-99564 

O.646223 

12.63909 

8.16777 

O.646231 

949913 

6.13841 

0.646208 

8.34369 

539202 

O.646239 

8.83155 

5-70715 

O.646223 

6.77487 

4-37803 

O.646216 



Mean, 0.646225 


1 This Journal, 31, 6. The actual analyses were all made by Tiede. Richards 
is only responsible for the methods employed in the work. < 

* This Journal, 31, 201. 

* The first two solutions were inadvertently mixed, and hence are combined here. 
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Series II. 


Weight I a 0 6 . 

Silver used. 

Ratio. 

X2.09036 

7*8x320 

0.646234 

6.29744 

4.06957 

0.646226 

IO . 89880 

7.04309 

0.646226 

$>•33895 

6.03505 

0.646222 

10.15370 

6.56160 

0.646236 

11.00453 

7.11141 

0.646226 

7.01649 

4*53431 

O . 646236 

9*33573 

6.03304 

0.646231 

8.72163 

5 63619 

0.646231 

9*01524 

582591 

0.646229 



Mean, 0 . 646230 

Combining these figures with the former 

determinations by Baxter 

of the silver-iodine ratio, 

the authors find, 

with reference to 0 = 16, 

Ag — 107.850 and I = 126.891. 

$ 

#■ 

Carbon. — Scott 1 has sought to determine the atomic Weight of carbon 

by means of analyses of tetraethylammoniuin bromide, C 8 H ?0 NBr. This 

salt was titrated against 

silver solutions, and the ratio so determined 

gave the subjoined molecular weights, when Ag « 107.93. 

Weight bromide. 

Weight Ag. 

Mol. wt bromide. 

5*07039 

2.60146 

210.360 

5.26380 

2.70x42 

210.305 

7 , 10662 

364683 

210.325 

6.79951 

3.48976 

210.293 

2.72225 

1-39695 

210.330 

6.24530 

3-20481 

2x0.326 

5 - 7458 I 

2-94853 

210.323 

5.21663 

2 .67699 

210. 321 


From these figures, when NH 4 Br * 97.995 and H = 1,0075, C — 
12.026, a very high value. One experiment was also made with the 
corresponding methyl compound, of which 8.64585 grams balanced 
6.05348 grams of silver. Hence, C = 12.024. With Ag « 107.88 the 
values become C = 12.019 and 12.017. All weights were reduced to a 
vacuum. 

In a criticism of Scott's work, Thorpe 2 has pointed out the possibility of 
errors due to the vacuum reductions, errors discussed long ago by Marignac, 
and recently, in more detail, by Guye and Zachariades. 3 The substances 
analyzed were weighed in powder, under which conditions they are liable 
to condense and occlude air. A probable correction, applied to Scott's 
weighings, reduced the atomic weight of carbon to 12.008, in harmony 

1 J. Chem> Soc., 9$* 1200. 

* Proc. Ckern „ S«c„ 25, 285. 

. 1 §imp£ rmd„ 149, 593 and 1122. 
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,with other good determinations. To this criticism Scott 1 published 
a rejoinder, seeking to show, on the basis of experimental evidence, that 
the supposed errors do not, in fact, exist. According to Guye and Zach- 
ariades, the errors noted by them in the study of 26 compounds may 
amount to as much as, or even more than, 3 parts in 10,000. 

The atomic weight of carbon has also been deduced by Baum€ and 
Perrot 2 from density determinations of methane and ethane. For meth- 
ane, the following weights of the normal liter are given: 


0.71688 

0.71633 

0.71655 

0.71670 

0.71631 

0.71676 

0.71667 

0.71723 

0.71749 



From the mean, 0.7168 gram, by different methods of reduction, the 
authors find values for C ranging from 12.003 to 12.005. 

For the normal liter of ethane the following weights were found: 


I. 

II. 

1.35671 

1.35600 

I 35679 

1.35610 

* 35671 

1-35653 

1.35652 

1-35640 

1.35700 

1.35590 

1.35640 

1.35640 


The mean of the second series, 1.3562 grams, is preferred by the authors. 
Reduced by Leduc's method of molecular volumes it gives C — 11.996. 
By Berthelot’s method of limiting densities, C ~ 12.004. By reduction 
with the critical constants C = 12.036. The results from ethane are 
evidently not conclusive. From the vapor density of toluene, as measured 
by Ramsay and Steele, Leduc 8 deduces C « 12.003. 

Scott, 4 in a preliminary note, gives, without details, the results of 
cpmbustions of naphthalene and cinnamic acid. In six analyses, 17.6175 
grams of naphthalene gave 60.5355 of CO.,. Hence, C = 11.999. In 
two analyses, 8.6153 grams of cinnamic acid gave 23.0413 of C 0 3 . Hence, 
12.0015. The cause of the discrepancy between these figures and those 
from the alkylammonium bromides remains to be discovered. 

f Phosphorus . — Ter Gazarian 5 gives the following figures for the weight 
of a normal liter of phosphine, PH 8 . 

* 4 Proc, , Chem. Soc„ ag, 286. 

4 * J, ckim. phys. t % 369; also Compt. rend., 148, 39. 

* Compt rend., 148, 832. For other papers by Leduc on atomic weights and 
gaseous densities see Compt. rend., 148, 42 and 548 . 

4 Proc * Chem. Sec., ag, 310. 

, * Compt rend,, 1481 !* 3971 /• ckdm, phys % 337- 
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I-S2955 ^ 

I.52907 

I52933 
1 52944 
1-52907 

1 52933 

From the mean, 1.5293 grams, he deduces the atomic weight P *» 
30 . 906 , when H = 1 . 008 . The value found is very low. 

Vanadium . — Prandtl and Bleyer 1 have redetermined the atomic weight 
of vanadium by analyses of carefully purified vanadyl trichloride, VOCl a . 
The substance, after weighing, was decomposed by water, in presence of 
a little zinc. The latter reduced the vanadium to its lower form of oxida- 
tion, and also prevented the escape of chlorine, either as free element, 
or as oxides. In the filtrate from the solution the chlorine was determined 
as silver chloride. Two series are given, with vacuum weights, as follows: 


Weight VOCI,. 

I. 

Weight AgCl, 

Ratio. 

5 472 i 8 

13-54724 

40,-393 

5-85234 

14 50771 

40.346 

3-23175 

8.00636 

40-365 

5-24732 

13.01359 

40 322 

3 • 56589 

8.83375 

40.367 

Hence, rejecting the first analysis, V = 51 . 133 . 

II. 

Weight VOCI,. Weight AgCl. 

Ratio. 

4 . 9 H 32 

12 . I8494 

40.331 

3.64470 

9 .04685 

40.287 

4 . 96088 

12.30438 

40.318 

6.46766 

16.04292 

40.315 

4.33158 

10.74624 

40.308 

4.05060 

10.04498 

40.325 


Hence, V -■== 50.963. Mean of both series, $(*.048, when Ag * 107.88 
and Cl « 35.46. 

Arsenic . — Baxter and Coffin, 2 by analyses of silver arsenate, have 
redetermined the atomic weight of arsenic. Two essentially distinct 
methods were employed. First, the arsenate was heated in gaseous 
hydrochloric acid, and so converted into silver chloride. Secondly, 
the arsenate was dissolved in nitric acid, and the silver was then pre- 
cipitated, with the usual precautions, either as chloride or as bromide. 
Six series of Results are given, which, with all corrections applied, ate as 
follows: 

1 Z, 01109$. Chem., 65, 152. ^ ‘ / ^ 

* This Journal, 297. 
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Weight arsenate 

I -—First Method 

Weight AgCl 

Ratio 

3 17276 

2 94922 

O 929544 

2 65042 

2 46367 

O 929539 

3 51128 

3 26396 

O 929564 

5 83614 

5 42503 

0 929558 

5 72252 

5 31947 

0 929568 

4 59 H 9 

II — Second Method 

4 26796 

0 929537 

3 38270 

3 14436 

0 92954 * 


Mean, Series I and 11 , 

0 9^9550 

Weight arsenate 

III -Second Method 

Weight Agbr 

Ratio 

8 75751 

10 6655 J 

1 21787 

6 76988 

8 24545 

I 21796 

5 19424 

6 32590 

1 21787 

5 33914 

6 50258 

1 21791 

8 24054 

10 03552 

1 21782 

7 57962 

9 23147 

1 21793 

6 05230 

7 37io6 

1 21789 

Weight arsenate 

IV -First Method 

Weight AgCl 

Ratio 

4 67268 

4 34389 

O 929636 

7 71882 

7 17597 

O 929672 

5 28049 

4 90908 

O 929664 

4 25346 

3 95424 

O 929652 

3 47340 

3 22893 

O 929616 

5 17269 

4 80879 

O 929650 

4 10766 

3 81858 

O 929624 

5 47133 

V — Second Method. 

5 08643 

O 929652 


Mean, Senes IV and V, 

O 929646 

Weight a r senate. 

VI. — Second Method 

Weight AgBr 

Ratio 

4.96261 

6 04440 

I 217988 

5 31743 

6 47658 

I 217991 

4.46882 

5 44300 

I 217995 

4 Z6702 

5 07539 

I 217990 


Series I, II and III are in close agreement, and Series IV, Vfand VI agree 
also; but the two groups differ, because of differences in the samples 
of arsenate employed. The first group is preferred, and gives, in mean, 
When Ag = 107.88, As = 74 - 957 - 

■Chromium . — Two memoirs upon the atomic weight of chromium 
have been issued from the Harvard Laboratory. Baxter, Mueller and 
Hines 1 analyzed pure silver chromate, by dissolving the salt in dilute 
> This Journal, 31, 529. ** 
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nitric add, and after redudng the chromium to the chromic state, either 

by sulphur dioxide or 

by hydrazine sulphate, precipitating the silver 

as chloride or bromide. 

Two series of results are given, as follows; with 

all corrections applied. 

I, — Chloride Series. 


Weight chromate. 

Weight AgCl. 

Ratio. 

10.30985 

8.90908 

0.864132 

8 . 26920 

7.14492 

0.864040 

6.56679 

5.67444 

0.864m 


Mean, 

0.864094 


II.-— Bromide Series. 


Weight chromate. 

weight AgBr. 

Ratio. 

2.63788 

2.98621 

I . 13205 

2.82753 

3.20084 

I . 13203 

2.33454 

2.64268 

1.13199 

I . 77910 

2 .01402 

I. 13204 

2.33198 

2.63994 

I . 13206 # 

3 . 10402 

3.5*390 

I . X3205 

2.92751 

3-3*427 

1.X32XZ 

4.21999 

4.77762 

1. 13214 

524815 

5.94*04 

x . 13203 

6.24014 

7.06484 

1.13216 

7 . 923-3 

8.96982 

x. 13211 


Mean, 

x . 13207 

Using the silver-chlorine ratio of Richards and Wells, and the silver- 


bromine ratio of Baxter, these determinations give 65.0333 as the per- 
centage of silver in Ag,Cr0 4 . Hence, if Ag =* 107.88, Cr = 52.008. 

The second memoir, by Baxter and Jesse, 1 relates to analyses of silver 
dichromate, by essentially the same methods as those used In the previous 


investigation. The corrected results are subjoined. 

Weight dichromate. Weight AgBr. 

A 

Ratio. 

5 - 7*554 

4.97149 

0.869820 

4.87301 

4.23888 

O.869869 

7-45476 

6.48425 

0.8698x3 

4.75269 

4-13420 

O.869 865 

8.15615 

7-09495 

0.869890 

6,15412 

3.35309 

O.869839 

6.83662 

‘ 5.94678 

O.869842 

539883 

4.69631 

O.869876 


In a single experiment, 6.26657 grams of the dichromate gave 4.16096 
of silver chloride. 'From all of the data, the percentage of silver #n 
Ag,Cr, 0 ? is 49.9692. Hence, with Ag - 107.88, Cr - 52.0*3, Tbe 
rounded -off value 52.01 is adopted. , ^ 

Tellurium . — A new method for detaining the atomic weight nf trlliiilifrii 
! Itag jousauK, ix, 1 541. 
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has been adopted by Lenher. 1 The double bromide, K^TeBrg, was converted 
into KC 1 by first heating in chlorine, and afterwards in gaseous hydro- 
chloric acid. The determinations were made with tellurium from three 
widely different sources, and calculated with Cl * 3546, Br = 79.92, 
and K » 39.095. All weights were reduced to a vacuum. The results 
obtained, in three series, were as follows: 

I. 


Weight K c TeBr t ,. 

Weight KC 1 

At. wt. Te. 

2.33360 

0.50779 

127-54 

I.27372 

0.27716 

127.54 

1 *47573 

0.32m 

127.56 

1-65715 

O . 36059 

127.55 

1 . 54006 

0 ‘ 335 I 3 

1275 


II. 


1 82810 

0.39778 

127,56 

1 87342 

0.40765 

127.55 

1 .48045 

0.32214 

127.55 

2.24775 

0.4891 I 

127 54 


III. 


Weight K..TeBr 0 . 

Weight KC 1 . 

At wt. Te. 

2 37899 

0.51767 

127-54 

I 79926 

O.39146 

127.64 

O 94102 

0.20476 

127 56 

1*55357 

O • 33806 

127 54 

1 95038 

O.42440 

127.54 

1 73248 

O.37698 

127.5 

1 81923 

0.39586 

127.55 


Mean of all as one series, Te = 127.55. 

Lenher’s researches, like those of several previous investigators, have 
had in view the determination of the homogeneity of tellurium, a con- 
clusion which seemed to be finally established. Browning and Flint, 3 
however, by a special process of fractionation, believe that they have 
strong evidence in favor of the view that tellurium is complex. When 
tellurium tetrachloride is decomposed by water, part of the tellurium is 
precipitated as Te0 2 and part remains in solution, to be recovered by 
subsequent treatment with ammonia and acetic acid. These two portions, 
converted into basic nitrate of tellurium, gave different values for the 
atomic weight of the element. From the first precipitate, Te *= 126.49 
in mean, and from the second Te * 128.85. The investigation is to be 
continued. 

Mercury . — Preliminary determinations of the atomic weight of mercury 
have been published by Easley. 3 First, mercuric chloride was reduced 

1 This Journal, 31, 20; see also discussion by Hinrichs, Compt. rend., 148, 484. 

2 Am. J. Set., [4] 2$, 347. 

Journal, $t, 1207. 
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by a well-known reaction with hydrogen peroxide. The mercury was 
collected mainly in a globule, but a small part of it which remained dis- 
seminated, was redissolved and determined electrolytieally. With 
vacuum reduction the results obtained were as follows : 


Weight HgCl*. 

Weight Hg. 

At wt Hg 

23 43239 

17.30826 

200.44 

12-59751 

9 . 30608 

200.52 

IO . 94042 

8.08134 

200.46 

.11 73734 

8 . 67044 

200.50 



Mean, 200 48 

Secondly, mercury was removed from the chloride as in the preceding 
experiments, and the chlorine in the filtrate was precipitated and weighed 
as silver chloride, with all the known precautions. The corrected data 

are as follows: 



Weight HgClg 

Weight AgCl 

At wt. Hg. 

10.50276 

11 08744 

200 . 64 t 

9.03634 

9-54027 

200.62 * 

23 43239 

24.73606 

200 65 

10 . 94042 

11 55158 

200 p 9 

! 11 i 1409 

11 73470 

200 60 

16.63910 

17.56808 

200 60 



Mean, 200.62 

Calculated with A g 

= 107.88 and Cl 

= 35.46. Easley regards the 

second series as the more trustworthy. The investigation is to be con- 

tinued by other methods. 


Rhodium . — Two inaugural dissertations 

011 the atomic weight of rho- 

dium have appeared 

from Gutbier’s laboratory at Erlangen. Renz 

reduced the rhodium 

pentamine bromide, Rh(NH*) s Br„ in hydrogen, 

and cooled the remaining metal in an atmosphere of carbon dioxide. 

With H = 1.008, N = 

= 14.01, and Br * 

79.92 and vacuum weights, 

the subjoined results were obtained. 


Weight bromide. 

Weight Rh. 

At wt Rh. 

0.87624 

0.21057 

102 . 784 

1 .5650° 

0.37638 

102 . 980 

2 .04033 

0.49069 

102 . 888 

2 .00120 

0.4813s 

102 . 908 

1.89278 

0.45325 

102 .901 

2 . 302 IO 

0.55416 

103. 014 

1.02065 

0 24555 

102.937 

I 31485 

0.31622 

102.890 

I ,8606o 

0.44766 

102.947 

1.51040 

0.36339 

102 . 942 



Mean, 102. 919 


H. Dittmar’s dissertation deals with the corresponding chloride, 
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Rh(NH 8 ) 8 Cl s , by essentially the same method as that of Renz. With 
vacuum weights and Cl * 35 . 46 , the following results are given :* 


Weight chloride 

Weight Rh. 

At. wt Rh 

2 .01526 

0.70465 

102.987 

1 83589 

0.64173 

102.937 

1 . 57210 

0.54934 

102 884 

2.17528 

0 . 76046 

102 955 

2 0391 1 

0 71271 

IO2.925 

2 20000 

0 76890 

102 916 

I 02840 

0 3594 1 

102 .908 

Palladium. — Gutbier, Haas 

and Gebhardt 2 

Mean, 102.930 

have redetermined the 

atomic weight of palladium 

by analyses of 

palladosamine bromide, 

PdN 2 H 6 Br 2 . Two series of reductions in hydrogen are given, with vacuum 

weights, and H = 1 . 008 , N — 

14 . 01 , and Br = 

79.92 for the antecedent 

value. 

Weight bromide 

I 

Weight Pd 

At. wt. Pd. 

0 54402 

O 19286 

106 495 f 

O 80237 

0 28468 

106 630 

2 .06470 

0.73274 

106 673 

2 64770 

O 93978 

106 697 

1 73455 

O 61563 

106 688 

0 91601 

O 3 2 509 

106.676 

1 .29106 

0 45821 

106 682 

2 26758 

0 80490 

106 705 

1 77729 

O 63082 

106 693 

T 90770 

O 67704 

106 677 

3.09278 

• ° 97 8 3 

106 708 

I 98039 

O 70288 

106 692 

Weight bromide 

II. 

Weight Pd. 

At. wt. Pd. 

O 42942 

O 15228 

106 . 546 

O 76884 

0 27271 

106.586 

3.32461 

1 17987 

106 673 

O 62795 

O 22270 

IO6.559 

2 .68383 

O 95245 

106.670 

I 4OII7 

0.49731 

106.689 

2 .61673 

0.92877 

106.694 

2 64229 

093787 

106 . 699 

2.54424 

O.90293 

106.674 

2 .OO456 

O 7H43 

106.680 

z. 50032 

0.53253 

106.698 

2.845OO 

I .00992 

IO6.715 


1 Ditt mar’s work has also appeared in Sitzungsb, phys . Med. Soz. Erlangen , 40, 184. 
a /. prakt. Chem., [2] 79, 457. This includes the thesis work of Haas cited in 
my 1908 report. Gutbier lias also published the thesis work of Krell and Woemle, J. 
prakt. Chm. t 79, 235. The data are already given in previous reports of this committee. 
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The authors reject some of the determinations, and conclude that 
Pd * 106.689 is the most probable value. 

Iridium, — In a preliminary notice presented to the British Association 
for the Advancement of Science, Archibald 1 states that analyses of potas- 
sium chloroiridate give the atomic weight Ir = 192.90. The investiga- 
tion is not completed, and no details are published. 

Platinum . — A very elaborate memoir on the atomic weight of platinum 
is also due to Archibald. 2 The chloroplalinates and bromoplatinates of 
potassium and ammonium were analyzed, with all known precautions, 
and many ratios were so determined. The platinum itself was weighed, 
and also the silver and silver halide corresponding to the halogens in the 
several salts. In the analyses of the potassium compound the chlorine 
or bromine determinations were made in two portions, giving the halogen 
corresponding to the platinum, that is, the part lost on ignition in hydrogen, 
or four atoms, and that belonging to the potassium, two atoms. 

The actual data relative to the weighings, and the individual deter- 
minations of atomic weight, are unfortunately too voluminous ter be 
reproduced here. The mean results given by the various ratios are as 


follows : , * 

% 

From K 2 PtCl<, (14 Analyses). 

Ratio K 2 Cl fl : Pt Pt «* 195.23 

“ 4AgCl : Pt 195 21 

“ 2AgCl ; Pt 195 24 

“ 4-^gCl : K 2 PtCl 6 195 20 

« 2AgCl : K a PtCl* 195 24 

“ 4Ag : Pt 195 22 

“ 2 Ag : Pt 195 23 

" 4Ag : K 2 PtCl e 19519 

u 2 Ag : KaPtC^ 195 -22 

From (NH 4 ) 2 PtCl„ (5 Analyses). 

Ratio (NH 4 ) 2 PtCl 6 : Pt Pt - 195.21 

* 6AgCl : Pt 195.22 

* 6AgCl : (NH 4 ) 2 PtCl 6 19523 

* 6Ag : Pt 195.22 

« 6Ag : (NH 4 ) 2 PtCl 6 195.24 

From (NH 4 ) 2 PtBr G (3 Analyses). 

Ratio (NH 4 ) a PtBr G : Pi Pt - 195.25 

“ 6AgBr : Pt 195.22 

“ 6AgBr : (NH 4 ) 2 PtBr 6 195.23 

* ^Ag : Pt 195.21 

* 6Ag : (NH 4 ) a PtBr* 195,22 


' From K 2 PtBr 6 (6 Analyses). 

Ratio K a Br e : Pt Pt - 195.21 

* 4AgBr : Pt. 195.25 

1 Chem. News , 100, 150. 

• Pm> See. Edinburgh, 39, 721, 
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Ratio 2AgBr : Pt Pt * 195. 22 

“ 4AgBr : KaPtBr 6 19521 

“ 2AgBr : K 2 PtBr 6 195 22 

“ 4Ag : Pt 195.22 

“ 2Ag : Pt 195 23 

“ 4Ag : K^PtBr* 195 20 

“ 2Ag : K,PtBr # 195.20 


The arithmetical mean of these 28 ratios gives Pt = 195.22. Archi- 
bald, however, prefers to reject those which involve the weights of the 
original salts, using only 12 ratios. Mean, Pt * 195.23. This work 
evidently supplants all previous work on the atomic weight of platinum. 

Radium . — From relationships between the wave-lengths of the spectral 
lines Watts 1 finds Ra « 226.56. Other atomic weights computed with 
that of radium are Mg, 24.32; Ca, 40.08; Sr, 87.62; and Ba, 137.41. 

For the gaseous emanation of radium, by studying its physical prop- 
erties, Gray and Ramsay 2 find a probable atomic|weight of Em = 176. 
This conclusion, however, is not a finality. 

Miscellaneous Notes . — Guye and Tsakalotos 8 have studied the de- 
termination of water of crystallization as a means of determining atomic 
weights. The substance investigated was barium chloride, but the 
results obtained, regarded as atomic weight determinations, were not 
satisfactory. Guye 4 has also discussed the variations from the law of 
Avogadro, and in another paper, 5 the general subject of atomic weight 
determinations by physical methods. A revision of the atomic weights 
of the rare earth metals is due to Urbain. 6 In a series of papers, not 
yet completed, Dubreuil 7 has undertaken to recalculate, by a peculiar 
mathematical method, the atomic weight determinations of Stas. 

Mathematical relations between the atomic weights have been studied 
by Bernoulli, 8 Delaunay and Gamier,® Egerton, 10 Eoring, 11 and Moir. 12 
Hinrichs has also published a summary of his views regarding atomic 
weights, 18 and also several papers upon his method of calculation. 14 

1 Phil . Mag., [6] 18, 41 1. 

• /. Chem. Soc., 95, 1073. 

•/. chim. phys ., 7, 215. 

4 Ibid,, 6, 769. 

I Arch set . phys. nat ., [4] 22, 557. 

• Bull . soc . chim., [4] 5, 133. 

1 Ibid., [4] 5, 260, 313, 34i* 348, 610, 660, 708, 715, 852, 860, 1049, 1053, 1055. 

8 Z. physik , Chem., 65, 391. 

• Chem. Zenit., [1] 615 (1909). 

10 J. Chem. Soc., 95, 238. 

II Chem. News, 99, 148; too, 281. 

lt J. Chem. Soc., 95, 1752. 

u Electrochem. Met. Ind., 7, 3x7. 

u Monitor Set., [4] > 3 . ? 3 »- Compt. rtnd., 148, 1760; 149, *074. ^ 
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[Contribution prom the Chemical Laboratory op Harvard College.] 

THE HEATS OF COMBUSTION OF THE OCTANES AND XYLENES. 

By Theodore William Richards and Richard Henry Jesse, Jr 
Received January 10, 1910. 

Julius Thomsen sought, long ago, to obtain clues concerning the con- 
stitution of organic substances from the comparison of their heats of 
combustion. This endeavor, although it failed of a wholly satisfactory 
outcome, nevertheless showed certain relationships between the several 
members of homologous series and unmistakable differences due to varia 
tions in structure. Knough regularity is manifested in these results to 
show that the idea is worthy of further study. 

The first step is obviously to seek among the older results for possible 
causes of the incompleteness in the relationships. This may be due 
either to the inadequacy of the theory or to the imperfection of the ex- 
periments. Turning to the first, one must admit at once that the heat 
of formation does not exactly represent the free energy of the Aaqge 
involved in the building up of the substance from other constituent ele- 
ments; and therefore that it cannot represent the work which may actually 
be done by the chemical affinity. Yet nevertheless because iri* most 
cases where aqueous solutions are not concerned, free energy change 
is not very far from total energy change, a close relationship would be 
expected; moreover not only the free energy but also the bound energy 
must be supposed to have some relation to chemical structure. Hence 
if each of its constituents has a precisely regulated magnitude, the total 
energy change itself should be significant, although its significance might 
not be so easy to interpret as if it were simpler in its nature. 

On the other hand, the experimental part of Thomsen’s investiga- 
tions was, as is well known, not wholly satisfactory and was undoubtedly 
inadequate in many cases. His universal burner gave too high results 
with all liquids having boiling points much above room temperatures, 
and the higher the boiling point the greater was the error. On the other 
hand, the results of Berthelot and Stohmann were probably too low in 
the cases of the moie volatile liquids, because in these cases some of the 
liquids undoubtedly failed to burn. Hence, without further light upon 
the subject, one would be inclined to give more weight to Thomsen’s 
figures with the lower-boiling substances and to shift the weight grad* 
ually over to Berthelot’s and Stohmann’s, as the boiling point rises. 
Compromises of this sort, however, cannot but be unsatisfactory; and 
the facts point dearly toward the need of further experimental work 
free from the inaccuracies of that now available. The precision needed 
is indeed of a high order, for differences of structure often cause but slight 
variations in the total magnitude of the heat of combustion of the sub* 
stances; and upon these alight variations the inference wholly depends* 
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For example, it will be seen later that the greatest deviation between 
the heats of combustion of various octanes is no greater than one- third 
of one per cent, and if the magnitude of the variation is to be certain 
within one-tenth of its value, the several observations must be deter- 
mined to within less than two one-hundredths of one per cent., a degree 
of precision which has never been approached in thermochemical work 
of this kind. 

It was with the hope of obtaining more precise knowledge of these 
important quantities that E. Fischer and Wrede, 1 in Berlin, and Richards, 
Henderson and Frevert, in Cambridge, began the revision of thermo- 
chemical data, using quite different methods, which seem to give about 
equally reliable results. The German experimenters used the electri- 
cal resistance thermometer and comparatively small temperature changes, 
applying the usual correction for cooling. On the other hand, the Amer- 
ican experimenters contented themselves with good mercury thermom- 
eters and arranged the conditions so that these thermometers could be 
read with precision and could yield sufficiently accurate results, elimina- 
ting the cooling correction by causing the environment of the calorimeter 
to change in temperature at the same rate as the inner vessel itself. Both 
groups of experimenters have attempted only to determine a compara- 
tively small number of a few typical substances. The work of revising 
the data is therefore only at its very beginning. 

The present research consists of a continuation of the earlier Cam- 
bridge work. The method used in that work was chosen for the con- 
tinuation because it is much more speedy in execution than that used 
in Germany. The electrical thermometer, admirable as it is in many 
respects, is an exceedingly complicated instrument, and the calculation 
of a single temperature from the observed data requires much patience. 
The complete calculation of a single calorimetric determination by this 
method requires several hours. This is in addition to the laborious prepa- 
ration, and adjustment of the sensitive electrical instrument. On the 
other hand, the adiabatic Harvard method is simple in the extreme. 
The temperature change is read off from the thermometers at once and 
the only corrections which have to be applied are those easily calculated 
figures which give the error of the mercury thermometer at each reading. 
The correction for cooling is non-existent. Hence it is easily possible 
for a single experimenter by the Harvard method to conduct and calcu- 
late* three determinations in a single day, whereas it would hardly be 
possible for him to do more than one a day by the more elaborate method. 
If this more elaborate method yielded more accurate results, the differ- 
ence in time ought not seriously to influence the experimenter, but be- 

1 Fischer and Wrede, Kgl. Preuse, Acad. Sitzber,, 19, ao, ai, 687 (1904). An im- 
pm*kt eonecticn of the detail is to he found in Z. pkysik. Cfom,, 53, ids ;(r 903). 

M - ) 11 
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cause apparently the range of error is about the same in both cases, the 
advantage of the quicker method is very obvious. 

The object of the research and the method of attack having thus 
been clearly outlined, it becomes necessary to justify the selection of 
the individual substances to be chosen for experimentation. Obviously 
the compounds should be complex enough to allow of considerable differ- 
ences in structure and yet, on the other hand, not so complex as to com- 
plicate too greatly the interpretation of the results. The theoretical 
problem is greatly simplified by avoiding the presence of more than two 
elements Moreover the compounds should be capable of being pre- 
pared in a state of very great purity, free from other substances which 
could seriously influence their heats of combustion. Among the incal- 
culable number of organic compounds, these deciding criteria narrow 
greatly the range of choice; and from the theoretical point of view there 
seemed to be no question that the simpler hydrocarbons are the # com- 
pounds most suitable to serve as a starting point Among these the 
octanes seemed to be, on the whole, the best, because their molecular 
complexity is enough to allow of great variety of arrangement, but not 
so great as to confuse the relationships. The difficulty of obtaining 
them in a pure state seemed in the first place to be a serious barrier, but 
Dr. Latham Clarke, during the summer of 1906, kindly undertook the 
working out of methods for this purpose. He became greatly interested 
in the problem from the point of view of organic synthesis and was 
able, in the course of several years, to prepare larger quantities than 
had ever been made before of these hydrocarbons and of great purity. 
Most of those which he prepared had indeed never been isolated by pre- 
vious experimenters. It is our hope that in the course of time all of the 
isomeric octanes may be prepared and investigated. The present paper 
contains results for only five, the others having not yet been prepared 
in sufficient quantities for calorimetric experiments. 

In order to refer the determinations to a satisfactory and perfectly 
definite standard, under the somewhat new conditions involved in this 
new series of experiments, it was desirable to repeat the determinations 
made with sugar and benzene by Richards, Henderson and Frevert, in 
the research already mentioned. These two substances serve admira- 
bly for calorimetric standards because they are so easily obtained in a 
pure state. They typify respectively the solid and the volatile liquid; 
methods which will serve for these two substances can easily be made 
to serve for most others among the combustible organic substances. 
As will be seen, the value obtained by the earlier experimenters for sugar 
was confirmed, and the anomalies in the combustion of benzene have been 
explained and corrected so that for this substance yet more satisfactory 
results are to be chronicled than were reported in the earlier paper* 
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The investigation showed that not only must the substance be con- 
fined in flexible glass bulbs, but that special pains must be taken with 
regard to the form of the containing capsule and the details of manipula- 
tion in order to insure complete burning. When the proper conditions 
have been established, the presence of nitrogen in the compressed gas 
of the bomb does not prevent the complete combustion of the hydrocar- 
bon. It will be seen that the results finally obtained showed a very satis- 
factory agreement among themselves. Without the high degree of pre- 
cision made possible by the devices to be described, the data could not 
have been accurate enough to form the basis of any important conclu- 
sions; because, as has been said, the variations from which inferences must 
be drawn are small in proportion to the total magnitude to be measured. 

Apparatus. 

During the first part of the work the adiabatic calorimeter was essen- 
tially like that used by Richards, Henderson and Frevert. 1 It consisted 
of a large silver calorimeter holding about 4 4 liters, in which was immersed 
the calorimetric bomb. This was surrounded below and on all sides 
by a jacketed vessel and covered with a copper pan. Both of these 
receptacles contained alkali to which acid was added in order that the 
temperature of the surroundings of the calorimeter should keep pace 
with that of the calorimeter itself. The temperature of this solution 
was easily and quickly changed. The air space between the silver cal- 
orimeter and the copper jacket was made as small as possible, the two 
vessels being insulated thermally from one another by pieces of cork. 
The complete insulation was tested electrically just before each experi- 
ment. The first diagram (Fig. 1), taken from the earlier paper, depicts 
the arrangement in section. 

The method of carrying out the determinations was so nearly similar 
to those described in the earlier paper that details are unnecessary. In 
one essential point, however, an alteration was introduced, namely as 
to the rate of stirring. On account of the experience recently gained 
in other thermochemical work in the laboratory (namely that carried 
out by Dr. L. L. Burgess and one of us concerning the heat of solution 
of metals), 2 the agitation of the liquid in the calorimeter was more thor- 
ough than in the earlier experiments. On this account a correction had 
to be determined and applied for the heat gained through friction. This 
correction will be discussed later. 

In the later experiments the method of jacketing the calorimeter was 
modified in a fashion which greatly increased the convenience of exper- 
imentation. It may be remembered that Richards and Forbes 3 made 
calorimetric determinations Of the heat of amalgamation of metals in a 

907); Z, physih, Chem. t 59, 532 (1907). 

Insi u No, 56. 
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calorimeter wholly enclosed 
in a single jacketing vessel, 
which was immersed below 
the surface of the liquid in 
the outer vessel Dr. F. 
Wrede suggested the exten- 
sion of the use of this kind 
of calorimeter for the bomb 
also The obvious advan- 
tage of having only one 
jacketing vessel to regulate 
m temperature was found 
practically to outweigh the 
difficulty in keeping*the ap- 
paratus water-tight. "We 
succeeded in arranging the 
other experimental details 
so that this method of com- 
pletely immersing the can 
surrounding the calorimeter 
will always be used in the 
future, m preference to the 
older apparatus involving a 
separate lower vessel and a 
movable pan above The 
second diagram (Fig 2) rep- 
resents the arrangement. 

A brief description of the 
essential features of the new 
apparatus is in place. To 
the top of the inner copper 
can C was soldered a flat 
projecting flange of copper 
of the same thickness as the 
can itself, and to the under 
edge of this flange was sol- 
dered a ring made from rec- 
tangular *>tass rod 1/8 inch 
thick ar^ ; nch high. As 
ma y b ^ figure, 

this rXVT*. '-om 


Vtg. 1. thesr e 
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any possible thermal lag of the heavier mass of metal does not affect the 
inner vessel. The cover to this can consisted of a circular piece of sheet 
copper bearing tubes for the thermometer and stirrer and having on its upper 
edge a brass ring similar to the one soldered beneath the flange. When the 



Fig 2 

Vertical Section 

A Outer vessel 
C Nickel-plated copper can. 

1) Silver calorimeter 
E Stirrer tor calorimeter 
II Stirrer for outer vessel 
J Burette 

K Crucible containing sub- 
stance to be burned 
h Thermometer for calorim- 
eter 

M Thermometer lor outer ves- 
sel 


calorimeter and its contents had been placed in the vessel (C), the cover 
Was put on and a gasket of black sheet rubber was placed between the 
flange and the edge of the cover. These were then clamped together 
by means pf several small brass clamps, sealing the can perfectly water- 
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tight. The whole arrangement was then completely submerged in the 
alkaline liquid in the outer vessel. With this arrangement one burette 
only is necessary, and only two thermometers must be compared. De- 
terminations on sugar with this apparatus gave results identical with 
those obtained by the use of the older apparatus; that is to say, the 
advantage of this new form consists not so much in increased accuracy 
as in greater ease of operation. 1 

For accurate work the temperature of the outer jacket must be kept 
within o i° of that in the calorimeter. In following the rise, the acid 
was introduced in the immediate neighborhood of a rotary triple pro- 
peller driven by an electric motor at the rate of about 250 revolutions 
a minute. In this way equilibrium was established throughout the whole 
outer bath within a few seconds after the introduction of a quantity of 
acid. The sulphuric acid was run into the outer jacket (and into the 
cover also, in the earlier experiments) from the burettes graduated in 
terms of the volume of acid necessary to raise the vessels and tffeir con- 
tent o.i°. The temperatures were observed at the same time by the" 
thermometers. 

As may readily be seen from the above description, the operator of 
the earlier form of apparatus was compelled at the same time to manipu- 
late two burettes and to read the three thermometers in the calorime- 
ter, the outer vessel and the cover. Since there was generally a rise of 
about 2 0 in the two minutes following the combustion, this requires 
rapid reading and manipulation; nevertheless, after some experience 
has been acquired, the task is not nearly so difficult as might at first sight 
be supposed. The second form of apparatus, in which the calorimeter 
was wholly beneath the solution in the larger vessel, does away with one 
burette and one thermometer. 

The inner vessel (C) which held the calorimeter proper was in each 
case a can of heavy copper, nickel-plated and well burnished on the in- 
side. Its walls were about of the same thickness as those of the silver 
calorimeter, so that the lag in heating each might be approximately the 
same. It was supported by metallic legs 5 centimeters high, so that there 
was plenty of room foi the circulation of the alkaline solution beneath 
it 

The calorimeter itself (D) was a can of spun silver, 1357 g. in weight 
and of 4432 cc. capacity. It was placed within the can (C) and was 
insulated from it by pieces of cork. In the older form of apparatus 
the air space between the silver and the nickel surface was about 3 milli- 
meters thick; in the later form it was about 5 millimeters thick. The 

1 Of the experiments recorded in this paper, those marked experiments 7-1 1 
and 30*45, inclusive, were made with this ‘‘submarine” form of apparatus; all the 
others were made with the older form. 
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complete insulation was tested electrically before each calorimetric ex- 
periment. 

The bomb was the one used by Richards, Henderson and Frevert. 
It was of the Atwater type, made by Singleton and Dinsmore, Middle- 
town, Connecticut. 1 The inside of the bomb and the bottom of the cover 
were lined with spun platinum. To prevent possible heat effects from 
the oxidation of the lead gasket (used for sealing the bomb) during com- 
bustion, Richards, Henderson and Frevert protected the gasket by means 
of strips of gold foil. 2 In the earlier stages of the present work also, 
this method was used, but the accurate fitting of the gold strips is a tedious 
task, and, moreover, when the task was completed, it was necessary to 
use great force to screw down the top of the bomb sufficiently to prevent 
leakage. It was finally found that heavily gold-plated gaskets would 
answer the purpose. The gaskets were given three coats of gold, each 
coat being well burnished before the next was applied. The coating 
was not enough wholly to prevent oxidation, but the amount oxidized 
in a single determination was not enough to affect the heat of combus- 
tion appreciably. This was shown by the fact that the results of deter- 
minations on sugar with the gaskets protected by gold foil agreed well 
within the experimental error with those made with the gold-plated 
gaskets. 

Instead of the capsule generally used for holding the substance to be 
burned, platinum crucibles were substituted. At first a larger crucible 
weighing 16 grams was used, but later it was found desirable to substi- 
tute a smaller crucible weighing 6 grams. The differences in heat capac- 
ity caused by this and other slight changes in the system were duly con- 
sidered in the calculation. 

Two thermometers were used for this work, both of the Beckmann 
type, graduated to o .oi 0 . One had been made by Fuess, and had a bulb 
containing about 75 grams of mercury and a very wide thread. The 
other was from Goetze, and had a smaller bulb and a narrower thread. 
Both were carefully standardized by comparison with two Baudin ther- 
mometers which had been calibrated by the French Bureau des Poids 
Ot Mfesures. The thermometers were also compared with two other ther- 
mometers of the Beckmann type which had also been separately stand- 
ardized against the Baudin thermometers. The agreement was excel- 
lent. The Fuess thermometer had been standardized by the German 
Physikalisch-Technische Reichsanstalt, and this verdict agreed with the 
comparison with the French thermometers. No difference in the re- 
sults obtained by the twoi thermometers could be detected. 

The thermometers were standardized and all the determinations were 

1 Atwdtar and Snell, Tins Journal, as, 659 (1903), 

1 for details, see Richards, Henderson and Frevert, Loc. tit.* p. 576. * 
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made in a room provided with such regulating devices that the tempera- 
ture could be kept very constant. Therefore no corrections are neces- 
sary for effects of differences in room temperature on the projecting 
threads of the thermometers. 

The oxygen used was supplied by the Tinde Air Products Company, 
of Niagara Falls. It had been obtained from liquid air, and was free 
from carbon dioxide and from chlorine. Samples of each tank used were 
analyzed volumetrically for oxygen. The purity ranged in general from 
97 • 5 P er cent, to 98 . 2 per cent, of oxygen. 

The Heat of Combustion of Sugar. 

Two of the samples of sugar prepared for the work of Richards, Hen- 
derson and Frevert were still available for this work. These samples 
had been crystallized with all the necessary precautions: one (Sample A) 
from water, and the other (Sample B) from a mixture of water and ethyl 
alcohol of such proportions that the heat of combustion of the^mixture 
was the same, gram for gram, as that of sugar itself. The concordance 
of the determinations on these two samples showed that not enough 
water was included in the crystals to be detected by thermoehemical 
means. 

The details of a combustion of sugar will serve to illustrate the method. 
The manipulation was similar except in a few minor points for the other 
substances burned. 

About two grams of sugar in powdered form were weighed into the 
platinum crucible, and the crucible was placed on its support. This 
support consisted of a platinum ring attached to a heavy platinum wire 
projecting downward from the cover of the bomb and in metallic contact 
with it. Between this wire and a similar one, insulated from the bomb, 
was suspended a coil of fine iron wire, of measured length, the bottom 
of which just dipped into the sugar. If this wire is protected from the 
oxygen by being buried too deeply in the sugar, it is sometimes difficult 
to ignite the sugar *by the passing of an electric current. In order to 
avoid a correction for the evaporation of water formed during the com- 
bustion, a little water, less than a cubic centimeter, was placed in the bomb. 
The cover was now placed on the bomb, and the latter was sealed by 
screwing down the steel cover cap. In the earlier experiments, oxygen 
was run in until the gauge registered 35 atmospheres; later, as will be 
seen, a lower pressure was employed. 

The water for the calorimeter was measured in a graduated flask, de- 
livering a definite amount of water at 20 °, and brought to the tempera- 
ture at which it was desired to start the experiment. The alkaline solu- 
tion in the jacket and the cover were adjusted to the same temperature. 
The bomb was placed in the calorimeter, and two insulated copper wires 
lor the introduction of the electric current were attached to th$ platinum 
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wires from which the fine iron coil was suspended. After the water 
had been poured into the calorimeter, the cover was put in place. The 
well-insulated electric connecting wires passed through the copper tubes 
in the cover provided for the wires of the calorimeter stirrer. When 
the thermometer and burettes were in place, the stirrers were started 
and the temperatures of calorimeter, jacket, and coyer were equalized 
to within o.oi°. Readings were made every minute with the aid of a 
good hand lens, the thermometer being tapped by an electric vibrator 
immediately before each reading. When constancy had been obtained, 
the electric circuit was completed and the burning of the iron wire caused 
the combustion of the sugar. During the first rapid rise the tempera- 
tures of the outer vessels were kept from 0.05-0.1° higher than that 
of the calorimeter. This was done because the thermometer in the 
calorimeter had a slightly geater lag than that outside, and also in order 
to give time for the complete distribution of the heat in the jacket and 
cover. Richards and Burgess have shown that it is safer to keep the 
outer jacket a little too warm than a little too cold. 1 After the first 
two minutes the rise was very nearly complete and the temperatures 
were adjusted to within one or two hundredths of a degree. In five or 
six minutes the maximum temperature was reached, although readings 
were continued several minutes longer. 

The stirring (at the rate of 68-74 strokes per minute) was much more 
energetic than in previous^work, and caused a slight warming effect. 
In two blank trials of 30 and 40 minutes respectively the heating effect 
for 10 minutes was 0.0030° and 0.0033° with an average of 0.0031 °. 
Thus, for experiments which lasted 7 or 8 minutes after the combustion 
was started, a correction of — 0.002° was subtracted from the observed 
rise, and in those others which took 9 or 10 minutes the correction ap- 
plied was — 0.003°. 

One centimeter *>f the iron wire weighed 0.00194 gram. The water 
equivalent of the system having been about 3760 grams, the rise due to 
the burning of 1 centimeter was calculated, from the heat of combustion 
of iron to the magnetic oxide, to be 0.0009°. Probably some ferric 
oxide forms also, augmenting this value slightly. The electrical heat 
needed to raise 1 centimeter of the wire to the point of combustion (per- 
haps 800 °) 2 must have been enough to raise the calorimetric system 
through approximately an additional amount of about 0.00065°, so that 
the total amount to be subtracted from the thermometer reading for 
each centimeter of wire was approximately 0.001 °, allowing for the small 
amount of electrical heat which must have been generated in other parts 

1 Loc f cit., in press. 

* Fischer and Wrede assumed 600 0 as the temperature of ignition. Z. physih . 
€hem. t Arrhenius Jubelband, 69, 333 (1909)* 
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of the apparatus. This was verified by four experiments in which no 
sugar was burned, the combustion of the usual length of wire changing 
the temperature of the system 0.014°, 0.014°, 0.015°, and 0.015°, re- 
spectively, results very closely in agreement with the calculated value. 

After an experiment was ended and the gas had been allowed to escape, 
the*interior of the bomb was carefully inspected for indications of incom- 
plete combustion. No carbonaceous matter was found, except in a sin- 
gle preliminary experiment. This determination was, of course, rejected. 
No tests were made for carbon monoxide, since Richards, Henderson 
and Frevert found no traces of this gas upon repeated analyses. 

A degree of acidity in the water in the bomb after combustion, capa- 
ble of being neutralized by 4.0 cubic centimeters of a certain alkaline 
solution, indicated a quantity of nitric acid whose heat of formation 
must have raised the calorimeter 0.001 °. 1 Corrections were duly made 
for this source of error. 2 

The following table records the results of a preliminary series <# com- 
bustions. In these experiments the conditions were identical with those 
just detailed, the heat capacity being exactly the same, equivalent to 
about 3760 grams of water, and the same thermometer being used.* Thus 
all the figures in the final column are comparable with one another and 
with the results of Richards, Henderson, and Frevert, where the same 
heat capacity was used, except for the fact that* in the present case the 
weight of the sugar was reduced to the vacuum standard. 

Combustion of Sugar. 

Preliminary Series, 

Observed rise 


Bxpt. 

No. 

Weight 
sugar (in 
vacuum). 
Gram. 

of temperature 
(corrected 
for ther- 
mom. errors). 

Correction 

for 

stirring. 

Correction 

for 

iron wire 
burning. 

Correction 
for HNO* 
formed. 

Corrected 
rise due 
to sugar. 

Corrected rise 
in temper- 
ature per 
gram sugar. 

X 

1-7577 

1.868 0 

— 0.002° 

— O.OI5 0 

— 0.003° 

-fl.848 0 

I.05X 0 

2 

2.0796 

2.213 

— 0.002 

— O.023 

— 0.004 * 

4 - 2.184 

I.050 

3 

1-8473 

1.964 

— 0.003 

—0.015 

— O.003 

+ *•943 

1 .0$2 

4 

1 . 9460 

2.071 

— 0.003 

—0.015 

— 0.004 

4-2.049 

1-053 

5 

2 . 1769 

2.306 

— 0.002 

— 0.015 

— 0.002 

4 - 2 . 287 

I.050 


The average rise of temperature in this calorimetric system for the 
combustion of 1 gram of sugar is thus 1.05 12. For the same system, 
Richards, Henderson and Frtvert found 1.0504 (or 1.0498, if allowance 
is made for the correction of the weight of sugar to vacuum, as has been 
done in the present calculation). The difference, about 0.13 per cent, 

1 The standardization of this solution was effected by the use of Thomsen's equa- 
tion, 2N + 5O 4 - H a O 4 - Aq ® 2HNO g Aq 3 4 * 29.8 cal., assuming the heat capacity 
of the system to be equivalent to 3,760 grams of water. 

* During the rise of about 2 0 enough water is evaporated to raise the aqueous 
pressure of the confined air space immediately above the surface of the water by 2 
mm. of mercury. This causes a cooling effect in the neighborhood of 0,0001 an 
amountentirely negligible. 
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is a small deviation, but one nevertheless greater than the probable ac- 
cidental error of either average. A slight constant error is indicated; 
we are inclined to think that this may lie in the fact that in these later 
determinations the stirring of the calorimetric solution was far more 
rapid than in the earlier ones. The work of Richards and Burgess has 
shown that unless the agitation of the solution is so great that the rise of 
temperature of the solution is equably distributed throughout the whole 
calorimeter, a thermometer placed near the bottom of the calorimeter 
will register a temperature below the average value. Therefore the en- 
vironment will not be kept warm enough, and some heat will be lost. 
The error thus caused is just about of the same magnitude indicated by 
the difference between the two series of experiments, and of course the 
later ones are far more trustworthy because this cause of uncertainty 
was removed. Incidentally it may be noted that this cause is by no 
means peculiar to the adiabatic method of calorimetry. It affects the 
cooling correction calculated by the Regnault-Pfaundler method quite 
as much as it affects the actual reading of the thermometer in the adia- 
batic method. Hence it is probable that in most calorimetric work the 
liquid has not been adequately stirred. 

The proportions of water and metal in our calorimetric system were 
such that for temperatures between o°~30° the decrease in the specific 
heat of water with rising temperature is about offset by the increase of 
the specific heat of the metal parts. Therefore there is little error in 
this respect in comparing the results of the present determinations done 
between 17.7-20.2° (at an average temperature of 19°) w r ith those of 
Richards, Henderson, and Frevert, performed at an average temperature 
of 2 1. 4 0 . Indeed it has been calculated with a good degree of approxi- 
mation that the heat capacity of the system at 25° differed by less than 
0.03 per cent, from that at 20°. 

After the experience had been gained by the conduct of these pre- 
liminary determinations, liquids were studied, especially benzene and a 
number of esters. In the course of this work much further experience 
in calorimetry was gained, and in particular it was found that a smaller 
crucible was far more satisfactory than that of the large size. Accord- 
ingly, because sugar is a substance of great importance as a standard 
of reference, it was thought worth while to make another series with sugar, 
in which all the experience gained in the course of the work came into 
play. In this series of six determinations the heat capacity of the system 
had been' somewhat less than in the preliminary experiments, because 
10.5 grams of steel had been cut off the bomb in providing new holes 
to engage the spanner, 10 grams of platinum had been removed in sub- 
stituting a smaller platinum crucible, and 9 . 2 grams less water were used 
in the calorimeter. The water equivalent of these changes amounted in 
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all to 10.73 grams (which was 0.29 per cent of the total water equiva- 
lent),, and this system was used in the first two experiments recorded in 
the series given below. The other four involved a still somewhat smaller 
heat capacity, because in these last the pressure of the oxygen was only 
20 atmospheres instead of 35 atmospheres. This change involves a 
further loss of water equivalent of 1.1 grams, or about 0.03 per cent. 
In the final column given below all the results are reduced to the same 
standard by adding 0.0003° to the figures in the last column obtained 
from Experiments 6 and 7 for 1 gram of sugar. 

These two experiments just mentioned were made before the experi- 
ments with liquids, while Experiments 8 to 11 were made at the very 
conclusion of the whole research. The essential identity of the two sets 
is pleasing. Because of the dose agreement of the results, the final fig- 
ures in the last column are given to the fourth decimal place. 

Combustion of Sugar. 

Final Series. 0 


Ther- 
No. mom- 
Rxp. eter. 

Weight 

sugar. 

Obs. rise 
of tem- 
perature. 

Corr. for 
stirring and 
iron burnt. 

Corr. 

for 

HNO,. 

Corr. 

temp, 

change 

Temp. 

change 

for 

1 gram 
sugar. * 

Temp* 
change for 

1 g sugar 
corr. to lowest 
heat capacity. 

6 

B 

1-5703 

x. 669° 

— O.OI3 0 

— 0.002° 

1-654° 

1.0533 6 

1 S536 0 

7 

B 

2.1784 

2.312 

— O.O15 

— 0.002 

2.295 

10535 

1.0538 

8 

B 

2.0045 

2.132 

— O.016 

— 0.003 

2.113 

I .0541 

1.0541 

9 

B 

2.0563 

2.187 

— 0.017 

— 0.002 

2.168 

* 0543 

I 0543 

10 

B 

2.0780 

2-310 

— 0.017 

0.002 

2,291 

l 0539 

1 -0539 

11 j 

I.8772 

1.997 

— O.Ol6 

0.003 

1.978 

1 -0537 

10537 


1-0539 

f Thus with the new heat capadty (0.32 per cent, less than in the pre- 
vious series) the rise of temperature caused by 1 gram of sugar is 1 .0539°, 
the extremes being less than 0.04 per cent, divergent from this mean. 
The preliminary series recalculated over to the basis of the new heat 
capacity would give 1.0545°, a value slightly greater, but probably 
within the limit of error of the first crude set of experiments where the 
individual determinations varied somewhat widely. It seems probable 
that the value 1.0539 0 is a correct one, and it may be used in subse- 
quent work as the basis of conclusions concerning the relative heats of 
combustion with other substances as compared with sugar. 

The Heat of Combustion of Benzene. 

Two of the samples prepared for the previous work were still avail- 
able. 1 These samples had been purified by several careful crystalliza- 
tions: Saihple A was from Merck's best grade of benzene and Sample 
B from Kahlbaum's “thiophenfrei" material. These had been preserved 
in well protected glass bottles with good ground-glass stoppers. Never- 
1 Prec. Am, Acad., 4a, 57S (1907) ; Z. physik. Chtm., $9, 538,(15907). 
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theless, because they had been standing in this way for over two years 
it was thought best to prepare another specimen. Accordingly a new 
sample (C) was purified from Kahlbaum’s “ thiophenfrei” benzene by 
four successive crystallizations. In each case only about a third of the 
liquid was allowed to solidify. The crystals were allowed to drain slowly 
so that adhering mother liquor should be washed off by the liquid formed 
through the melting of the crystals themselves. In a determination 
conducted with all the ordinary precautions, no difference could be de- 
tected between the freezing point of the fourth crop of crystals and that 
of the mother liquor from which they had been crystallized. Further- 
more, the temperature remained constant until practically all the liquid 
was frozen. 

It has been mentioned at the first of the paper that the earlier method 
of combustion was finally modified, and that a more trustworthy arrange- 
ment was made. Before describing the modifications it is worth while 
to record the results of new experiments with the use of the earlier method. 

In brief, this old method was as follows: The benzene was sealed and 
weighed in a completely filled glass bulb with very thin walls. The bulb 
was placed in the platinum crucible within the bomb, on the top of a small 
weighed quantity of sugar, which was ignited as usual by the coil of iron 
wire. The burning of the sugar burst the bulb and inflamed the benzene. 
The remainder of the manipulation was precisely as described above 
in the case of cane sugar. The heat capacity was the same as that used 
in the earlier experiments, Nos. 1 to 5, with cane sugar, and the rate of 
stirring was the same. The following table contains the results of the 
combustion of benzene in this way, the larger crucible with a diameter 
at the top of about 35 centimeters having been used as the capsule for 
the combustion, and the oxygen containing about 5 per cent, of nitrogen. 

Combustion of Brnzbnb. 

Preliminary Series with Large Crucible. 


No. 


Weight 
of benzene 

Weight 

Correction 

Rise 

Rise 

of 


in vacuum. 

of sugar. 

for sugar 

due to 

per gram 
benzene. 

Exp. 

Thermom. 

Gram. 

Gram. 

burned. 

ben sene 

12 

B 

0.7108 

O.2715 

0.286° 

1. 887° 

2.655° 

13 

B 

0.7535 

O.2359 

0.248 

2.003 

2.658 + 

14 

B 

O . 6049 

O.2711 

0.285 

1 .607 

2.657 + 

Thus 

1 gram 

of benzene 

is shown 

to raise 

Average, 2.657° 

the calorimetric system 


2.657°: Richards, Henderson and Frevert found for the combustion 
of benzene with oxygen containing the same amount of nitrogen the 
value a. 655V The difference of 0.002° is not much beyond the limit 
of error of the average and is just what one would have expected as a 
1 Proc, Amer ; Acad., 4 a, 58S (1907), * , 
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result of better mixing of the liquid in the calorimeter. Thus if the ratio 
of benzene to sugar 2.657/1.051 = 2.528, found by the new investiga- 
tion, is compared with the older ratio 2.655/1.0504 *= 2.528 (or, if the 
weights of benzene and sugar are both corrected to the vacuum standard, 
2,526), the essential identity of the results is seen to indicate that the 
experimentation was really identical and to verify the previous work as 
far as accidental errors are concerned. The error due to the inadequate 
stirring in the older work was a constant one, and affected the experi- 
ments with sugar and with benzene in like manner, hence it is essentially 
eliminated from the ratio. 

It will be remembered, however, that the earlier experimenters found 
a higher result when the oxygen contained less nitrogen, showing that 
combustion with 5 per cent, of inert gas present had not been complete; 
and they were inclined to believe that even the highest value which they 
obtained, about 0.3 per cent, higher than the one just given, waa not 
quite high enough. Pure oxygen was at that time not obtainable und^r 
this pressure, and the cause of the incomplete combustion was pointed 
out as a matter well worth further investigation. An important point 
in explaining the anomaly is the following fact demonstrated by repeated 
experience, namely that whenever the benzene vapor had a chance to be- 
come intimately mixed with the gases in the bomb before combustion 
took place (as for example, by the premature bursting of the glass bulb 
by the pressure of the oxygen), the combustion was always incomplete. 
Under these circumstances we have detected the odor sometimes of 
nitrobenzene and sometimes of phenol — substances which are notoriously 
hard to burn. Once after rinsing out the bomb and diluting the liquid 
as usual with sodium hydroxide, the solution turned yellow immediately 
before the color change in the phenolphthalein took place — a phenom- 
enon which might have been due to the presence of paradinitrobenzene. 

These observations clearly point to the inadequacy of the usual method 
of burning a volatile liquid absorbed in a mass of cellulose, because un- 
der these conditions some of the liquid inevitably evaporates prematurely. 
They also form an important step, as has been said, in the train of reason- 
ing which guided us to a better result. 

In the present work we have been fortunate enough to solve the 
difficulty and discover the cause of the incomplete combustion of the ben- 
zene as well as to show why this cause does not affect experiments with 
non-volatile substances, like sugar. We will show also that the suspicion 
that the true value is yet higher than the highest value found before was 
correct. The answer to the riddle was found only after protracted in- 
vestigation. In the search for further light and experience, other liquids, 
especially methyl butyrate, methyl isobutyrafce, and ethyl propionate, 
were subjected to calorimetric combustion, and it was through expe- 
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rience gained in working with these less combustible compounds that the 
error in the results of previous investigators with all volatile liquids be- 
came manifest. Therefore it may not be out of place here to describe 
the various methods which were tried in the attempt to obtain com- 
plete combustion of the esters. 

At first the earlier method just described was used. This method was, 
however, obviously inadequate, for after the bomb was opened a distinct 
odor of the ester, varying in intensity in different experiments but always, 
recognizable, could be detected in the issuing gases. Moreover, in several 
cases there was a deposit of carbon in the crucible. It seemed possible 
that the carbon was formed from sugar protected from the oxygen by 
the molten glass of the bulb, hence in a few experiments the bulb was 
placed on a small staging of heavy platinum above the surface of the 
sugar. In this way the sugar should have a chance to become thor- 
oughly ignited before the melted glass could fall upon it. The plan suc- 
ceeded, indeed, in eliminating the carbon, but the odor of ester was still 
very distinct. Evidently, at the moment when the bulb burst, some of 
the vapor was projected upward at a rate greater than the rate of propa- 
gation of the explosion; and as the amount which thus escaped was 
evidently insufficient to form an explosive mixture throughout the bomb, 
it escaped combustion. 

The amount left unburned would naturally be greater, the greater the 
concentration of nitrogen present, for the effect of an inert gas in re- 
tarding the rate of propagation of an explosive wave is well known. 1 
It is conceivable that the retarding effect here was so great that some 
of the vapor escaped combustion entirely. Dixon 2 has shown that in 
some cases an excess of one of the reacting gases also has a retarding ef- 
fect, but this cause of incomplete combustion does not seem to have af- 
fected our work, probably because in no case the pressure of the oxygen 
exceeded 35 atmospheres. 

These considerations adequately explained the effect of increasing 
the concentration of the nitrogen, and furnished the leading idea in ef- 
fecting improvement. 

The following arrangement was then tried. The bottom of the plat- 
inum crucible was so distorted as to form on one side a depression large 
enough to hold the bulb. On the bottom of the crucible, now some- 
what above the bulb, sugar was piled in such a way that the capillary 
was buried in it. It was hoped that, when the bulb burst, the liquid 
would be projected into the burning sug^r. Also, since the sugar was 
on a higher level, the vapor rising upward would have to pass through 

1 See Mellor, “Chemical Statics and Dynamics,” pp. 466ff. 

* Phil TraHs,, 184, 97 (1893). J, Chem. Soc ., 69, 774 (1896); 75, 631 ((899). 



284 


general, physical and inorganic 


an area filled with flame. But here too there was evidence that part 
of the vapor escaped combustion. 

After a few fruitless experiments with an entirely different method, 
whereby it was hoped to reduce the rate of vaporization of the ester and 
thus to obtain a slower combustion, the use of the thin-walled bulbs was 
again resorted to The bulb was now placed in the bottom of a much 
narrower crucible. About half way up in this crucible and on top of the 
bulb was fixed a rectangular plate of thin perforated platinum foil, and 
sugar was put on top of this. By having this plate rectangular instead 
of disc-shaped, there was room for the passage of the vapor around the 
sides of the plate and at the same time there was plenty of oxygen for the 
combustion. In this way the sugar was ignited first, and when the bulb 
burst the vapor was forced to pass up through the top half of the cruci- 
ble, which was completely filled with flame. Thus complete combustion 
was obtained, so that no odor of ester could be noticed in the residual 
gas, and there was no carbon deposit within the crucible or bomb, btlt 
with 35 atmospheres pressure the combustion took the form of an ex- 
plosion of considerable violence, as the appearance of the crucible jtesti- 
fied. In order to reduce the rate of combustion, the concentration of 
oxygen was therefore diminished; with 20 atmospheres of oxygen every- 
thing went smoothly, although the temperature within the crucible was 
still sufficient to fuse the thin platinum foil, especially where the iron 
oxide came in contact with it. Afterwards platforms of ignited asbestos 
paper were substituted for the platinum With the thick asbestos paper 
there was some tendency toward carbonization in the bottom of the 
crucible, but with thinner paper this tendency disappeared. The thin 
asbestos fused together into a globule with the iron oxide — perhaps 
forming an iron silicate. That this gave rise to no thermal effect was 
proved by a combustion of sugar alone in which a similar asbestos plat- 
form was used. The agreement of this determination with the previous 
ones also proved the absence of any carbonaceous matter in the asbestos 
which had escaped combustion in the lower temperature of the Bunsen 
flame. In this way seemingly complete combustions of the esters, which 
yielded concordant results, were finally obtained. 1 

Having thus mastered the technique of the combustion of volatile 
liquids, we returned to the work upon the hydrocarbons, which are far 

1 Although we were not entirely sure of <he purity of the esters, they were probably 
as pure as most organic liquids which have been used by other physico-chemical in- 
vestigators. Therefore we venture to give, for what they are worth, our results on 
methyl isobutyrate, which are typical This ester had proved harder to bum than 
the others mentioned above. Therefore when the method was perfected it was ap- 
plied to this one first, in order to be sure that it was capable of dealing with the worst 
eases. In the determination given below no ester smell could be detected and there 
w*s ho carbon in the bomb The ester supplied by Kahlbaum had been carefully 
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more easily burned than esters. It was not a great surprise to find that 
the new method yielded results which were higher than those previously 
found, for the earlier results had been thought too low. In order to 
make sure, however, that the increase was not due to the presence of 
combustible matter in the asbestos, very thin glass platforms (made 
from microscopical cover glasses) were substituted for the shelf upon 
which the sugar was to be placed. To review, briefly, the method of 
combustion for benzene, in its final form, was as follows: the benzene 
in a very thin glass bulb was placed in the bottom of a narrow platinum 
crucible, 2 cm. in diameter and 2.5 cm. high. A few millimeters above 
the bulb was fixed a small platform of thin glass bearing a weighed quan- 
tity of powdered sugar. The passage of a current through the coil of 
iron wire ignited the sugar, which in its turn burst the bulb and ignited 
the benzene at a moment when the whole top of the narrow crucible was 
filled with flame from the burning sugar. Thus none of the benzene 
vapor could escape ignition. The trouble with the old method had been 
that the larger crucible was too wide. Moreover, the sugar had been be- 
neath the benzene instead of above it, so that some of the benzene es- 
caped unconsumed. The amount which thus escaped was greater when 
there was more nitrogen present than when there w r as less. Obviously, 
with non-volatile compounds like sugar the width of the crucible would 
make no difference. 

There follows a series of determinations carried out as described, with 
always the same quantity of water in the calorimeter. 

In a few cases there was conclusive evidence to show that the glass 
bulb had been broken by pressure previous to the combustion. This 
fractionated and dried with calcium chloride, and the fraction boiling between 91. 4 °- 
92. o° at 754 mm. was taken. No impurity was detected in this particular sample. 

The combustions were made with 8.0 per cent, nitrogen in the bomb. 

Data for the Heat of Combustion of Methyl Isobutyrate. 


Correction 

Observed * for iron Corrected 

Wt. ester rise Correction for wire, stirring rise due Rise per 

Therm. in vacuum, corrected, sugar burned. and HNO3. to ester. gram ester 

B 0.8806 1*739° — 0.126° — 0.020° i*593° 1.809° 

J 0.6546 1358 — O.152 — 0.020 1. 186 1.812 

J 0.5147 1.134 —0.135 —0017 0.932 1. 811 

J 0.6532 I.454 —0255 —0.018 I.181 1.808 


• Average, 1.8 10 

Since a gram of sugar caused a rise of 1 .0539° in the same system, methyl iso- 
butyrate on burning is seen to evolve 1 .717 times as much heat as an equal weight of 
sugar. Hence the molal heat of combustion in constant volume of methyl isobutyrate 
is 2901 kilojoules or 694.0 calories. Thomsen found for the vapor 717.6 calories under 
constant pressure. 

Havre and Silbermann find for methyl butyrate (liquid) 693.4 cal. (Anqaies chtm. 
{3) 34, 441 (*85*)- 

But of vaporization 7,9 cal. (Schiff, litbig's Aim., 334, 338 (1886)). 
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was detected by means of the odor of the benzene in the small amount 
of oxygen always allowed to escape just before the combustion. Such 
experiments were of course rejected. Otherwise, all the experiments 
made are recorded in the following table : 


Heat of Combustion of Benzene. 
Final Series. 


5 

p. 

H 

V 

Z . 

B 

rt 

tti 

Percent Nj 

Wt benzene in 
vacuum 

u 

a 

g 

% 

Change of 
thermometer 
corrected 

Correction for 
sugar burned 

_ r s e * 

C P M 3 L, 

% -°l 

a 0? C-© sp 

^ 1* 0 t» c ® 

Q *- <3 bc« 1* 

U 

Rise due to 
benzene. 

Rise due to i 
gram benzene 
(weighed i n 
vacuum) 

*5 

B 

8 O 

0 7763 

0 2376 

2-347 

— 0 250 

— O 019 

2 078 

2 677 

16 

B 

8 O 

I OI44 

0 1050 

2 847 

— 0 III 

O 021 

2 715 

2 676 

17 

B 

8 0 

O 6443 

0.2431 

1 999 

—O 256 

— O 019 

I 724 

2 676 

18 

B 

2 6 

O 7480 

0.3199 

2 355 

—0 337 

—0.017 

2 OOI 

2 <575 

19 

C 

2 6 

O 7365 

0 2522 

2 252 

0 266 

O 017 

I 969 

j 674 

20 

A 

2 6 

O 7360 

0 2068 

2 202 

— 0 218 

-O 017 

I 967 

2 67 $ 

21 

C 

2 6 

O 7618 

0 2420 

2 307 

-0 255 

- -O 017 

2 035 

2 . 672 

22 

A 

2 O 

O 6860 

0 2823 

2 152 

-0 298 

- O Ol8 

I 836 

2 677 









Average 

* 

«* 2 6750' 


Thus one gram of benzene weighed in vacuum evolves enough heat on 
combustion to raise the special calorimetric s\stem employed 2 675°, 
the figure having a probable error of o 0004. The extreme deviation 
from the mean amounts to less than o 003 °, which, although larger 
than in the case of sugar, is nevertheless as small as could be expected, 
considering the complication of the process and the fact that less than 
a gram of benzene was usually used in the combustion. 

Not only is the series satisfactory as a whole, it is also convincing as 
regards the agreement in several samples of benzene. The average 
value for Sample B is 2 676°, for A 2 675°, and for C but slightly less, 
2 673°. These differences are within the reasonable limit of error, espe- 
cially since only two determinations of each were made with Samples A 
and C. 

It is interesting to note that the presence of nitrogen has no longer 
any effect upon the completeness of combustion. Of the eight deter- 
minations in the table, the first three were made m the presence of 8 per 
cent, of nitrogen, whereas in the last five the per cent, of nitrogen was 
2 6 or less. The amount of heat e\&lved in the first three, per gram of 
benzene, was 2 676, in the last five 2 ,674. This difference is not greater 
than the possible experimental error. It is in fact in a direction opposite 
from that which would have been expected if the difference had any sig- 
nificance, This is a very satisfactory evidence that the combustion was 
complete in every case, for if it had been incomplete with 2*6 per cent 
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of nitrogen, it would have unquestionably been still less complete with 
8 per cent. 

The only effect of decreasing the nitrogen in our accepted experiments 
was to cause the correction >f nitric acid formed to become noticeably 
smaller, so that in many instances where the nitrogen amounted to 2.6 
per cent, or less, this correction amounted to practically nothing. The 
actual amounts of nitric acid found were as follows: with 8 per cent, 
of nitrogen, o 04, 0.06, 0.03 gram, respectively; with 2.6 per cent, of 
nitrogen in only two experiments (the second and last) did the amount 
of nitric acid exceed 0.01 gram. 

Circumstantial evidence supported this conclusion that complete com- 
bustion of the benzene had at last been obtained. No indications of 
incompleteness — neither deposited carbon nor residual odor — were per- 
ceptible in the bomb after combustion. No test was made for carbon 
monoxide, because Richards, Henderson and Frevert were unable 
to find any traces of this gas even with their less efficient method. 

In order to show that the first rush of benzene vapor upon the burst- 
ing of the bulb in the moment of ignition had not so blown about the 
powdered sugar that part of it escaped combustion, the following test 
was made in one case (No. 21). After the combustion the bomb had 
been rinsed out with very pure water and the nitric acid titrated with 
sodium hydroxide solution, the sodium nitrate solution was evaporated 
to dryness in a tared platinum dish. The gain in weight of this dish 
amounted to 0.0008 gram more than the amount of sodium nitrate cal- 
culated from the quantity of sodium hydroxide solution used. Tests 
by the resorcinol method and with Fehling’s solution (after treatment 
which would have inverted sugar) failed to show any traces of sugar. 
Even if the gain was really unburned sugar, the temperature rise due to 
it would have been only 0.0008°, which is beyond the limit of error of 
the thermometric readings. 

Another experiment (No. 22), in which the sugar was compressed into 
pellets so that it could not be easily blown about, gave a result in perfect 
agreement with the rest of the series. Benedict and Fletcher 1 have shown 
that the only important effect of this treatment is a diminution of the 
speed of reaction. 

After one experiment a light deposit of a brownish red powder was 
found on, the walls of the bomb. This proved, upon examination, to be 
an oxide of iron, obviously without effect upon the value derived from 
the determination, because the heat of combustion of the iron was always 
allowed for. 

After scores of combustions, the crucibles showed no visible signs of 
* TWS Journal, 29, 753 (X907). 4 
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having combined with carbon. The high temperature and the presence 
of an excess of oxygen undoubtedly prevented this cause of error. 

The heat capacity of our calorimetric system has not yet been deter- 
mined by the method of summing up the water equivalent of the com- 
ponent parts. 1 Thus the results in this paper are to be expressed as 
ratios, the standard being the temperature rise produced in our calori- 
metric system by one gram of sugar. 

Expressed in this way, our final results are as follows: 


Average rise produced in the calorimetric system by one gram 

of benzene 2 . 6750° 

Average rise produced in the calorimetric system by one gram 

of sugar 1 .0539° 

Ratio benzene to sugar *= 2.6750/1 .0539 2.5382 


This is now directly comparable to the results of Richards, Henderson 
and Frevert. Their ratio of the heats of combustion of like weights of 
benzene and sugar (when the oxygen was as pure as they could make 
it) was 2.534. ^ vacuum corrections for the weights of sugar and of 

benzene are applied, their value falls to 2.532. Our heat t>f combus- 
tion is thus about 0.26 per cent, higher. This difference was only to be 
expected, since these investigators clearly showed that their figure was 
probably less than the true one, on account of the effect of the nitrogen 
present under the conditions of the earlier experiments. Although the 
lowering of the heat of combustion was not exactly proportional to the 
per cent, of nitrogen present^ one would have inferred by extrapolation 
from their experiments that the true value must be about 2.54, in close 
agreement with our new value 2.538. 

Stohmann’s ratio for the heat produced by benzene in comparison 
with that by sugar is 2. 5225. 2 This ratio is based upon the determina- 
tions for benzene done with the Rerthelot bomb. Stohmann also made 
some earlier determinations with the apparatus of Berthelot and Vieille 
(a modification of that of Favre and Silbermann), in which the benzene 
was burned from a lamp in a stream of oxygen. The average of these 
determinations gave the value 9.977 Calories per gram of liquid benzene 
at 1 7 0 . The ratio derived from this is 2.5275. Thus the results of 
Stohmann’s two series are a little over 0.6 per cent, and 0.4 per cent., 

1 Richards and Rowe have recently devised a new method for determining 
specific heats ( Proc . Aw. Acad., 43, 473 (190$)) and are further perfecting it. It seems 
probable that with slight modifications their method can be used for the accurate de- 
termination of the heat capacity of a bomb. This method is more easily carried out 
in a chemical laboratory than is the electrical method of Jaeger and von Steinwehr 
(Verhandl. d. d. physik . Ges., 5, 50 (1903); Ibid., 5, 353 (1903); Z. physik. Ghent., 53, 
153 (1905)) 

2 Stohmann and Langbein, J, prakt. Chem., 4$, 3x3 (XS93); 40, 77, fix (1889); 

Stoh maun, Rpdat t hud Herzberg, Ibid., 33, 241 (x 886), u 
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respectively, lower than our ratio. Berthelot's 1 ratio is lower still, about 
2.520. Julius Thomsen 2 burned benzene vapor, finding a result to 
which Stohmann applied corrections for the heat of vaporization, using 
Regnault’s formula for the heat of vaporization, and Kopp’s value for 
the molecular heat capacity of liquid benzene. Thomsen’s value thus 
reduced to the heat of combustion in constant volume of liquid benzene 
at 17 0 is for a gram of benzene, io. 135 Calories, a value much higher than 
the others. 

The most probable figure for sugar is that of Fischer and Wrede,® who 
found that a gram of sugar on ^complete combustion yields 16.545 kilo- 
joules of heat energy. If we accept this value, a gram of benzene is 
found from our work to yield 2.5382 X 16 545 kilojoules « 41.99 kilo- 
joules. If a kilojoule at 19 0 is taken as 4. 179 Calories, the heat of com- 
bustion of a gram of benzene is 10.049 Calories, a result almost as high as 
Thomsen’s. 

In the more usual and more generally useful standard, 1 mole or gram- 
molecule of benzene (78.05 grams) evolves 3278 kilojoules, or 784.3 
Calories on combustion. 

Heats of Combustion of the Octanes. 

The next substances whose heats of combustion were studied were five 
isomeric octanes. These compounds were furnished us by Dr. Latham 
Clarke, of this laboratory, who is now engaged in an attempt to prepare 
all the possible isomeric octanes. The octanes burned were: 

Normal octane, 4 — CH s CH 2 CH 2 CIi 2 CH 2 CH 2 CH 2 CH 3 , boiling point 124. 5 °. 
2-Methyl heptane or iso-octane, 5 CH 3 CHCH 3 CH 2 CH 2 CH 2 CH 8 , boiling 

1 

CH, 

point 116.0 0 . 

2,5-Dimethyl hexane or diisobutyl,' CH,CHCH 2 CH 2 CHCH„ boiling 

I I 

CH. CH. 

point 108 . 4 0 . 

3, 4-Dimethyl hexane or di-secondary butyl, 7 CH a CH 2 CH CHCH 2 CH„ 

I \ 

CH 3 CH* 

boiling point 1 16 . 2 °. 

1 Berthelot and Vieille, Ann . chitn. phys ., [ 6 ] 10, 458 (1887); Berthelot, Ibid., 
tsl *3, 193 (1881). 

* Thennochemische Untersuchungen , IV, 59 (Leipzig, 1886). 

* Z. physik. Chem., Arrhenius Jubelband, 69, 234 (1909). 

4 Riche, Ann. (Liebig), z 17, 265; Schorlemmer, Ibid., 162, 280; 147, 227; 152, 
152. Zincke, Ibid., 152, 15. Paterno and Peratoner, Ber., 2a, 467. 

• Clarke, This Journal, 3*» 107 (1909). 

• Waits, Ann. (Liebig), 96, 365. 

1 Nomi axtd Green, Amer. Chem . 26, 293, *r 
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3-Ethyl hexane,' CH 8 CH 2 CHCH a CH 3 CH„ boiling point 115 0 . 

I 

ch 2 ch 3 

Great care was taken by Dr. Clarke in the preparation of these com- 
pounds and they were undoubtedly purer than most organic liquids of 
this sort. The earlier preparations formed a small amount of black pre- 
cipitate on standing over mercury, but the final specimens used in the 
combustion experiments were practically free from unknown contamina- 
tion which caused this effect. Careful experimentation showed them 
to be free from sulphur and halogen, an<J they were dried by distillation 
over sodium. 

Two samples of 2,5-dimethyl hexane, which had been prepared by differ- 
ent methods, w r ere used. One sample had been prepared by the action 
of sodium on isobutyl iodide, (CH 3 ) 2 CHCH 2 I. The other had been pre- 
pared by treating acetoacetic ester with sodium and isobutvl iodide. 
By the action of a magnesium alkyl iodide, the ketone, resulting* frqm 
saponification of the product obtained above, was reduced to the hydro- 
carbon. The first sample boiled 0.2 0 lower than the second and there 
were also differences of a few units in the fourth decimal ’place Of the 
densities and in the fifth decimal of the refractive indices, but no differ- 
ences in the heats of combustion could be detected. In the table, these 
samples have been marked A (b. p. = 108.3-108.5°) and B (b. p. * 
108. 1-108.3°). Dr. Clarke considers Sample A slightly purer. 

The method of burning the octanes was essentially the same as that 
used for benzene, except for a slightly different arrangement of the sugar 
used to start the ignition. In the present case this substance was com- 
pressed into pellets, one of which was placed upon the glass plate above 
the bulb and another, much smaller, was fixed in the coil of iron wire sus- 
pended about a millimeter above the large pellet. Another minor modi- 
fication made in the case of the latter experiments was the invariable 
use of flattened bulbs instead of spherical ones sometimes employed 
for holding the liquid. This was especially important because of the 
considerable compressibility of the octanes; for flattened bulbs are much 
more flexible than spherical ones, and the danger of their breaking when 
the bomb is charged with gas is much less. 

With the octanes, as with benzene, whenever the bulb broke previous 
to the combustion, the burning was never complete. Each of these 
octanes has a characteristic odor and the presence or absence of any smell 
in the gases after combustion formed a very delicate test of the com- 
pleteness of the combustion. Whenever the bulb did not break prema- 
turely, the combustion was always complete. 

The effect of the amount of nitrogen present in the bomb was tested 
1 This substance has not been described in full by Dr. Clarke. • 
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in the case of one octane (diisobutyl). Since combustions in which the 
concentration of the nitrogen exceeded 6 per cent, gave results identical 
with those with only 2 per cent., it was not thought necessary in the other 
cases to evacuate the bomb before running in the oxygen. The table 
following gives the rise per gram of octane in the same calorimetric 
system as that used in the final experiments with benzene. For the last 
three compounds given in the table the newer form of jacketing apparatus 
was used. The somewhat increased air space around the calorimeter 
can involve the heating of more air, but this amount in a system whose 
heat capacity is nearly 3800 calories is entirely negligible. 


Data Concerning Heat of Combustion of Octanes. 
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0 4723 

0.1903 

I 6 55 ° 

~~0 201° 

— 0 018 

0 I. 436° 

3 - 040° 

24 

octane 


0 49 i 5 

0.1933 

I.718 

— O 204 

— 0.019 

1-495 

3.042 









Average, 

3-041 

25 

Diisobutyl 

B 

0 6112 

0 1521 

2.034 

— O 160 

— 0.018 

1.856 

3.036 

26 


B 

0 6293 

0.1045 

2 . 040 

— O IIO 

- 0.018 

1 912 

3-038 

27 


A 

0.5298 

0 1395 

i 773 

— 0 147 

— 0.018 

1 608 

3-035 

28 


B 

0-5939 

0.1381 

1-974 

-0.145 

— 0.016 

1 813 

[3-054'] 

29 


A 

0 4944 

0.1273 

1.656 

*~o 134 

— 0.020 

1.502 

3 038 

30 


B 

0 6606 

0 1966 

2.234 

— 0.207 

— 0 020 

2 .007 

3-°38 









Average, 

3 037' 

31 

2 -Methyl- 


0 4340 

0.2475 

1-599 

— 0 261 

—0.018 

1 320 

3 041 

32 

heptane 


0-3439 

0.2100 

1.286 

— 0 221 

— 0.017 

1 .048 

3 047 









Average, 

3-044 

33 

3,4-Methyl 


0.4283 

0.2940 

1.628 

— O 3IO 

0.018 

1300 

3-035 

34 

hexane. 


0 4681 

0.2478 

1 702 

“-O.261 

— 0.018 

i 423 

3.040 









Average, 

3038 

35 

3-Ethyl hexane. 

0.3720 

0.1428 

1.296 

-0.150 

-0.017 

1.129 

3-035 


Experiment 28 is 0.6 per cent, higher than the values for the other experi- 
ments, an amount very much greater than can be explained by ordinary experimental 
error. It is included in the table, because no fault was found in it adequate to ac- 
count for this discrepancy. The error was probably caused by a mistake in reading 
one of the thermometers. A single division of the scale (the hundredth of a degree) 
would have caused the error in question, and every one knows how easy it is to make 
such a mistake as this. Because of the consistent verdict of the other five experi- 
ments, we have not included the result of Experiment 28 in the average. Those who 
wish to retain it will use 3.040° as the average rise caused by a gram of diisobutyl 
instead of 3 .037°, as given above. * 
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No completed determinations are omitted from the table; all are given 
which were actually carried out, except those in which the bulb was known 
to have burst prematurely. 

Thus the rises of temperature in our calorimetric system caused by the 
combustion of the five octanes, namely, the isomeric compounds, normal 
octane, diisobutyl, 2-methyl heptane, 3, 4-dimethyl hexane, and 3-ethyl 
hexane, were found to be respectively, per gram of liquid, 3 041, 3.037, 
3.044, 3 038, and 3 035. The differences are small, but seem to be 
really significant, because they are distinctly gieater than the variations 
among the individual experiments on any one substance* 

In order to express these lesults in terms of gram -molecules, it is neces- 
sary to compare these rises of temperature with those produced by a gram 
of sugar in order to transform the values into terms of energy. The fol- 
lowing table contains these comparisons and gives in the first column 
the name of the substance, in the second column the rise in our system 
per gram as given above, in the third column these numbers divided *by 
1.0539 (the rise of temperature caused b) a gram of sugar in the same 
system), in the fourth column the numbers in the third column multi- 
plied by 16.545, in th e fifth column these numbers multiplied by the 
gram-molecular weight, giving the heat of combustion of 1 mole in kilo 
joules, and in the last column the same data expressed in terms of calo- 
ries. 

In calculating these results, the molecular weight of the several octanes 
is taken as iio.n and the equivalent of one joule is taken as o 2393 
calorie, the value based upon the work of Callendar and Barnes for the 
19 0 calorie, the range o vet which our experiments were carried out: 

Heats or Combustion of Five Isomeric Octanes. 

(In constant volume, measured at 20°) 



Rise 

Ratio 

Heat from 

1 gram of 

Heat of 
combustion 

Heat of 
combustion 


pei 

octane 

hydrocarbon 

(Kilojoules). 

of 1 mole in 

of 1 mole 


gram 

to sugar 

kilojoules 

m calories 

Normal octane . . 

3 041° 

2 885 

47 73 

5256 

1257 

2,5-Dimethyl hexane 

3 037 

2 882 

47.68 

5250 

1256 

2 Methyl heptane. 

3-044 

2 888 

47 78 

5261 

1258 

3,4-Dimethyl hexane 

3-038 

2.883 

47-70 

5252 

1256 

3-Ethyl hexane 

3-035 

2 880 

47 65 

5247 

1255 


The five octanes thus have similar heats of combustion, ranging from 
5,247 to 5,261 kilojoules, or a range of about one-quarter of 1 per cent 
Of the five measured, 3-ethyl hexane has the lowest heat of combustion 
and 2-methyl heptane the highest. As far as has been discovered by a 
search into the literature of the subject, no one else has ever determined 
the heats of combustion of these substances. The differences observed 
above may represent real differences between the respective energy con- 
tents of the five substances; but because only small quantities were avail- 
able for individual experiments on account of lack of material, the mr 



HlUtS OF COMfcUSfrION OF OCtANES AND &Ytr£NgS. 29$ 

certainties of the averages are greater than in the case of benzene. This 
is especially true with regard to 3-ethyl hexane, of which only one deter- 
mination was made. Nevertheless it is clear that these isomers are very 
near together in their heats of combustion, the deviation from the mean 
value, 5,253 kilojoules, being less than 10 kilojoules on each side, or less 
than 0.15 per cent. The significance of the figures will be considered 
later in the summary of all the results. 

The Heat of Combustion of the Xylenes. 

The only determinations of the heats of combustion of xylenes that 
have been made before this research was begun were those of Stohmann. 1 
He was far from satisfied with the purity of his material, some of which 
he prepared himself, while part was obtained from the most reliable 
commercial sources. He neglected in his paper to give boiling points or 
any other data which might indicate the degree of purity. The combus- 
tions themselves were probably more reliable than those of the more 
volatile hydrocarbons, because of the higher boiling point and less evap- 
oration before combustion, but evidently the figures need thorough 
revision. 

The preparation of pure xylene is by no means an easy matter, as is 
so often the case with organic compounds. The original material used 
for the following determinations was the best that Kahlbaurn could fur- 
nish. The samples had been many times carefully fractionated by elec- 
trical distillation in the course of the previous work. 2 Just before being 
used in the present work the specimens were dried over anhydrous cop- 
per sulphate and again distilled. The boiling points, corrected for the 
projecting thread of the thermometer, were found to be in excellent ac- 
cord with those found in previous investigations. The following table 
records these boiling points with the pressures in parentheses, as well as 
the boiling points given by Schiff 8 and Perkin. 4 SchifTs readings, like 
ours, were corrected for the protruding column. In Perkin's the ther- 
mometer was wholly immersed in the vapor. 


Boiung Points op Xyi<bnb. 

Richards and Jesse. Schiff. Perkins. 

Orthoxylene i43.9°-i44.2° (763) 141.1 0 (756.2) 142. 6° (760) 

Metaxylene i38.8°-i39.2° (761) 139-2° (759-*) 139-3° (760) 

Paraxylene i37.8°-i38.i° (754) 138.1° (761.2) 137-5° (760) 


About the boiling piont of orthoxylene there seems to be some doubt, 
the values ranging from 141° to 144°. Neither Schiff’s nor Perkin’s 

1 J. prakt. Chem., 35, 40 (1887). 

* Z. pkysik. Chem., 61, 449 (1908); This Journal, 30, 8 (1908). 

* Ann., 320, 92; 223, 66 - 

* J. Chem. Soc., 69. 1249 (1896). 
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values agree very well with the present experience, but Woringer 1 has 
found 143*7°, a value not far from ours. 

These substances were burned in the calorimetric bomb under exactly 
the same conditions as those used in the case of the octanes. Two of 
the determinations were vitiated by the premature bursting of the bulb 
containing the liquid. The experiment was nevertheless continued, 
to see what would happen, arid in these cases a noticeable odor, resembling 
that of bitter almonds, could be detected afterwards. These, of course, 
were rejected. In all of the cases excepting the first combustion of 
paraxylene, the amount of nitrogen present in the oxygen was only two 
per cent. In this single case it was 6 per cent., but this difference caused 
no diminution in the heat of combustion. Therefore it is safe to assume 
that in all the cases the combustion was complete, especially as no odor 
or sign of deposited carbon was visible in any case. Only in two cases, 
the first combustion with metaxylene and the first combustion with para- 
xylene, was enough nitric acid formed to cause 0.001 0 change in tpe 
temperature. In these two cases this correction has been added to the 
correction for the iron wire burned. The stirring correction was in each 
case 0.002°, this also has been included with the other. The thermome- 
ter numbered B was used in all these determinations: 

Table — Data for Heat cf Combustion of Xylenes. 
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0.7429 

O.3276 

2 .402 
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— 0.016 

2 .041 

2.747 

38 


0.7307 

O.2528 

2.288 

— 0.266 

— 0.016 

2 .006 

2*745 







Average, 

2-745 

39 

Metaxylene. . . 

. 0.6S71 

0.2534 

2 . 171 

— O.267 

— 0.018 

1.886 

2.745 

40 


0.7019 

0.2008 

2.156 

— 0.212 

— 0.016 

1.928 

2-747 

4 i 


0.6828 

O.3314 

2 . 238 

0-349 

0.016 

1875 

2-743 







Average, 

2*745 

42 

Paraxylene — 

• o -5955 

O.319O 

I 985 

—O.336 

— 0.018 

3 631 

2 739 

43 


0 . 6980 

O.2786 

2 .22 0 

— O . 294 

— 0 016 

I .9IO 

2.736 

44 


0.7380 

O.2924 

2.342 

—O.308 

— 0.017 

2.017 

2.733 

45 


0.5871 

0.2260 

1.859 

- — O.238 

— 0.016 

I.605 

2.734 


Average, 2.736° 

Thus a gram of orthoxylene on burning caused a change of tempera- 
ture in our calorimetric system of 2 . 745°; and metaxylene gave precisely 
1 Z . physih * Chem ., 34, 264 (1900). 
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the same quantity, within the range of error of our experiments. On 
the other hand, paraxylene evolved slightly less heat, the temperature 
in this case rising only 2 . 736°. 

There follows a table which translates these temperature changes into 
terms of energy, similar to the table already given for the five isomeric 
octanes. In this case, as in the other, the change in temperature pro- 
duced by a gram of sugar is taken at 1.0539 m our system : the energy 
represented by the combustion of 1 gram of sugar as 16 545 kilojoules, 
the large calories as equal to 4 179 kilojoules. The molecular weight 
of xylene is taken as 106.023. 

Heat of Combustion of Three Isomeric Xyeenes. 

(In constant volume, measured at 20 0 .) 



Rise 
of temp 
per gram. 

Ratio of 
xylene 
tosugar. 

Heat from 
i gram of 
hydrocarbon, 
kilojoules. 

Heat of 
combustion 
of 1 mole in 
kilojoules. 

Heat of 
combustion 
of 1 mole 
in calories 

Orthoxylene 

• * 745° 

2 605 

43 100 

4570 O 

1093 5 

Metaxylene 

2.745° 

2.605 

43 • *00 

45700 

IO93 5 

Paraxylene 

... 2.736° 

2 596 

42 951 

4554 0 

1089 . 8 


The orthoxylene and metaxylene give the same molecular heat of com- 
bustion, namely, 4570 kilojoules, or 1093.5 large calories, while the heat 
of combustion of the para compound is 0.35 per cent. less. Stohmann 
found for all three values (reduced to the same standard as those em- 
ployed above) 1084 large calories, or nearly o 9 per cent, lower than our 
value for the ortho- and metaxylenes and more than 0.5 per cent, lower 
than the new value for the paraxylene. This figure is not surprising. 
Stohmann, as has been said, was much dissatisfied with his determina- 
tions, so much indeed that he left the individual experiments unpub- 
lished, contenting himself with giving the averages. His hypothetical 
method of calculating the value from benzene, phenols, etc., need not 
receive serious consideration, although they yield results not far from 
ours. A careful survey of the literature seems to leave no doubt that 
the values given in the above table are by far the most probable of any 
thus far published. 

Theoretical Considerations. 

It is interesting now to bring into a single table the several results for 
the heats of combustion of the various compounds studied in this paper 
with the idea of comparing them and interpreting their variations. To- 
gether with the heats of formation of the several compounds expressed 
in kilojoules there are given below the boiling points of the various com- 
pounds and the approximate latent heats of vaporization. For the xylenes 
these values have been determined by Richards and Mathews in an in- 
vestigation soon to be published; but for all but one of the octanes no 
data are available, and it was necessary accordingly to compute these 
latent heats according to the rule of Trouton. There are given also in 
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the last column of the table several -approximate heats of combustion of 
the substances in a vaporized condition — simply the sum of the quanti- 
ties in the two preceding columns: 

Heats of Combustion of Liquid and of Vaporized Hydrocarbons. 

(In constant volume, determined at 20° ) 

Heats of Approximate 

combustion Approximate heats of com* 
Boiling of liquids heats of bustion of vapors 
points (kilojoules), vaporisation, (kilojoules) 


Benzene 

80 4 0 

3277 

00 

d 

CO 

3308 

Orthoxylene. . ... 

144 1 

4570 

37 5 ‘ 

4607 

Metaxylene 

. 1390 

4570 

36. I* 

4606 

Paraxylene 

. 138.0 

4554 

35 - 6 ' 

4590 

Normal octane 

. 124.5 

5256 

33 8* 

5290 

2,5-Dimethyl hexane. . . . 

108.4 

5250 

32-o± 

5282 

2-Methyl heptane 

n6.o 

5261 

33 °± 

5294 

3,4-Dimethyl hexane . . 

116.2 

5252 

33 o± 

5285 

3-Ethylhexane 

115.0 

5247 

33 °± 

5280 


This table presents several interesting relations, the most important 
of which may be here briefly summarized : * * 

On comparing the heat of combustion of the liquid benzene, 3277, and 
the average heat of combustion of the liquid xylenes, 4565, it is evident 
that the addition of CH 2 causes an increase in the heat of combustion of 
644 kilojoules. This is not far from the number found by Thomsen, 
namely, 671. 8 It probably, more nearly than Thomsen’s value, repre- 
sents the average effect of the addition of CH 3 in a homologous series, 
because in each of his experiments the liquids with higher boiling points 
were increasingly in error because of the increasing heat from his "Uni- 
versal Burner.” Accordingly in his work the differences must have 
been too large. It is evident, nevertheless, that the position of the CH a 
makes an important difference in the result; probably the same value 
is not to be expected from an aromatic series as from an aliphatic series, 
and the values are entirely different when oxygen is present. 

In spite of these qualifications, the conclusion that the following thermo- 
chemical reaction, j 

— CH 2 + 0 2 « CO* + H a O *f 644 kj., 
holds true, at any rate in the case of aromatic substances when burnt in 
constant volume, is the least uncertain of all the theoretical inferences 
which may be drawn from the present work. 

1 Observations by Richards and Mathews, as yet unpublished. 

3 Longuinine, Compt. rend ., 121, 557 (1895). The value computed independently 
by Trouton’s rule for the heat of vaporization of normal octane was 34 instead of the 
value 33.8 found by Longuinine. This close agreement increases one's confidence 
in the other values calculated in the same way. 

* This value is found from Thomsen's results from the aromatic hydrocarbons 
( Tkermochem . Untersuch., 4, 221) by subtracting from the average difference (161,8 
Calories) corresponding to CH a the values 0.6 Calorie for correcting to constant volume, 
and 0,7 Calorie to allow for the difference of latent heat of evaporation caused by 
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Because the heats of combustion of octanes on the average exceed 
those of the xylenes by 688 kilojoules, one might infer that each gram- 
atom of hydrogen in combination with carbon caused an increasing heat 
of Combustion of 172 kilojoules. The addition of four hydrogens to each 
molecule of xylene to make an octane is nevertheless associated with im- 
portant changes in the relations of the carbon atoms to one another, 
and 'these changes may be of considerable thermochcmical effect. Hence 
it is not safe to conclude that a single gram-atom of hydrogen, even when 
united with carbon, will always increase the heat of combustion by 172 
kilojoules, and the futher inference that because CH 2 adds 644 and H 2 
adds 344 a single carbon would cause 300 kilojoules additional heat is 
likewise uncertain. 1 

Enough evidence has been collected to suggest the possibility of find- 
ing yet other interesting and fundamental relations and to make the 
collection of many more figures of the highest accuracy desirable. It 
will be necessary to investigate with the utmost precision a great number 
of typical cases of all kinds, in order to be sure of any generalization. In 
the fulfilment of this program, it is hoped that further careful work of this 
kind may be undertaken at Harvard University in the immediate future. 

In conclusion it is a pleasure to express our indebtedness to the Car- 
negie Institution of Washington for generous pecuniary assistance in 
the prosecution of this work. 

Summary. 

In further prosecution of the revision of thermochemical data, the 
heats of combustion of benzene and a number of octanes and xylenes 
were determined with unusual care. The object in choosing these sub- 
stances was to endeavor to tiace the effect of constitution or arrange- 
ment upon the heats of formation of isomeric substances and thus to ob- 
tain a more definite idea of the relation of total energy change to struc- 
ture. Octanes in particular were chosen because the molecule is large 
enough to admit of considerable variety in the isomeric compounds, 
but not so large as to confuse the relationships. Simplicity in interpre- 
tation is also gained by having only two elements present. The hydro- 
carbons were prepared in a state of great purity by Dr. Latham Clarke, 
according to methods worked out several years ago for this purpose. 
In the execution of this work the adiabatic method of calorimetry was 
used with great success and in general the precautions used in previous 
work of this kind were adopted throughout, with several new improve- 
ments. The volatile liquids were sealed in flexible flattened glass bulbs 
and ignited by means of small weighed quantities of sugar placed above 
the bulb on a glass shelf, the substances both being contained in a very 
small narrow platinum crucible- When conducted in this way, the com* 
bustion was in every case complete; with a wider crucible the combus- 
1 See W, A. Noyes, ‘‘Organic Chemistry,” pp. 44, So, 85, 90, and tia. 
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tion was not always complete. The final results showed very satisfac- 
tory agreement among themselves. 

In this way it was found that the heats of combustion Of the following 
substances possess relative magnitudes, indicated by* the numbers follow- 
ing the respective names: sugar, i oooo; benzene, 2 5382; orthoxylene, 
2 605; metaxvlene, 2 605; paraxylene, 2 596; normal octane, 2 885; 
diisobutyl, 2 882; 2 methyl heptane, 2 888; 3,4 dimethyl hexane, 2.883; 
3-ethyl hexane, 2 880 If the heat of combustion of sugar is taken 
with Fischer and Wrede as 16 543 kilojoules per gram and O * 16 000 
is taken as the standard of molecular weight, the rnolal heats of combus- 
tion of the nine liquid hydrocarbons (in kilojoules, determined in constant 
volume at 20°) are as follows, respectively: benzene, 3,278; orthoxylene, 
4570; metaxylene, 4570; paraxylene, 4554; normal octane, 5256; diiso- 
butyl, 5250; 2-methyl heptane, 5261; 3,4-diinethyl hexane, 5252; 2-ethvl 
hexane, 5247 kilojoules. The deviations from one another, shown ^y 
the simple isomers, are comparatively small. The addition of CH a in 
aromatic compounds is seen to cause an increase in this heat of combus- 
tion of 644 kilojoules, or 154 Calories. 

The differences between the isomers are so small that an attempt at 
definite explanation of their causes would be premature. Much more 
work of the most precise nature is necessary to afford firm basis for 
theory. It is hoped that this investigation will be continued, and 
that in the near future further data of this kind will be obtained in the 
laboratory of Harvard College, where these researches were made. 


[Contribution prom tub Chemical, Laboratory or Harvard College.] 

A REVISION OF THE ATOMIC WEIGHT OF PHOSPHORUS. 

FIRST PAPER.— THE ANALYSIS OF SILVER PHOSPHATE. 

By Gregory Paul Baxter and Gsinnlll Jones. 

Received January 14, 1910. 

Although phosphorus is one of the best known and most important 
elements, present knowledge concerning its atomic weight is somewhat 
inadequate. The early determinations of this constant by Dulong, 1 
Pelouze, 2 Berzelius, 8 and Jacquelain 4 are widely discrepant and have 
no particular significance. Those by Schrotter, Dumas, van der Platts, 
and Berthdot, on the other hand, all give values not far from 31.0, and 
this value has been selected by the International Committee on Atomic 
Weights. Although these investigations have already been critically 

1 Ann. chim. phys., 2, 149 (1816). 

* Compt. rend., 20, 1053 (*845). 

* behrbueh, 5th Ed., 3, 1188 (1845). 

* Compt. rend., 33, 693 <1851). 
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discussed by Clarke, 1 Brauner, 2 and others, a few of the more important 
sources of error are briefly pointed out here. 

Schrotter, 8 the discoverer of red phosphorus, converted weighed quan- 
tities )pf this substance into phosphorus pentoxide by combustion in a 
stream of oxygen. As the mean of ten determinations which varied 
from 30. 94-31.06, he obtained 31.03 for the atomic weight of phosphorus. 
The oxygen used was slightly moist, as Brauner has pointed out, since, 
although it was dried by phosphorus pentoxide, it was finally passed 
through a tube containing calcium chloride! The phosphorus pentoxide 
formed during the combustion must have retained this small amount of 
water, which would make the atomic weight of phosphorus appear too 
low. Schrotter admits that the combustion was incomplete, and since 
this error would tend to raise the atomic weight of phosphorus, he con- 
cludes that the true value is 31.00 

Dumas* titrated the trichloride of phosphorus against silver after de- 
composing the trichloride with water. Since the sample used did not 
boil at a constant temperature but distilled between 76° and 78°, it 
must have been impure. If it contained oxychloride, as Clarke has 
suggested, the atomic weight of phosphorus would be found too high. 
Dumas overlooked the solubility of silver chloride and therefore used 
the wrong end-point in these titrations. Furthermore, no precautions 
are mentioned either for preventing access of water to the material be- 
fore weighing or for preventing the reduction of the silver salt by the 
phosphorous acid formed in the decomposition of the trichloride with 
water. Recalculated on the basis of the atomic weight of silver as 107.88, 
his five analyses give results which vary between 30.99 and 31.08. The 
average is 31.03. 

Van der Platts r> made two determinations by each of three different 
methods. He obtained the values 30.90 and 30.97 by the precipitation 
of silver from silver sulphate solution with phosphorus. His results 
from the analysis of silver phosphate were 31.08 and 30.95. He gives 
no details of the method of preparing and analyzing this substance, 
merely making the statement: “It is difficult to be sure of the purity 
of this salt.” Finally, by tlH combustion of yellow phosphorus in oxygen 
he obtained the results 30.99 and 30.96. The very meager descriptions 
of these experiments preclude criticism. 

Using Leduc’s data for the densities and compressibilities of phos- 
phine and oxygen, Daniel Berthelot 0 has calculated, by the method of 

L “A Recalculation of the Atomic Weights,” Smith. Misc. Coll., 1897. 

9 Abegg, “Handb. der anorg. Chem.,” 1907, Vol. Ill, Part 3, p. 366. 

8 Ann. chim. pkys. } [3] 38, 131 (1853). 

4 Ann. Chem . Pharm ., 1x3, 28 (i860). 

• Compt. rend „ too, 52 (1885). 4 

126, 141$ (1898). 



300 


GENERAL, PHYSICAL AND INORGANIC, 


limiting densities, the molecular weight of phosphine to be 34.00 and 
the atomic weight of phosphorus to be 30.98. 

Very recently Gazarian 1 has obtained a considerably lower value for 
the molecular weight of phosphine, 33.93. This value was calculated 
from the experimentally determined weight of the standard liter py the 
four methods of molecular volumes (Xeduc), limiting densities (Berthe- 
lot), critical constants (Guye), and “ indirect ” limiting densities (Iferthe- 
lot). The different methods give essentially identical results, except in 
the case of the direct method of limiting densities. By the latter method 
a value six-hundredths of a unit higher is obtained, but Gazarian rejects 
the result on the basis of inaccurate knowledge of the compressibility of 
phosphine. It is highly desirable to obtain more certain knowledge of 
the compressibility of phosphine, since the method of limiting densities 
is the most reliable of all the methods for applying the correction to the 
densities made necessary by deviations from the laws of a perfect gas. 

The other methods are burdened with arbitrary assumptions # an<} 
empirical constants, and furthermore Baum6 2 has shown that both the 
method of molecular volumes and the method of critical constants give 


correct results only with gases for which the ratio J ‘ is nearly 1, whereas 

4 * c 

for phosphine this ratio is 1.26. 

If the molecular weight of phosphine be assumed to be 33.93, the 
atomic weight of phosphorus is 30.91. In the s light of this low result 
it is unfortunate that Gazarian prepared phosphine by only one method, 
and that he did not determine the purity of the gas, t. e. y by absorption. 
Gazarian used the method of Matignon and Trannoy 8 which consists 
in heating calcium phosphate and aluminium together until they react, 
and then treating the product of this reaction without further purifica- 
tion with water in a gas generator. Matignon and Trannoy show that 
the gas prepared in this way by them contained about 3 per cent, of 
hydrogen, probably derived from calcium contained by the phosphide. 
In this case some calcium nitride would be formed, since the phosphide 
was made in air, and this would produce ammonia as an impurity in the 
phosphine. Although the gas was purified by fractional distillation, 
according to Gazarian's statements hydrogen is difficult to eliminate, 
and a proportion of only four-tenth^ of 1 per cent, would be sufficient to 
lower the atomic weight of phosphorus one-tenth of a unit. Ammonia 
would be even more difficult to remove, since its boiling point is only 
50° higher than that of phosphine. The effect of a given percentage of 
impurity is, however, much less with ammonia than with hydrogen, 
although in the same direction. 


* /. phys ,, % 337 (1909). 

* Baum#, /♦ ckim . phys„ 6 , 76 and 86 {1908). 

* Gmj & •, 1481 167 (2909). 
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From the preceding brief summary it is evident that the uncertainty 
in the atomic weight of phosphorus is as great as one-tenth of a unit, 
and that, as Brauner remarks at the conclusion of his review of the sub- 
ject, “a revision of the atomic weight of phosphorus with modern means 
is urgently necessary/’ 

The analysis of silver phosphate was selected as one of the most promis- 
ing methods of attacking the problem, since the per cent, of silver can be 
determined exactly by a method which has been carefully studied, espe- 
cially in this laboratory. The accuracy of the result will therefore depend 
primarily upon the success attained in preparing silver phosphate in a 
perfectly definite and pure state. The greater part of the following 
research was devoted to the solution of this problem, which van der 
Platts found so difficult. 

The analysis of the halogen compounds of phosphorus offers certain 
difficulties, owing to the ease with which these substances are decom- 
posed by water, and to the necessity for oxidizing the phosphorous acid 
resulting from the decomposition of the halogen compounds with water 
before the addition of silver nitrate. An investigation upon the tri- 
bromide of phosphorus is now in progress in this laboratory. Phos- 
phonium compounds were found utterly unsuited for exact analysis on 
account of their instability. 

Purification of Materials. 

Water . — All the water used in this research was made from the labora- 
tory supply of distilled water by distillation, first from an alkaline per- 
manganate solution, and then, after the addition of a trace of sulphuric 
acid, through a block-tin condenser. 

Ammonia . — The best commercial ammonia was distilled into the 
purest water. 

Nitric Acid . — The best commercial concentrated acid was twice frac- 
tionally distilled through a platinum condenser, with the rejection of the 
first third of the distillate. Every sample was shown to be free from 
chloride by careful nephelometric tests. 

Hydrochloric Acid . — The best commerical C. P. acid, diluted with an 
equal volume of water, was distilled through a platinum condenser. 

Hydrobromic Acid . — This substance was prepared in conjunction with 
Mr. F. B. Coffin, who was engaged in a parallel research upon the atomic 
weight of arsenic . 1 Commercial bromine was converted into potassium 
bromide by addition to recrystallized potassium oxalate. In a con- 
centrated solution of this bromide, in a distilling flask cooled with ice, 
bromine was dissolved, and distilled from the solution into a flask cooled 
with ice. A portion of the purified bromine was then converted into 
potassium bromide with pure potassium oxalate as before, and the re-* 
1 Baxter and Coffin, This Journal, 31, *97 (1909)* 
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mainder of the bromine was distilled from solution in this pure potassium 
bromide. The product obtained was thus twice distilled from a bromide, 
the bromide in the second distillation being essentially free from chlorine. 
This treatment has already been proved sufficient to free bromine from 
chlorine. 1 

Hydrobromic acid was synthesized from the pure bromine by bub- 
bling hydrogen gas (made by the action of water on “liydrone”) through 
the bromine warmed to 40-44° and passing the mixed gases over hot 
platinized asbestos in a glass tube. The apparatus was constructed 
wholly of glass. The hydrogen was cleansed by being passed through 
two wash-bottles containing dilute sulphuric acid, and through a tower 
filled with beads also moistened with dilute sulphuric acid. The hydro- 
bromic acid gas was absorbed in pure water contained in a cooled flask. 
In order to remove iodine the solution of hydrobromic acid was diluted 
with water and twice boiled with a small quantity of free bromine. Tfien^ 
a small quantity of recrystallized potassium permanganate was added to 
the hydrobromic acid solution, and the bromine set free was expelled by 
boiling. Finally the acid was distilled with the use of a quartz condenser, 
the first third being rejected. It was preserved in a bottle of Nonsol 
glass provided with a ground-glass stopper. 

The purity of the hydrobromic acid was tested by a quantitative syn- 
thesis of silver bromide. The silver used, which was kindly furnished 
by Mr. G. S. Tilley, had been prepared with all the necessary precautions 
for work on the atomic weights of silver and iodine. 2 The procedure 
used by Baxter 1 for the synthesis of silver bromide from a weighed amount 
of silver was followed in detail. In this experiment 6.02386 grams of 
silver yielded 10.48627 grams of silver bromide; hence, silver bromide 
contains 57.4452 per cent, of silver, while Baxter found as the mean of 
18 determinations 57.4453 per cent. The hydrobromic acid was evi- 
dently pure. 

Silver Nitrate . — Crude silver nitrate was reduced with ammonium 
formate, made by passing ammonia gas into redistilled formic acid. 
The reduced silver was washed with the purest water, until the wash- 
waters no longer gave a test for ammonia with Nessler's reagent, and 
was fused on sugar charcoal. The* buttons were then scrubbedfwith 
sea-sand and thoroughly cleansed with ammonia and nitric acid.t&hey 
were then dissolved in redistilled nitric acid, in a platinum dish/ After 
the silver nitrate solution had been evaporated on a steam bath until 
saturated, an equal volume of redistilled nitric acid was added and the 
solution was cooled. The precipitated silver nitrate was very completely 
drained in a centrifugal machine, provided with platinum Gooch crucibles 

*$axter, Journal, *8, 1322 (1906). 

*u*<i Tffley* ibid., 32, 201 (1909). 
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to retain the salt. 1 A similar recrystallization followed. The final 
product was preserved in Jena glass vessels under a bell-jar. 

Disodium Phosphate . — One kilogram of Merck’s best disodium phos- 
phate was dissolved in hot water in a porcelain dish and hydrogen sul- 
phide passed into the solution for several hours. After standing for 
twenty-four hours, the solution was again heated, saturated with hydro- 
gen sulphide and filtered. The filtrate was slightly green, owing to the 
presence of iron. The solution was boiled to expel the hydrogen sulphide 
and a small amount of green precipitate filtered out. The filtrate was still 
distinctly green. The sodium phosphate was then crystallized fifteen 
times, five times in porcelain with centrifugal drainage of the crystals 
in a large porcelain centrifugal machine, ten times in platinum vessels 
with centrifugal drainage of the crystals in platinum Gooch crucibles. 
The green color concentrated in the first mother liquor. 

When tested by means of the Marsh test, this material was found to 
contain only a mere trace of arsenic, which was estimated to be 0.01 
mg. in 10 grams of the salt. This small amount could have no effect 
on the analytical results, especially since the percentage of silver in silver 
arsenate is nearly the same as in silver phosphate. By means of the 
nephelometer it was proved that this material contained no chloride 
or other substances which could be precipitated by silver nitrate in the 
presence of dilute nitric acid. 

Sodium Ammonium Hydrogen Phosphate . — The best commercial micro- 
cosmic salt was recrystallized four times in platinum vessels. It was 
tested for arsenic by Marsh’s method with negative results and gave no 
opalescence visible in the nephelometer when tested with silver nitrate 
and dilute nitric acid. 

Preparation of Trisilver Phosphate. 

Silver phosphate was prepared by mixing dilute solutions of silver 
nitrate with solutions of sodium and ammonium phosphates. Since it 
is not feasible to purify silver phosphate by recrystallization, the con- 
ditions of precipitation must be so chosen that a pure product will be 
obtained at once. 

In order to avoid inclusion and occlusion of silver nitrate, sodium 
nitrate, sodium phosphate, or mono- or disilver phosphate, all of the 
solutions for precipitation were made about 0.03 N. All samples after 
precipitation were thoroughly washed and allowed to stand in water for 
at least twenty-four hours, in order to convert occluded acid phosphates 
into trisilver phosphate. Qualitative tests for nitrate with diphenyl- 
amine and for sodium by the spectroscope showed that all of the first 
three substances named could be completely washed out. 

1 Easter, This Journal, 30, 286 (1908). * 
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Joly 1 states that disilver phosphate is stable in the presence of phos- 
phoric add containing 40 per cent. (11.8 N) of phosphoric anhydride, 
but is transformed into trisilver phosphate if the acid contains 38 per 
cent (n.oiV) or less phosphoric anhydride. Since all the solutions 
used for the preparation of silver phosphate were nearly neutral, it is 
evident that the precipitation of disilver phosphate as a distinct phase 
in equilibrium with the solution is not to be feared. 

It is, however, not such a simple matter to prove the absence of occluded 
disilver hydrogen phosphate o t monosilver hydrogen phosphate. Much 
light is thrown on this point in a recent paper by Abbott and Bray 2 upon 
the dissociation constants of the three hydrogens of phosphoric add, 
which were found to be x.i X io“ ? , 1.95 X io~ 7 and 3.6 X io~ 13 re- 
spectively. Since phosphate ion (P 0 4 *“) is almost completely hydrolyzed 
to monohydrophosphate ion (HP 0 4 ~), even in slightly alkaline solutions, 
and since in slightly acid solutions dihydrophosphate ion (H 2 P 0 4 ~) acquires 
an appreciable concentration, the possibility of occlusion must be ex- 
amined with special care. 

The concentrations in the following table are either taken directly 
from a table given by Abbott and Bray or calculated from these num- 
bers with the help of the values of the dissociation constants of phos- 
phoric acid. The values are expressed in formular weights per liter, 
the total concentration of the salt being in each case 0.05. 


% NaNH 4 HP0 4 . Na 2 NH*PQ 4 . 

H 8 P 0 4 “ 0.001184* o .000002* 

HP 0 4 ~. 0.03265* 003219* 

P0 4 = 0.0000016 4 0.001123* 

OH“ 0.00000079* 0.000502* 

H + 0.0000000075 4 o 000000000012 4 


It will be noted that the replacement of the remaining hydrogen in 
sodium ammonium hydrogen phosphate by sodium decreases the concen- 
tration of the hydrogen ion to 0.16 per cent, of its value in the microcosmic 
salt solution and decreases the concentration of dihydrophosphate ion 
to 0.2 per cent, of its former value. The concentration of monohydro- 
phosphate ion remains essentially unchanged, while the concentration 
of phosphate ion is increased seven hundred times. Disodium phosphate 
doubtless takes a position intermediate between the other two solutions 


1 CompU rend ., 103, 1071 (1886). 

* 'This Journal, 31, 755 (1909). 

* These values are taken directly from the table of Abbott and Bray. 

4 These values are calculated from the others in the above table by the aid of the 
following equations: 


<H+)(?or) 

(upon 


(H+)(OH~) - 0.59 X 10-* 


3.6 X 10 — *5 


(H+XHPOD 

(H.POD 


1*95 X lo"* 7 
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In this regard, since it is more alkaline than microcosmic salt and less 
so than disodium ammonium phosphate. The numbers given above 
refer to solutions which are five times as strong as those used in this 
research, but the conditions in the more dilute solutions must be very 
similar. Furthermore, the exact values have no great importance, as 
the concentrations of the various ions change continuously during pre- 
cipitation. It is evident from the figures given above and from the 
value of the dissociation constant of the second hydrogen of phosphoric 
acid that if the concentration of hydrogen ion increases above its value 
in a microcosmic salt solution, the concentration of dihydrophosphate 
ion must increase greatly at the expense of monohydrophosphate ion. 
If there is any tendency for the occlusion of disilver hydrogen phosphate 
or monosilver hydrogen phosphate, the amounts of these salts occluded 
would be expected to depend on the concentration of the undissociated 
molecules of these salts in the solution, and therefore on the concentra- 
tion of silver ion and on the concentration of monohydrophosphate or 
dihydrophosphate ion respectively. 

The exact concentrations of the ions during the precipitation cannot 
be calculated, since the solubility of silver phosphate in slightly acid 
solutions and the solubility-product of silver phosphate are not known. 
It is, however, easy to understand from a study of the conditions under 
which the various samples of silver phosphate were precipitated, that 
these concentrations must have varied greatly in the preparation of the 
different samples and therefore constancy of composition gives a strong 
presumption that there is very little or no tendency for the occlusion 
of the undesired acid salts. 

Samples N and O . — A 0.03 normal solution of silver nitrate was slowly 
poured into a 0.03 normal solution of disodium hydrogen phosphate 
with frequent shaking. This reaction may be roughly considered to 
take place in two stages represented by the equations: 

3 AgNO, 4- 2 Na 2 HPO i - Ag 3 P0 4 + NaH 2 P0 4 + 3 NaN0 3 
3 AgNO a + NaH 2 P0 4 - Ag 8 P0 4 + NaN0 8 + HN0 8 

At the beginning of the precipitation the solution is very slightly alkaline 
and remains very nearly neutral during the addition of the first half of 
the silver nitrate. The concentration of the silver ion is kept very low 
by the excess of phosphate and, therefore, little occlusion of the acid 
salts is to be expected in spite of the fact that the solution contains ap- 
preciable concentrations of the monohydrophosphate and dihydrophos- 
phate' ions. The precipitate during this stage is very finely divided and 
does not settle well and, therefore, no attempt was made to collect it 
separately. 

During the addition of the second half of the silver nitrate the solution 
becomes slightly acid and the solubility of the silver phosphate increases 
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rapidly. The precipitate settles readily. During the second stage the 
conditions are more favorable for the occlusion of the acid phosphate, 
but only a small amount of silver phosphate is precipitated during this 
stage. 

After standing a short time the mother liquor was decanted from 
the precipitate, and exactly the calculated amount of redistilled ammonia, 
diluted to one liter, was added to neutralize the excess of acid and com- 
plete the precipitation. Since this sample was evidently produced 
from a solution which was slightly acid at the beginning of the precipita- 
tion, although very nearly neutral at the end, and since it contained a 
considerable amount of silver, the conditions were favorable for the 
formation of acid salts. 

Both precipitates were transferred to a large platinum dish and washed 
many times by decantation with the purest water. This washing was 
prolonged over more than twenty-four hours in order to give time for all 
soluble matter to be leached out. When the precipitates were tested*for„ 
nitrate with diphenylamine, negative results were obtained. Sodium 
was found to be absent by spectroscopic te.sts The precipitates were 
drained as far as possible in a platinum centrifugal machine, and "the 
drying was completed by heating in platinum crucibles in an electric 
air bath for several hours, first at 90° and finally at about 130°. The 
dried lumps of silver phosphate were then gently ground in an agate 
mortar. The samples were preserved in platinum crucibles over sul- 
phuric acid in the dark. All of the operations were performed in a dark 
room. 

The sample prepared by pouring silver nitrate into disodium phos- 
phate is designated Sample N, and the sample prepared by adding ammo- 
nia to the mother liquors is designated Sample O. 

Sample P — A 0.03 normal solution of disodium ammonium phos- 
phate was prepared by dissolving a weighed amount of disodium hydro- 
gen phosphate and then adding the calculated amount of redistilled 
ammonia. The solution was then slowly poured into a 0.03 normal 
solution of silver nitrate. By this method of precipitation the solu- 
tion is maintained as nearly neutral as is possible, because the excess 
of silver prevents the concentration of phosphate ' in solution from ex- 
ceeding a very small value, so that neither can the solution become alkaline 
by hydrolysis nor can the concentration of hydrophosphate attain an 
appreciable value. The absence of the hydrophosphate ions would be 
expected to prevent the' formation and occlusion of acid silver phosphate 
in this sample, whereas in Sample N the same result is probably brought 
abq^t by the absence of the silver ion. Unfortunately both of these 
favorable conditions cannot be combined in one precipitation, as will be 
shown later. This precipitate settled readily. The washing, testing, 
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and drying were carried out as already described for Samples N and O. 
Thi^ sample is designated Sample P. 

Sample R . — A 0.03 normal solution of sodium ammonium hydrogen 
phosphate was slowly poured into a similar solution of an equivalent 
amouht of silver nitrate. Under these conditions the solution contains 
an excess of silver, which tends to produce occlusion of acid phosphates, 
since the solution becomes more and more acid as the precipitation pro- 
ceeds, and as the precipitation is therefore far from complete, the con- 
centrations of the two hydrophosphate ions gradually approach a very 
considerable value. At no stage could the solution become alkaline 
by hydrolysis. Il should be noticed that the procedure differs from 
that used in preparing Sample N in that the precipitate is formed in the 
presence of ail excess of silver nitrate instead of an excess of phosphate, 
and that this difference in the method of mixing greatly changes the con- 
ditions of precipitation. 

The piecipitate, which was designated Sample R, coagulated and 
settled quite readily. The washing and dry mg were completed as usual. 

It will be shown that samples of silver phosphate prepared under these 
various conditions have nearly, if not exactly, the same composition. 
Further proof of the absence of acid phosphate in these samples is given 
by experiments to be described later which show that no water is given 
off when this material is fused. 

An attempt to prepare a sample by pouring silver nitrate into disodium 
ammonium phosphate yielded unsatisfactory results. Since the di- 
sodium ammonium phosphate solution was alkaline, owing to hydrolysis, 
it contained free ammonia, which prevented the precipitation of silver 
phosphate at first. Nearly one-quarter of the silver nitrate was added 
before a permanent precipitate was produced. At the end of the pre- 
cipitation the solution was of course essentially neutral. Even after stand- 
ing for four days the precipitate had not appreciably settled. Since the 
coagulation of the precipitate seems to occur much more readily in the 
presence of excess of silver, a considerable amount of silver nitrate in solu- 
tion was added. The precipitate coagulated and settled immediately. 
It was washed and dried as usual. This sample was somewhat darker 
in color than the other samples and gave a large amount of insoluble residue 
when treated with dilute nitric acid. The analysis showed that it con- 
tained about two hundredths per cent, too much silver. This method of 
preparation is evidently unsatisfactory. 

Three unsuccessful attempts were made to prepare silver phosphate 
from trisodium phosphate. The samples obtained in this way did not 
appear homogeneous after being dried and contained considerable sodium 
in spite of protracted washing. Two of these samples were found by 
analysis to contain, respectively, 4.4 and 4.1 per cent. ,less silver than 
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pure trisilver phosphate.. The third of these samples was so unsatis- 
factory in appearance and in its behavior during its preparation th^t it 
was not analyzed. This method of preparing silver phosphate is evi- 
dently not suitable for our purpose. Time was lacking to investigate 
further this anomalous behavior. 

Method of Analysis. 

Unfortunately, owing to the high melting point of silver phosphate, 
it was not feasible to fuse the silver phosphate before its analysis in order 
completely to eliminate all water. Instead it was heated in a platinum 
boat, in a current of pure dry air, at a temperature of about 400° for 
seven hours, and then by means of bottling apparatus 1 it was enclosed 
in its weighing-bottle without coming in contact with the moist air of the 
laboratory. During this heating the access of light to the sample was 
prevented. The continuous current of air which passed over the silver 
phosphate during the heating was driven by a water pump successively 
through an Emmerling tower containing beads moistened with silver 
nitrate solution, through a tower containing small pieces of fused caustic 
potash, then through three towers containing beads drenched with^on- 
centrated sulphuric acid, and finally through a long tube containing 
phosphorus pentoxide which had been resublimed in a current of air. 
The hard glass tube containing the platinum boat was surrounded by 
blocks of aluminium 2 which were jacketed with asbestos on the top and 
sides and heated directly from below by a large burner. The platinum 
boat was not attacked in the least, as was shown by the fact that its 
weight remained constant. 

It was feared that in spite of this prolonged heating the silver phos- 
phate still retained a trace of water, but by making the conditions in the 
different experiments as nearly uniform as possible it was hoped that the 
amount of water retained would be constant. Proof will be given later 
that the drying was highly efficient. 

The salt thus prepared for analysis was allowed to stand over night 
in a desiccator covered with a black cloth in the balance room, and was 
then weighed in its glass-stoppered bottle by substitution, with the use of 
another weighing-bottle of very similar surface and volume as a counter- 
poise. 

The balance was a nearly new No. 10 Troemner balance. It was easily 
sensitive to $.02 mg. The weights had already been used in an investiga- 
tion of the ttomic weight of sulphur, 8 and were restandardized with a 
very gratifyirB| result. None of the corrections found differed by as 
much as 0.02 mg. from those found a year before, and only a few by 

1 Richards and Parker, Proc . Amer, Acad,, 32, 59 (1896). 

* Baxter and Coffin, Loc. cii, 

• Richards and Jones, This Journal, 29, 826 (290?)* 
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0.0 1 mg. The balance was provided with a few milligrams of radium 
bromide of radioactivity 10,000 to dispel electrical charges generated 
during the handling of the weighing-bottles with cork-tipped pincers. 

The platinum boat containing the silver phosphate was transferred 
to an Erlenmeyer flask of “non-sol.” glass of one liter capacity and treated 
with about 30 cc. of 5 normal nitric acid. Solution took place rapidly. 
The solution was not perfectly clear, however, owing to a very slight 
insoluble residue which sometimes settled out on standing. The solu- 
tion was then heated on a steam bath until the residue dissolved com- 
pletely. Upon the addition of about one liter of cold water a very slight 
opalescence was produced, which was visible only when the solution was 
carefully examined in a very favorable light. The solution was again 
warmed until it became perfectly clear. The water and nitric acid used 
in these processes did not give an opalescence visible in the nephelometer 
when treated with silver nitrate. The nature of this residue will be 
discussed more in detail after describing the remainder of the analytical 
process. 

About 800 cc. of water were placed in a large glass-stoppered precipita- 
ting flask and a very slight excess of hydrobromic acid was added from a 
burette. The silver phosphate solution was then very carefully poured 
into the hydrobromic acid solution. This method of precipitation gives 
less opportunity for the occlusion of silver phosphate or nitrate than the 
reverse method. The occlusion of hydrobromic acid can do no harm. 
The flask was shaken for twenty minutes and was allowed to stand for 
several days until the precipitate had completely settled. Then the 
precipitate was collected upon a weighed Gooch crucible after many 
rinsings with pure water, In order to protect the mat of the Gooch 
crucible from disintegration, it was covered by a circular disk of thin 
platinum foil, perforated with many small holes. The precipitate was 
dried in an electrically heated air bath for several hours at 90 °, then 
for some time at 130°, and finally for at least eight hours at 180°. After 
the crucible containing the precipitate had been weighed, the silver 
bromide was transferred to a porcelain crucible and the loss on fusion 
determined. The presence of the platinum disk covering the mat makes 
it possible to transfer very nearly all the silver bromide to the porcelain 
crucible without contamination with asbestos and therefore it is un- 
necessary to correct the loss on fusion for the small amount of silver 
bromide which is not fused. The loss on fusion, which represents water 
remaining in the silver bromide, was subtracted from the weight of the 
silver bromide. The asbestos shreds carried away by the wash-waters 
and any silver bromide which may have escaped the Gooch crucible were 
collected by passing the filtrate through a very small filter paper. The 
paper was then burned and the residue, after treatment with a drop of 
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nitric and hydrobromie acids to convert any reduced silver into silver 
bromide, was again gently heated and finally weighed. The weight 
of the asbestos, corrected for the ash of the paper, was added to the 
weight of the silver bromide. In order to determine the soluble silver 
bromide, the filtrate was evaporated until most of the excess of nitric 
acid was driven off. The precipitating flask and all the flasks which had 
held the filtrate were rinsed with strong ammonia and the rinsings added 
to the evaporated wash-water. Enough ammonia was added to make 
the solution alkaline and it was then diluted to 100 cc. in a graduated 
flask. The amount of silver bromide present was determined by com- 
parison in the nephelometer with a very similar solution containing a 
known amount of silver bromide. Both precipitates were dissolved in 
ammonia and reprecipitated at the same time and under precisely similar 
conditions 1 in the nephelometer tubes by a slight excess of nitric acid. 
The amount found in this way was added to the weight of the silver 
bromide. 

In order to determine whether silver phosphate is occluded by silve/ 
chloride, about 6 grams of silver phosphate were dissolved in nitric acid 
and the solution was diluted and poured into an excess of hydrochloric 
acid. After standing until the supernatant liquid was clear, the pre* 
cipitate was washed very thoroughly with water and then dissolved in 
redistilled ammonia. The solution was diluted to one liter and the 
silver chloride was reprecipitated with nitric acid. The precipitate was 
filtered out and the filtrate evaporated in a platinum dish until concen- 
trated. A little sodium carbonate was added and the dish was heated 
to expel all volatile ammonium salts. The residue was dissolved in 
about 3 cc. of water and treated with an excess of ammonium molybdate 
reagent with gentle warming. After standing for three days, not the 
slightest precipitate or yellow color had appeared, showing that no phos- 
.phate had been occluded by the silver chloride. Although not tested 
experimentally, it is reasonable to suppose that silver bromide also does 
not possess the property of occluding appreciable quantities of silver 
phosphate or phosphoric acid. 

Insoluble Residue. 

The presence of a slight residue or opalescence, after dissolving the 
dried silver phosphate in dilute nitric acid, proved the most perplexing 
difficulty which was encountered. The effort to discover the nature of 
this insoluble matter and eliminate it consumed a large part of the time 
devoted to this research. In an effort to make sure that it was not due 
to some unknown impurity, nineteen different samples of silver phos- 
phate were prepared, the source of material, method of purification, 
and precipitation being varied. Disodium phosphate, trisodium phos- 
1 See Richards and Staehler, This Journal, 29, 635 (1907). 
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phatc, and sodium ammonium phosphate were carefully purified and 
converted into silver phosphate under varying conditions without ap- 
preciable effect upon the amount of the residue. Phosphorus oxychloride 
was twice fractionally distilled, converted into phosphoric acid, and 
then into disodium phosphate b\ means of sodium hydroxide made from 
sodium amalgam. The product was crystallized three times. Silver 
phosphate made from this material gave a slight residue, very similar 
to that obtained from the best samples made in other ways. Unfor- 
tunately, it was necessary to reject the analytical results obtained with 
this specimen because it was found to contain a small amount of meta 
phosphate. We did not succeed in preparing a sample of silver phos- 
phate entirely free from the residue. 

In the meantime attention had been devoted to the residue itself. 
The small amount of material available rendered this part of the investiga- 
tion difficult. The silver phosphate, after its precipitation and washing, 
but undried, dissolves in dilute nitric acid, giving a solution which is 
perfectly clear to the naked eye, although some samples gave a barely 
visible opalescence in the neplielometer. The opalescence was much 
too small to have any effect on the analytical results. The dried samples 
invariably gave an opalescence. 

Dry silver phosphate is very slowly darkened in color by the action 
of light. This effect is even more pronounced when silver phosphate 
is exposed to the light in the presence of water. These darkened sam- 
ples gave a much greater residue than the undarkened material. The 
residue was insoluble in ammonia, slowly soluble in dilute nitric acid, 
especially when heated, and readily soluble in strong nitric acid. The 
addition of hydrochloric acid to these nitric acid solutions gave a pre- 
cipitate of silver chloride, while ammonium molybdate indicated the 
presence of phosphate. 

In order to determine whether or not a loss of weight occurs during 
the darkening by light, a sample of silver phosphate was dried and weighed 
as usual and found to weigh 3. 01 901 grams. It was then exposed to the 
direct action of bright sunlight for a day, while contained in a weighing 
bottle which was placed in a desiccator over sulphuric acid. It was found 
to have darkened slightly in color and to weigh 3.01903. The gain of 
0.02 mg. is within the limit of error in the weighing. This sample, when 
treated with dilute nitric acid, gave a much larger residue than usual, 
which weighed 1,8 mg. This is much more residue than was usually 
found in samples containing 4-8 grams of silver phosphate. It is 
estimated that the samples which had been protected from the action of 
light is much as possible, except when unavoidably exposed to diffused 
daylight while being weighed or transferred to the furnace and solution 
flask, contained about one one-hundredth of a per cent of this residue. 
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Two analyses were made of the residue obtained by exposing silver 
phosphate under water to the action of light for several days, then dis- 
solving the excess of silver phosphate in dilute nitric acid and thoroughly 
washing and drying the residue. 0.02674 gram of this residue yielded 
0.03551 gram of silver chloride, which indicates that the residue con- 
tained 99.9 per cent, of silver. In the case of another sample of the 
residue prepared and analyzed in the same way, 0.04320 gram of residue 
yielded 0.05747 gram of silver chloride, which indicates that the residue 
contained 100. 1 per cent, of silver. The mean of the two analyses is 
100.0 per cent, of silver. These analyses prove conclusively that when 
silver phosphate is acted on by light in the presence of water, it is so 
altered (perhaps by the formation of a subphosphate similar to subchlo- 
ride) that when treated with very dilute nitric acid metallic silver remains. 

It does not follow, however, that it would be a correct procedure to 
determine the per cent, of this residue obtained from the samples used 
for analysis and apply a correction on the assumption that the material 
consisted of pure silver phosphate and a small amount of pure silver. 
This procedure would assume that the other product of decomposition 
is eliminated and not weighed. There are two facts which show that 
this assumption would be incorrect. In nearly every analysis, when 
the solution was diluted, after bringing the residue into solution by heat- 
ing on the steam bath, a slight opalescence was produced. Careful 
tests of the water used showed that this opalescence was not due to im- 
purity in the water. It seems probable that the substance which caused 
this opalescence was derived in part from the phosphate radical during 
the decomposition which produced the residue. The other fact is that 
dry silver phosphate does not lose weight when darkened by exposure 
to sunlight, although this treatment increases the amount of residue. 
The conclusion in regard to this residue may be summarized as follows: 
The washed moist silver phosphate was free from residue and contained 
silver and phosphoric acid combined in atomic proportions. During the 
drying and weighing a slight decomposition took place, undoubtedly 
owing in part at least to the action of light. It seems probable that 
during this decomposition no loss in weight took place, and therefore the 
sample contained the proper percentage of silver. When this slightly 
darkened silver phosphate is treated with cold, dilute nitric acid, the 
unchanged silver phosphate and perhaps also a portion of the altered 
material dissolve, leaving a slight opalescence, which in some cases is 
deposited as a very slight residue on standing. This residue is estimaJbd 
to be about 0.01 per cent, of the weight of the silver phosphate. Wmen 
the solution is warmed until perfectly clear, and then diluted, a very 
slight opalescence i% usually produced which could be again cleared up 
by warming the solution. This opalescence is probably caused by .rise' 
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presence of the altered phosphate anion. If this explanation is correct, 
the presence of the residue cannot influence the result, and no correction 
need be applied. Until the exact nature of the decomposition products 
can be determined, there must remain some uncertainty in regard to 
whether or not any correction is necessary. 

The uncertainty from this cause is, however, not very great. Even 
if all the phosphorus and oxygen corresponding to the residue of silver 
are removed before the weighing, the correction- would be only 23 per 
cent, of the weight of the residue. If the residue amounts to 0.01 per 
cent., as has been estimated, the maximum correction would be 0.002 
per cent. If part of the oxygen is lost, but the phosphorus remains, the 
correction would of course be smaller. If there is no loss in weight by the 
action of light on the dry silver phosphate, no correction need be applied. 
From the evidence so far obtained the latter assumption seems rather 
more probable than any of the others, and therefore no correction has 
been applied. 

The Determination of Water in the Dried Silver Phosphate. 

In order to find out how efficient the drying of the silver phosphate 
had been, experiments were made to determine the amount of water 
retained by silvc* phosphate which had been dried for analysis as de- 
scribed above (see page 308). The water was determined by fusing 
the dried phosphate in a current of dry air and collecting the moisture set 
free in a weighed phosphorus pentoxide tube. Since the melting point 
of pure silver phosphate is considerably above the softening point of 
hard glass, it was found advantageous to lower the melting point of the 
phosphate by the use of silver chloride as a flux. 

About 15 grams of silver phosphate were placed in one end of a large 
silver boat and in the other end about 12 grams of previously fused silver 
chloride. The boat was then inserted in a hard glass tube and dried 
under the same conditions as prevailed in preparing the samples for the 
determination of the silver content. After the silver phosphate had 
been heated for seven hours in a current of purified air dried by phos- 
phorus pentoxide, the air passing over the boat in the furnace was con- 
ducted through a weighed U-tube containing resublimed phosphorus 
pentoxide for one-half hour. This was done to make sure that all the 
water which had been liberated from the silver phosphate without fusion 
had been swept out of the apparatus.* In no case was there a gain in 
jweight during this process of more than 0.05 mg., which is about the 
limit of error in weighing the phosphorus pentoxide tubes. The backward 
diffusion of moisture was prevented by a second tube containing pentoxide. 

The carefully weighed phosphorus pentoxide tube was again attached 
to the tube containing the silver boat with its charge of silver phosphate 
and silver chloride. The latter tube was then heated hot enough to 
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fuse the silver chloride, which flowed down to the silver phosphate and 
readily caused the entire charge to fuse completely. The liberated 
water was swept into the phosphorus pentoxide tube by a current of 
dry air for about thirty minutes. The tube was then reweighed to de- 
termine the water evolved by the fusion of silver phosphate. The pent- 
oxide tube was weighed bv substitution for a very similar counterpoise 
tube, one stopcock of each tube being open during the weighing. Be- 
fore being weighed both tubes were wiped with a damp cloth and allowed 
to stand near the balance for at least thirty minutes. 

The following table gives the tesults of these experiments: 


Weight of silver Weight of Per cent. 

Sample phosphate water. of water. 

P 13 .50 0.00012 O 0009 

P 15-64 o 00007 0.0004 

0 1566 0.00005 0.0003 

0 16.62 o 00003 0.0002 


Average, 0.0005 

The amount of water evolved is hardly greater than the, probable 
error in weighing the phosphorus pentoxide tubes, and is less than the 
probable error in determining the amount of silver in the salt. We 
are therefore justified in concluding that the material which was used 
for the determination of silver was essentially free from water and that 
no correction need be applied to the results for inefficient drying. 

This result also furnishes evidence that the samples are free from 
acid phosphates, which, owing to conversion into pyro- or metaphos- 
phate, would evolve water when fused, although it is possible that occluded 
acid phosphates might have been converted into pyro- or metaphos- 
phates during the drying. Sample O, which was prepared under con- 
ditions most favorable for the formation of the acid silver phosphate, 
does not appear to contain more water than Sample P, which was pre- 
pared under conditions which were unfavorable to the formation of acid 
phosphate. Since these two samples, which differed most widely in- their 
method of preparation, showed no difference in the amount of water 
retained, it seemed unnecessary to test the other samples also. Un- 
fortunately this method of detecting acid phosphate is not very sensitive, 
owing to the unfavorable relation of the atomic weights involved-- one 
molecule of water corresponding to a deficiency of two atoms of silver. 

The Specific Gravity of Silver Phosphates. 

In order that the apparent weight of the silver phosphate might be 
corrected to the vacuum standard, the specific gravity of this salt war 
found by determining the weight of toluene displaced by a known quan- 
tity of salt The specific gravity of the toluene at 25 0 referred to water 
at 4 0 was 0.8633. Great care was taken to remove air from the salt 
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when covered with the toluene by warming the pycnometer, then placing 
it in a vacuum desiccator and boiling the toluene under reduced. pres- 


sure. The salt and toluene were mechanically stirred to assist the escape 
of air bubbles. This process was repeated several times. 


Weight of Weight of 

silver phosphate displaced toluene 
in vacuum. in vacuum. 

Grams Grams 


Volume of 
silver phosphate 
ct 


Density of 
silver phosphate. 
*5°/4°. 


* 2-955 
16 042 


3.113 3 606 6.366 

2 205 2.658 6.374 


Mean, 6 . 37 

Therefore the apparent weight of silver phosphate was corrected to the 
vacuum standard by adding 0.0(10044 gram per gram of salt. Similarly 
0.000041 gram was added for every gram of silver bromide. 

The Adsorption of Air by Silver Phosphate. 

Since the silver phosphate was in a vet y finely divided condition and 
since many line powders have the powei of adsorbing appreciable quan- 
tities of air or other gases, the possibility of the adsorption of air by silver 
phosphate was investigated. The method of experimenting and the 
apparatus were. very similar to that used by ttaxtei and Tilley for in- 
vestigating the behavior of iodine pent oxide 

“Two weighing bottles were constructed with long, very well ground 
stoppers which teiminated in stopcocks through which the tubes could 
be exhausted. These tubes were very closely of the same weight and 
very nearly the same internal capacity. The tubes were first exhausted 
and compared in weight by substitution. Next they were filled with 
dry air and again weighed, the weighing being carried out with stop 
cocks open. Both steps were then repeated with essentially the same 
results.” 1 

In these two experiments, when air was admitted, the counterpoise 
gained 0.00028 and 0.00021 gram respectively (average 0.00025) more 
than the tube which was later to contain the silver phosphate. After 
22,69 grams of pure dry silver phosphate had been placed in the lube 
the tube and its counterpoise were exhausted and the difference in weight 
determined. When dry air at 25 0 and 766 mm. was admitted to both 
the tube containing the silver phosphate and the counterpoise, the counter- 
poise gained 0.00443 gram more than the tube. Therefore the air dis- 
placed by the silver phosphate was 0.00443 — 0.00025 « 0.00418 gram. 
Sijice 22.69 grams of silver phosphate of density 6.37 have a volume of 
3.56 cc., the volume of pure air displaced at 25 0 and 766 mm. should 
weigh 0.00425 gram. 2 

1 Baxter and Tilley, This Journal, 31* 2x4 (1909). 

2 Rayleigh's value for the density of air at o° and 760 mm., 1.293 grams per liter, 
if used. Ptw> Roy* Soc. t 53, 147. 
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The experiment was then repeated. After the air had been exhausted 
from ,the tube and its counterpoise, the tube containing the silver phos- 
phate was heated gently. No gas was evolved. The tube and its counter- 
poise were then weighed by substitution. When dry air at 24.5°*and 
767 mm. was admitted to both, the counterpoise gained 0.00445 gram 
more than the tube containing the silver phosphate. Therefore the air 
displaced by the silver phosphate was 0.00445 — 0.00025 = 0.00420 
gram, whereas the weight of air displaced, calculated from the density 
of the salt, is 0.00426 gram. 

The agreement between the experimental results and those calculated 
from the density of silver phosphate on the assumption that no adsorption 
takes place is close enough to show that no significant amount of ad- 
sorption occurs. 

Discussion of the Results. 

The following table contains all of the analyses not vitiated by a )mown 
impurity in the sample or by an accident during the analysis. One 
feature of this table requires further explanation. In Analysis 5 the 
silver was determined by precipitation as chloride instead of bromide. 
For every gram of silver phosphate there was obtained 1.02707 grams of 
silver chloride. Since Baxter found AgBr : AgCl — 1.31017 : i.ooooo, 1 
this analysis indicates that 1 gram of Sample N is equivalent to 1.02704 X 
1.31017 = 1.34560 grams of silver bromide. This result is placed in the 
table for comparison with the other analyses and is used in the com- 
putation of the mean. 
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0 

6.35722 

8.55386 

O.OOO4I 

0.00003 
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8.55419 

» -34559 

3 

N 

5.80244 

7 . 80792 

O OOD29 

0.00005 

0.00007 

7.80819 

1 34567 

4 

N 

5 05845 

6.80658 

O.OOOI9 

0.00020 

0.00012 

6.80685 

1 34564 


N 


(AgCl) 




(AgCl) 



5 

334498 

343514 

O.OOO29 

0.00009 

0.00008 

3*43544 

1.34560 

6 

P 

7 .I 5386 

9.62648 

O.OOO46 

0.00013 

0.00013 

9.62694 

1.34570 

7 

P 

7.20085 

9.68929 

O.OOO23 

0.00005 

0.00010 

9.68947 

» 34560 

8 

R 

6.20182 

8.34466 

O.OOO4I 

0.00027 

0.00012 

8*345*2 

1-34561 

9 

R 

5.20683 

700543 

O.OOO29 

O.OOO4O 

0.00007 

7 .00605 

1,34555 


Average, 1.34562 
Per cent, of Ag in A&P 0 4 , 77,300 

A careful study of these results shows that the composition of silver 

* Tim journal *8, 1322 (1906), 
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phosphate is very nearly, if not quite, independent of the changes in the 
acidity of the solutions from which it is precipitated. Samples O and R 
were prepared under slightly more acid conditions than Samples N and 
P. The average amount of silver bromide obtained from 1 gram of 
Samples O and R is 1.34558 (77.297 per cent, of silver), whereas the 
average from Samples N and P is 1.34564 (77.301 per cent, of silver). 
This difference, if real and significant, is probably due to a very slight 
occlusion of disilver hydrogen phosphate by samples O and R. It does 
not seem probable that any basic salt was present in Samples N and P, 
because silver shows little tendency to form basic salts and the conditions 
of precipitation were not favorable for the formation of basic salts. 

The difference between composition of the samples is so slight, both 
in absolute amount and by comparison with the differences between 
different analyses of the same sample, that in the present state of our 
knowledge it does not seem justifiable to reject the analyses of Samples 
R and O. This conclusion is supported by the fact that the water deter- 
minations failed to show a difference between these samples. The re- 
sults, however, indicate that the average ratio 1.34562 (77.300 per cent, 
of silver) may be slightly too low, owing to the presence of disilver hy- 
drogen phosphate. The ratio 1.34562, assuming the atomic weight of 
silver to be 107.88, and assuming that silver bromide contains 57.4453 
per cent, of silver, leads to an atomic weight of 31.043 for phosphorus, 
whereas the ratio 1.34564 derived from Samples N and P gives the value 
31.037. The rounded-off value, 31.04, may be considered to be essentially 
free from error from this source. With values for the atomic weight of 
silver of 107.87 and 107.86, the atomic weight of phosphorus becomes 
31.03 and 31.02 respectively. 

Owing to the high molecular weight of silver phosphate and to the 
small percentage of phosphorus, a given percentage error in determining 
the ratio of silver bromide to silver phosphate is multiplied over thirteen 
times in the atomic weight of phosphorus. Thus while the extreme 
values for the ratio differ by only a little over one one-hundredth of a 
per cent., the values for the atomic weight of phosphorus differ by fifteen 
hundredths of a per cent., or 0.047. 

We are greatly indebted to the Carnegie Institution of Washington 
for generous pecuniary assistance in pursuing this investigation; also 
to the Cyrus M. Warren Fund for Research in Harvard University for 
many pieces of platinum apparatus. 

Summary. 

1. A careful study has been made of the conditions necessary for the 
preparation of pure trisilver phosphate. 

2, It is found that silver phosphate can be almost completely dried 

without fusion by heating in a current of dry air. * , . * 
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3. The density of silver phosphate is found to be 6.37/ 

4. It is found that silver phosphate does not adsorb a significant amount 
of air. 

5. Nine analyses, made with four different samples, show that 1 gram 
of silver phosphate yields 1.34562 grams of silver bromide, whence the 
per cent, of silver in .silver phosphate is 77.300. 

Therefore, 


If A g 107.88 

p =■- 31.04 

If Ag = 107.87 

q 

t-4 

CO 

II 

If Ag = 107.86 

Cambridge. Mass . November 12, 1909. 

P = 31.02 


THE SOLUBILITY OF GOLD IN NITRIC ACID . 1 

By Frederic P Dewey. g 

Received Decembei 29, 1909 * 

If there is any statement that is firmly established in general chemical 
literature it is that gold is not soluble in any single acid. In theJitera- 
ture of assaying, however, may be found various statements to the effect 
that, in parting gold from silver in assaying, gold may go into solution 
in the nitric acid used. 

Makins 2 boiled a series of samples of parted gold in nitric acid of two 
different strengths and found an increasing loss of gold depending upon 
the amount of boiling, but he did not establish the purity of the acid used, 
nor the presence of gold in the acid after boiling. Neither did he deter- 
mine the amount of silver remaining in his cornets. 

In discussing the causes of loss of gold in making gold bullion assays, 
Rose 3 states that 8 per cent, of the loss is due to the gold going into solu- 
tion in the nitric acid during parting. This statement is apparently 
based upon the author’s own work, but no details are given to explain or 
sustain it. 

Rickets and Miller 4 quote this statement from Rose without comment. 

In his latest book Rose, 5 immediately after the general statement that 
gold is not perceptibly attacked by nitric acid, adds that finely divided 
gold is slightly soluble in boiling nitric acid, but gives no experimental 
data. 

In speaking of the silver remaining in the gold after parting, Lodge* 
says, “If strong nitric acid (1.42 sp. gr.) is used this amount of silver may 

1 Presented by permission of the Director of the Mint. 

* Quarterly Journal Chemical Society > 13, 99 (1861). 

* “Metallurgy of Gold ” p. 479. 

4 “Notes on Assaying,” p. 129. 

! “Precious Metals,” p. 14. 

* “Note* da Assaying,” p. 144. ; 
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be slightly reduced, but the gold will begin to dissolve. ,, However, he 
gives no data upon the subject. 

Hillebrand and Allen, 1 after reviewing various previous statements 
upon the subject, describe their own tests, which tended to show that 
parted gold was slightly soluble in nitric acid. Their results, however, 
are not conclusive, for, while we may assume that reasonable precautions 
were taken to insure the purity of the acid used, these precautions are not 
stated and, while the utmost care was taken to guard against loss by 
float gold, yet invisibly fine particles of gold may have been suspended 
in the acid. It would have been better if the solutions had been filtered 
before evaporation, and if the porcelain dishes containing the residue 
after evaporation had been gently hea f ed with a few drops of aqua regia, 
and a small amount of strong hydrogen sulphide water added, and the 
solution filtered off before the dishes were wiped out with filter paper, 
adding the filter to the wiping paper before cupelling. Again, in testing 
the parting solutions for gold, no tests are given to show the freedom of 
the separated silver from gold. 2 

The chief difficulty militating against the certainty of the results in 
experimenting upon this subject lies in the minute quantities involved 
when only small quantities of gold are employed for the tests. 

For a long time I have been engaged upon an extensive investigation 
into the accuracy of gold bullion assays. A preliminary paper giving the 
figures obtained in comparing many hundred assays was read at the 
Seventh International Congress of Applied Chemistry at London, May 
27 to June 3, 1900, and at the Spokane meeting of the American Institute 
of Mining Engineers. 3 This paper will also be published in the forth- 
coming report of the Director of the Mint for the fiscal year ended June 
30, 1909. 

In following up this matter by an investigation into the conditions 
surrounding and affecting the accuracy of the work of making a gold 
bullion assay, the possible solubility of the gold in the nitric acid during 
parting becomes an important point. My preliminary results were so 
decisive that the work was somewhat extended and it was found easy 
enough to thoroughly demonstrate this solubility when large amounts of 
gold were employed and to dissolve finely divided gold in boiling nitric 
acid of 1.42 sp. gr. with only a small amount of gold. 

A few tests made upon regular assay work will suffice here. The acid 
from parting nine fine gold assays was treated with a very small amount 
of hydrochloric acid, the precipitate filtered off and assayed, yielding 
0,33 mg. of gold. To the filtrate a small amount of lead acetate was 

* Comparison of assays, “Gold Telluride Ores/' Bull. 253, U. S. Geological Survey, p. 
27. 

* Prof. Hillebrand wishes me to state that the acid used by them was 1; x. 

Am, Inst . Mining Eng., August, 1909, p. 705. 



320 GENERAL, PHYSICAL AND INORGANIC. 

added and then sulphuric add. The whole was evaporated to fumes, 
the residue filtered off and assayed, yielding 0,04 mg. of gold. 

The acid from nine coin proof assays was allowed to stand several 
days, when it was filtered and the filter paper was assayed, yielding 0.29 
mg. of gold. To the filtrate a small amount of hydrochloric acid was 
added and the precipitate assayed showing 0.02 mg. of gold. A second 
treatment with hydrochloric acid gave no gold. 

The acid from nine coin proof assays was filtered when nearly cold 
and the filter yielded 0.26 mg. gold. On standing two days and filtering 
again 0.16 mg. of gold were recovered. Treatment of the second filtrate 
with a very slight amount of hydrochloric acid failed to give any more 
gold. 

In our regular assay work we boil the cornets twice in 1 : 1 acid for 10 
min. each time and then in 3 : 2 acid for 10 min. In the next test on nine 
coin proof assays the acids were kept separate. On filtering, whjn cool, 
not cold, Nos. 1 and 2 gave only questionable indications of gold wshile 
No. 3 yielded 0.02 mg. of gold. On standing 3 l / 2 days and filtering, No. 
1 gave no visible gold, No. 2 only the faintest specks, while No. 3 gave 
0.14 mg. of gold. On treating the filtrate with a very slight amount of 
hydrochloric acid, Nos. 1 and 2 gave no gold, but No. 3 gave 0.02 mg. 
gold. On treating the second filtrates with a small amount of hydrogen 
sulphide w^ater ail three samples failed to show gold. 

While these results may appear to be somewhat confused, yet they 
show conclusively that the acid from the parting carries gold, that, while 
the gold is not visible, yet some of it may be removed by filtering and 
that even after standing and filtering again gold may still be recovered 
from the filtered acid. 

This state of affairs might give rise to considerable speculation as to 
just what the action of the acid on the gold might be, but I pass to further 
more elaborate and more conclusive tests. 

As the amounts of gold recovered in the tests upon our regular assay 
work were so small 1 prepared some special melts of metal, approaching 
the composition of our regular assay buttons, but containing differing 
proportions of silver, and loaded the parting basket in one case to its 
utmost capacity. The smali bars were rolled out thin, with frequent 
annealing, cut into strips and put intd the regular cups in the basket. 

The first metal contained about 20 grams of gold, 46 grams of silver, 
a little copper and less lead. This sample was boiled three times for ten 
minutes each in the dilute acid and twice in the stronger acid. A total 
of 1.30 mg. of gold was recovered from the fifth acid. The cornets re- 
maining after this prolonged boiling weighed 20.61 grams and contained 
22.36 mg. silver. 

The nitric add used in the tests so far described was taken from the 
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regular laboratory supply and, while I have no especial reason for doubting 
its integrity, for the next test the acids were especially prepared by treat- 
ing a large conical flask of each strength with a little nitrate of silver 
and allowing them to stand at rest for over a week before using them. 

The second metal consisted of 25.03 grams of cornet gold, 63.7 grams of 
silver, 0.125 gram copper and 0.075 gram lead. This sample was boiled 
four times in the dilute acid and three times in the stronger acid for 
varying lengths of time, arid then given a fifteen-minute boil in the full 
strength of 1.42 sp. gr. acid. The acid from the last boil was colored 
distinctly yellow. After standing four days, the acid from the seventh 
boil, which was 15 minutes in 3 : 2 acid, was filtered and the filter showed 
0.12 mg. of gold, while the filtrate showed 1.48 mg. of gold. 

The gold was then boiled in a tall plain beaker in 1.42 acid from the 
laboratory stock for a full hour, producing about 500 cc. of a yellow 
solution, carrying gold at the rate of 77.2 mg. per liter. 

The gold was then boiled in 1.42 acid from the laboratory stock for two 
hours producing about 600 cc. of a bright yellow solution, carrying gold 
at the rate of 183.3 mg- P er ^ ter * 

The cornets remaining after this drastic treatment weighed 24.83 
grams and carried 6.38 mg. of silver. 

A third metal was prepared from 30 grams of cornet gold, 80 grams 
silver, 0.15 gram copper and 0.08 gram lead, but this was a little more than 
the platinum basket would hold. As this metal contained rather a large 
proportion of silver it was cautiously treated with the dilute (1 : 1) acid to 
remove the silver with only a small amount of disintegration of the gold. 
It was then boiled nearly an hour in the stronger (3 : 2) acid. 

As a quicker and more certain precaution against the possible presence 
of chlorine in the nitric acid, the 1.42 acid next used w r as boiled in the 
beaker at about 120° for about two hours before the introduction of the 
gold, after which the boiling was continued for a trifle over three hours, 
producing nearly 700 cc. of a bright yellow solution, carrying gold at the 
rate of 186.4 mg. per liter. 

The next test was made in the platinum parting apparatus. About 
300 cc. of acid were boiled for an hour, the gold introduced, and the 
boiling continued for another hour. TJiis solution contained 26.69 nig. 
of gold, or about 175 mg. per liter. 

A final crucial test was carried out in the platinum parting apparatus 
with every possible precaution. I personally opened, with the utmost 
care, a fresh bottle of nitric acid of the J, T. Baker Chemical Company’s 
make, bearing the following analysis: 

Specific gravity x .415-* 

Nitric add 69-70 per cent. 

Sulphuric acid None* # , 
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Hyponitrous acid None 

Chlorine 

Iodine “ 

Iron o . 0002 per cent. 

Non-volatile matter o.ooi 

Lot No. 7127. 

The whole platinum boiling apparatus was thoroughly cleaned and 
rinsed out twice with this acid and all the acid used was poured directly 
from the bottle into the platinum. At no time during the test was the 
acid allowed to come into contact with glass after leaving the original 
bottle. 

Some of the acid was boiled about forty-five minutes and the platinum 
basket containing the gold used in the previous test was soaked in* this 
acid about two hours. About 300 cc. of the acid were boiled in the second 
platinum dish 45 m., when the platinum basket containing the gold was 
introduced and the boiling continued. As the joint between the platinum 
dish and the platinum cover is poor there was necessarily considerable 
evaporation of the acid and when the gold began to stick out of the acid 
the boiling was stopped, the gold having been boiled a little' less than two 
hours. 

It is estimated that the solution when cold would have been about 
130 cc., but the hot solution was diluted a little, poured off from some 
small pieces of mechanically separated gold and allowed to stand over 
night. In the morning the cold solution was filtered and the filter caught 
0.66 mg. of gold. The filtered solution showed 86.31 mg. of gold or at 
the rate of over 660 mg. per liter. 

The remaining gold is still in use preparing a strong solution with a 
new lot of acid to be used for some stability tests. On December 27th, 25 
cc. of this solution showed 4.94 mg. of gold. On January 27th, there was a 
slight scum of gold on the surface of the liquid of which 5 cc. showed 4.94 
mg. of gold. . The final weight amounted to 28.724 grams and contained 
3.06 mg. of silver, 0.29 mg. of copper and traces of lead. 

As a further test, proof gold, made with great care at the Philadelphia 
Mint as described by McCaughey, 1 was rolled out very thin and boiled in a 
conical flask for five hours in previously boiled nitric acid from the freshly 
opened bottle of Baker's acid mentioned above. The strip exposed about 
seven square inches of surface to the acid. An accident caused some loss 
of the dissolved gold, but 11.58 mg. were recovered from the solution. 

My personal opinion is that the temperature required to boil 1.42 add 
(120 °) has fully as much, if not more, to do with dissolving the gold than 
the ajrength of acid employed. 

Thl method followed in determining the gold in the Strong solutions 
consisted in evaporating to dryness, digesting gently with a little aqua 
\Thxs Journal, 31, 1262. 



HALIDE BASES OP TANTALUM. 323 

regia, adding a liberal amount of strong hydrogen sulphide water, and, 
after gentle heating, adding some nitrate of silver solution, so that the 
sulphide of gold would be enclosed and protected by the sulphide of 
silver. The sulphides were filtered off, put into a porcelain crucible and 
the filter burned off carefully. The metallic sponge remaining was 
enclosed in a small cornucopia of sheet lead, more silver added and 
cupelled. 

After trying various methods of gathering a little gold out of a solution 
containing much silver, I have come to prefer strong hydrogen sulphide 
water as it is a most excellent precipitan t for the gold and the co-precipitated 
silver protects the gold in the subsequent operations, which are simplified 
for the sulphide precipitate over a chloride of silver precipitate. In 
practice a limited amount of the hydrogen sulphide water is added to the 
solution, which is allowed to stand, with occasional stirring, a day or tw r o, 
before filtering. 

It is a very easy matter to exhibit the solubility of finely divided gold 
in strong nitric acid. By alloying a small piece of gold with 2 1 / 2 ~3 times 
its weight of silver, and dissolving out the silver in diluted nitric acid the 
gold will be left in good condition for such a test. Five minutes’ hard 
boiling in a few cubic centimeters of strong nitric acid, which may have 
been previously boiled if desired, will give a distinctly yellow solution, 
which may be further tested for gold. 

The discussion of the application of these results to the question of gold 
bullion assaying is reserved for a future paper on the general subject of 
the accuracy of such assaying, but I would sav that the practical con- 
clusion of Hillebrand and Allen, 1 that the solubility of the gold in the 
parting acid in ordinary ore assaying is negligible, is undoubtedly sound, 
unless the ores be most unusually rich in gold, but the excessive boiling 
in nitric acid sometimes used by them in their tests might dissolve an 
appreciable amount of gold in very rich ores and even this drastic treat- 
ment is not entirely sure to remove all of the silver, unless more than 
three parts of silver to one of gold were present originally. 

Bureau op the Mint, Washington, D C. 

[Contribution prom the John Harrison Laboratory of Chemistry.] 

HALIDE BASES OF TANTALUM. 

Bv William H. Chapin. 

Received January 17, 1910. 

Preparation of a Lower Bromide of Tantalum from the Pentabromide* 

While attempting to produce a lower bromide of tantalum by reduc- 
tion of the pentabromide in hydrogen, Van Haagen* obtained a small 

1 Loc. cii. 

* Thesis, ‘‘Tantalum and Some of Its Halides/' Univ. of Pa., 1909. & „ 
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amount of a new green compound which he found to possess very remark- 
able properties. It dissolved in water without decomposition, and it 
suffered no change even when its solution was boiled or evaporated in 
the open. In the solid state it was perfectly stable in the air. Moreover 
it possessed remarkable tinctorial powers, a few milligrams being sufficient 
to color several hundred cubic centimeters of water a bright emerald- 
green. Also a piece of silk dipped in its solution afterwards possessed 
a delicate green color which was not removed by washing. With am- 
monia the compound gave a brown hydroxide, which on exposure to the 
air became white. What the structure of the new bromide was Van 
Haagen was not able to determine because of lack of time and material, 
but an analysis attempted on a very small sample pointed to something 
approaching a tribromide. 

A few months later while engaged in the preparation of material for 
further investigation, we noticed the announcement of a new chloride 
of tantalum by Chabrie. 1 The properties of this compound, as d^scri^ed 
by its discoverer, corresponded in almost every detail with those of 
Van Haagen’s bromide. The method of preparation, however, was en- 
tirely different, consisting essentially in the reduction of tantalum* penta- 
chloride in the dry wa> by means of sodium amalgam. Cliabrifc noted 
the crystalline form of his chloride, and also by means of the spectroscope 
proved its identity as a compound of tantalum. Owing to scarcit\ of 
material, however, he, too, gave but a single analysis; but from the results 
obtained believed himself justified in ascribing to the compound the for- 
mula TaCl 2 2H 2 0. 

A method being needed by which to prepare the bromide in larger 
quantity, Chabri&’s announcement was welcome, and upon trial it was 
found that the method could be used with fair success. It finally was 
the only method used, although it was found to yield better results after 
slight modification. The following is an outline of the procedure: One 
part of tantalum pentabromide was mixed with four parts of 3 per cent, 
sodium amalgam, and the mixture quickly introduced into a combustion 
tube of haid glass. The air was then exhausted by means of a water 
pump, and the tube gradually heated, finally to redness. The reduction 
product was allowed to cool completely in a vacuum, and was then re- 
moved and thrown into water acidulated with hydrobromic acid. The 
by-products were filtered off, and the intensely green solution concen- 
trated on the water bath until the acid present finally caused the com- 
pound to separate as a crystalline powder, leaving the supernatant liquid 
of a yellowish color. This powder was removed, washed with hydro- 
bromic acid, and finally dried on a water bath. # 

The ^peld of the green bromide obtained by this method was always 
1 OfHpt. rend., 144, 804 (1907). 
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very slight, averaging only about 15 per cent, of the theory. Altogether 
20 grams were obtained, and to do so 200 grams of the pentabromide 
were used. Just what this means can be appreciated by one who has 
made 200 grams of pure tantalum pentabromide. Fortunately the com- 
pound as first obtained was remarkably pure, and for that reason there 
was no necessity for repeated crystallizations and consequent loss of 
material. 

The by-products mentioned above were important since they repre- 
sented by far the larger part of the tantalum used. They seemed to 
consist of some lower oxide. While wet they were of a brown color, but 
upon drying became gray, and upon strong ignition they became pure 
white, and appeared then to be ordinary tantalum oxide. As will be 
shown later these by-products were turned to good account in establish- 
ing the identity of the bromide. 

Some of the properties of this green bromide have already been men- 
tioned, among them its high coloring power. As evidence of this it might 
be mentioned that a solution containing 1 gram per hundred cubic cen- 
timeters possessed such an intense color that a layer half an inch thick 
w r as perfectly opaque. Examined under the microscope the substance 
was found to consist of beautiful hexagonal crystals. No crystals over 
0.25 mm. in diameter were ever seen, but they were often very brilliant, 
causing the powder to sparkle when placed in the sunlight. As ordinarily 
prepared the compound was black, but if ground down in a mortar it 
became dark green in color. 

Identification of the Bromide as a Compound of Tantalum. 

Although Chabrte had shown his chloride to be a tantalum compound 
it was not thought superfluous to obtain definite proof as to the identity 
of the new bromide. To this end the oxides mentioned above as 41 by- 
products' 1 were collected and converted into the pentabromide. This 
was then reduced by means of sodium amalgam, producing a fresh yield 
of the green bromide, and of course more 01 the “by-products.” The 
latter being collected, the process w r as repeated until finally the residue 
obtained was too small in 'amount to work with. If the bromide w^ere not 
a tantalum compound the yield should have grown smaller each time 
the cycle was repeated, until finally a residue was obtained which would 
not respond to the reaction. No such diminution in the yield was noticed, 
however. 

As further proof of the identity of the new bromide a portion was de- 
composed, and converted into the well-known double fluoride, K 2 TaF r 
The prdluct thus obtained possessed all the characteristic properties 
of this salt; and carefully conducted analyses failed to disclose any differ- 
ence, as the following results will show : 
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K asKjSC^ Found 44.32, Calculated 44.46 per cent. 

TaasTa 8 0 6 Found 56.40, Calculated 56 . 32 per cent 

These results serve to confirm those mentioned in the last paragraph, 
and are to be accounted for only by assuming that we are here dealing 
with a tantalum compound. 

Structure of the Bromide. 

As has already been mentioned Chabrifc regarded his compound as a 
dichloride, TaCl 3 2H a O; and considering the close similarity of the two 
bodies there seemed no reason to doubt that the bromide would be found 
to possess an analogous structure, as represented by the formula 
TaBr 2 2 H 2 0 . However, as the following example will show, the results 
of the analyses did not agree with this supposition: 


J 

Found, 
per cent. 

Calculated, for 
TaBrgzHtO, per cent. 

Ta 

46.60 

48.01 

Br 

48.06 

42.44 * 

H a O 

5 46 

9-55 


IOO. I? 

100*00 ^ 


The methods used for the analyses were very simple. The tantalum 
was precipitated from the boiling solution by means of ammonia, and 
subsequently ignited to the oxide Ta 2 0 6 . For the determination of the 
bromine one of two methods was employed: first, the filtrate from tan- 
talum was acidified with nitric acid, and the bromine precipitated as 
silver bromide; or second , the filtrate from tantalum hydroxide was simply 
evaporated to dryness in a weighed porcelain crucible, and the residual 
ammonium bromide dried to constant weight in an oven at ioo°. The 
results obtained by use of these two methods were surprisingly concordant, 
the maximum variation being less than 0.1 per cent. After the second 
method had been thoroughly tested it was given the preference, since 
its use permitted the application of a very simple check on the tantalum 
value. This consisted in the decomposition of the ammonium salt by 
means of nitric acid, and subsequent weighing of a very slight residue of 
oxide which had escaped the filter. It may be mentioned that this residue 
never in any case exceeded 0.2 mg. and in most cases was much less than 
this. The ammonium bromide could, of course, have been expelled 
simply by heating, but this procedure would almost certainly have caused 
the expulsion of the tantalum residue, either mechanically or otherwise. 
The values for tantalum as thus obtained were very concordant, the 
maximum variation in a series of five analyses being 0.1 per cent. 

The percentage of water in the bromide was determined by$mixing 
with litharge to retain the bromine, placing the mixture in a porcelain 
top$t, and then heating in a combustion tube in a current of air, the water 
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being collected in a calcium chloride tube. Three determinations made 
after this manner gave the following percentage: 5.40 per cent., 5.50 
per cent., 5.50 per cent, or an average of 5.46 per cent. It was found 
impossible to determine the water without the use of the litharge, since 
the compound invariably broke down, giving off hydrobromic acid before 
all the water was expelled. 

When, after repeated analyses, it was seen that the composition of 
the compound as first obtained did not correspond to that of dibromide 
it was thought that it might not be a single^substance, but a mixture 
of two substances, for example the dibromide and the tribromide. With 
this in mind the whole stock of the bromide was recrystallized in such a 
way as to separate it into several fractions. In this way it was hoped 
to cause at least a partial separation of the different compounds if more 
than one were present. However, upon analyzing the different fractions, 
absolutely no difference could be detected, and the notion that the sub- 
stance was not homogeneous had to be abandoned. 

Accepting the results of the analysis as final, an empirical formula 
was calculated; thus, Ta^r^H/) for which the exact values would be: 

Per cent 

Ta 46.58 

Br 48 01 

H 2 0 5.41 


Comparison of these values with those obtained from analysis will 
show a remarkably close agreement. 

It scarcely seemed possible that all these fourteen atoms of bromine 
could exist in the same relation to the tantalum. The more likely possi- 
bility seemed to be the presence of a complex, in which a part of the 
bromine would be more loosely bound than the rest. To test this possi- 
bility the solution of a weighed amount of the bromide was treated with 
silver nitrate, the reaction being carried out in the cold to prevent de- 
composition. In two such determinations the percentages of bromine 
obtained were respectively 7.02 and 6.76, an average of 6.89. Now 
the total percentage of bromine corresponding to fourteen atoms was, 
as already shown, 48.06. Of this the above value is almost exactly one- 
seventh, and therefore corresponds to two atoms. To make the formula 
agree with the experimental data, then, it should be written 
(Ta*Br, 2 )Br 3 7H 3 0. In water solution the molecule is undoubtedly 
divided into a positive complex ion and two negative bromine ions. 

As further evidence of the nature of the bromide its molecular weight 
was determined both by boiling point and freezing point methods. For 
the boiling point method propyl alcohol (b. p. 99 °) was chosen as the 
best available solvent Using x gram of the salt in 16 grams^of solvent 
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the observed rise in two experiments was respectively 0.055 and 0.059°, 
corresponding to apparent molecular weights of 1800 and 1700, or an 
average of 1750. Now, an ordinary salt when dissolved in propyl alcohol 
in the proportion used in this experiment is dissociated to the extent of 
about 15 per cent. Allowing, then, for 15 per cent dissociation , an ob- 
served molecular weight of 1750, and three ions to the molecule, the true 
molecular weight may be calculated with a fair degree of certainty by use 
of the formula, M = Mo {x(n — 1) + 1) where Mo — the observed 
molecular weight, x — the degree of dissociation, and n the number of 
ions per molecule, thus M = 1750 (0.15(3 — 1) + 1) « 2275. The 
molecular weight calculated from the formula is 2332. 

A freezing point determination, using water as the solvent, gave the 
following results : 1 gram of the salt in 16 grams of solvent gave a lowering 
of 0.162°, corresponding to an apparent molecular weight of 720, or 
about one-third the true molecular weight. This was exactly the result 
expected, since in water solution at the dilution here employed ordinary 
salts are almost completely dissociated. 

Now, bringing together the facts stated in this section: Analysis has 
shown that the new green compound is not a dibromide, but thht its 
different constituents are present in the proportions represented by 
the formula Ta e Br 14 7H 3 0. The reaction with silver nitrate indicates 
that in water solution one-seventh of the bromine is in the ionic con- 
dition. This should be indicated by writing the formula 
(Ta 6 Br 12 )Br 2 7 H 2 0 . Molecular weight determinations by both freezing 
point and boiling point methods point to a molecule of approximately 
the same size as that indicated by the empirical formula. Hence it is 
believed that this is the true formula of the compound. 

Replacement of the Ionized Bromine. 

As would probably be expected it was found possible to replace the 
two ionized bromine atoms by other halogens, by hydroxyl, and by 
almost any acid radical. Replacement of bromine by hydroxyl was 
effected by treating a weighed amount of the salt (in solution) with just 
sufficient standard sodium hydroxide solution to complete the reaction: 

(Ta e Br 12 )Br 2 + 2NaQH - (Ta tJ Br l2 )(OH) 2 + zNaBr. 

The hydroxide separated in crystalline form, and being only slightly 
soluble in water, left the solution nearly colorless. Analysis showed 
it to be (Ta 6 Br 12 )(OH) 2 ioH 2 0 . It was soluble in alcohol, insoluble 
in ether, consisted of thin hexagonal plates, and was stable in the air 
below 100 °. 

The replacement by chlorine could be brought about by dissolving 
4 , the hydroxide in hydrochloric acid, but was most easily effected by simply 
evaporating a solution of the bromide with hydrochloric aqd* The 
interesting point about this reaction was the fact that only two atpims t 
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bromine were replaced, even when concentrated acid was used and the 
evaporation repeated four times. That the chlorine took the place of 
the ionized bromine was proved by the fact that treatment of the resulting 
mixed halide with silver nitrate or sulphate produced a precipitation of 
silver chloride containing no bromide. The formula of the compound, 
as shown by analysis, is (Ta 6 Br 12 )Cl 2 7 H 2 0 . 

Replacement of bromine by iodine was effected by first preparing the 
hydroxide, and then dissolving this in hydriodic acid. Its formula is 
(Ta 6 Rr 12 )I 27 H 2 0 . 1 

After following the bromide through these various transformations 
it becomes evident that a certain part of the molecule (Ta^Br^) acts 
like a single element or base, passing unchanged through a whole series 
of compounds. It is therefore proposed that this be given the name 
bromotantalum . The original compound (Ta fl Br 12 )Br 2 7ll 2 0 will then be 
called bromotantalum bromide, and the other compounds mentioned above 
will be respectively, btomoiantalum hydroxide , bromotantalum chloride , 
and bromotantalum iodide. 

Chabrie’s Chloride. 

As already mentioned the properties of Chabri&’s chloride correspond 
very closely with those of the bromotantalum compounds. Even the 
crystalline form was identical. These facts made it seem highly probable 
that the formula should be (Ta e Cl 12 )Cl 2 7 H 2 0 and not TaCl 2 2H 2 0, as 
Chabri£ writes it. Having only a very small amount of material to work 
with, which at the same time may not have been pure, he could easily 
have made such a mistake. Moreover, Chabri& determined the water 
in his compound by simply heating in an atmosphere of carbon dioxide, 
or at least he does not mention having used a retainer for the chlorine. 
This procedure would certainly not succeed in case of the bromide, and 
may account for a high value for water and a low value for chlorine. 

To settle the matter we prepared the chloride according to Chabrife’s 
method and, upon analysis, obtained the following values: 



Found, 

Calculated for (Ta 6 Cli 8 )Cl* 7 H* 0 . 


per cent. 

per cent. 

Ta 

.. 63.80 

63-58 

Cl 

.. 29.40 

29.03 

H 2 0 

7.20 

7-37 

Chabrife reports the following: 

Found, 

Calculated from TaCl s 2H 8 0, 


per cent. 

per cent. 

Ta 

• ■ 6383 

63.I 

Cl 

.. 23 85 

24.4 

H*0 

12.22 

12.5 


It should be noted that his most reliable value — the value for tantalum, 

1 For further details regarding these mixed compounds refer to the author's thesis 
“Halide Bases of Tantalum,** Univ, of Pa., 1909. * 
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— agrees much more closely with the complex formula than with the simple 
one, and the other values can be accounted for as mentioned above. 
His chloride is therefore without doubt the exact analogue of the bromo- 
tantalum bromide, and should be called “chlorotantalum chloride.” 

University of Pennsylvania. 


METALLIC TITANIUM. 

By M A. Hunter. 

Received January 19, 1910. 

All the earliest attempts at the preparation of metallic titanium re- 
sulted for the most part in the production of the various nitrides which 
from their metallic appearance were always mistaken for the metal. 
Thus Wollaston 1 mistook the cyanonitride which is frequently found in 
the slag and metal from the blast furnace for the metal. Again Ber- 
zelius 2 reduced potassium titanifluoride with potassium and obtained a 
black powder which on polishing showed a metallic streak. This sub^ 
stance was insoluble in hydrofluoric but easily soluble in a mixture of 
hydrofluoric and hydrochloric acids and whatever it may have been it 
certainly was not metallic titanium, for titanium is immediately soluble 
in hydrofluoric acid. Rose 8 produce^ a dark blue or a black powder 
insoluble in hydrochloric acid from the compound TiCl^NHg by heating 
alone or by reduction with metallic sodium. This material, which he 
considered to be metallic titanium, is now known to be Ti 3 N 4 . 

Wohler 4 and Wohler and Deville 5 in their attempts at producing the 
metal succeeded in all cases in obtaining the nitrides. Up to this time 
no analysis of the material produced by the experimenters above men- 
tioned appears to have been made. The confusion which existed in the 
earlier literature with regard to the pure metal titanium and its nitrides 
is therefore easily explained. 

Nilson and Petersson® attempted to prepare metallic titanium by re- 
ducing TiCl 4 with sodium in an air-tight cylinder of solid steel. The 
metal was obtained in yellow scales (with frequently a bluish surface 
color) containing about 95 per cent, of titanium, the chief impurity being 
the monoxide of titanium. 

Then Moissan 7 by reducing titanium dioxide at the extreme tempera- 
tures of his electric furnace produced a material containing 5 per cent, of 
carbon. On reheating this material with titanium dioxide, the amount of 

1 Phil. Trans., 17, 1823. 

* Pogg. Ann., 4, 3 (1825). 

* Ibid., 16, 57. 

4 Compt. rend., 29, 505 (1849), 

* Ibid ., 45, 480 (18 57). 

* Z. physik. Chem., x, 25 {1887). 

V w n Compt* rmd., i2Q f 290 (1895). 
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carbon was reduced to 2 per cent, and the resulting product was free from 
nitrogen. This appears to be the nearest approach to metallic titanium 
which has yet been obtained. 

In the following pages each of these methods of preparation is taken 
up in succession and the results of many attempts to obtain the pure 
metal from the various compounds of titanium are set out in detail. 

Reduction of the Titanifluorides by the Alkali Metals. 

In searching in the first instance for materials with which to work it 
was evident that those substances which were most soluble in water 
would best suit the purpose: for these materials can be most readily 
removed on subsequent lixiviation. Among the double fluorides sodium 
titanifluoride is given by Comey as the most soluble salt and among the 
simple fluorides of the alkali metals potassium fluoride is deliquescent. 
The combination of sodium titanifluoride and metallic potassium appeared 
then the best to use; though, as will be shown, both potassium titani- 
fluoride and barium titanifluoride have been used as a starting material. 
The sodium titanifluoride was prepared in the following way: Titanium 
dioxide free from iron was dissolved in hydrofluoric acid. While the 
liquid was still hot it was filtered from the undissolved residue and almost 
neutralized by a hot concentrated solution of sodium hydroxide. Sodium 
titanifluoride was immediately thrown out as a crystalline precipitate, 
which was easily filtered, then washed with water containing hydrofluoric 
acid and on drying and bolting was ready for reduction. A sample of 
K 2 TiF* prepared in this way was analyzed and found to contain 20.4 
per cent. Ti instead of the theoretical 20 per cent. The discrepancy 
may be due to the presence of some excess of TiF 4 in the double fluoride. 

The sodium double fluoride with the potassium necessary for reduction 
was then placed in an iron cylinder fitted with a lid loosely screwed on. 
This cylinder was wound with nickel wire which served as a means of 
heating the cylinder, and was inserted inside a second cylinder of copper 
which was made perfectly air-tight. 

The copper cylinder was evacuated and a current was passed through 
the nickel wire until the reduction had taken place. This was observed 
by a slight shift in a manometer attached to the apparatus. When the 
iron cylinder had cooled it was opened, the excess of potassium was re- 
moved by dry alcohol and the whole was then thrown into a large quantity 
of water. The black powder remaining after several washings was 
collected on a filter, washed, dried and analyzed. The first material 
prepared after completely drying in a vacuum caught fire within 30 seconds 
after being exposed to air. A second material proved to be not pyro- 
phoric in the least degree and could be easily handled in air. An analysis^ 
gave from 0.1034 gram on oxidation, 0.1040 gram Ti0 3 corresponding to 
60,4 percent, of t|tanipm. A third reduction of Na^Tjyp^ with K on 
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treatment with alcohol and warming with successive small quantities 
of water gave a material which contained 68.0 per cent. Ti. A fourth 
experiment carried out in vacuo when the conditions for reduction were 
well ascertained gave a material which contained 73.2 per cent, of 
titanium. 

This represents the best material yet obtained by this method. Three 
reductions were made on potassium titanifluoride with potassium. The 
resulting materials contained 60.1, 56.0, 56.1 per cent, of titanium. 
Barium titanifluoride reduced with potassium gave only 49.5 per cent, 
of the metal. 

It seems to me quite certain that the double fluorides are reduced by 
the alkalis in vacuo , but that in the subsequent removal of the alkaline 
fluorides, the finely divided metallic titanium is attacked by the water 
with the ultimate formation of the oxides TiO and Ti 0 2 . In view of the 
success of a subsequent method of preparing the metal the means* for 
the prevention of this oxidation will not be further discussed. 

It remains only to be said that by the methods used by Berzelius, 
Wohler and Deville I could not produce a material containing more than 
73 per cent, of titanium. 

Reduction of Titanium Dioxide by Carbon. 

The reduction of titanium dioxide by carbon was next tried as a means 
of obtaining titanium. To this end the purest lampblack obtainable 
was taken and fired at a red heat in a gas furnace to remove hydrocarbons 
and this carbon was then used for the reduction. An intimate mixture 
of the oxide and carbon was made by grinding arid bolting the materials 
together till the whole appeared a blue homogeneous mass. 

The reductions were carried out in an Arsem vacuum furnace, the 
heat being continued in each experiment until the charge ceased to give 
off gas. The analyses show the amounts of titanium oxygen and carbon 
in the resulting product. 

Experiment I, TiO s 4 2C. 

Reduction carried out at 5 kw. (1800° C.) in a carbon crucible. 

Analysis of product (wt. taken o 4615 gram): 


Ti 0,3656 

0 0.0320 

C 0.0639 


Now since oxygen remains in the mixture it may be safely assumed 
that the carbon remaining is not in its original free condition but exists in 
combination with Ti and is not available for reduction. If we assume 
that it exists a$ carbide we find : 


Ti comMped as TiC. 0.2556 

Ti free || combined with 0 o. noo 
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The ratio of Ti and 0 considered in atomic proportions is Ti/O— 1.14. 
The complete analysis of the material is then: 

Per cent. 

TiC 69.2 

TiO 30.8 

The results are tabulated below. 


Crucible. 

Temp. 

Degrees, 

Per ceut. 

C 

Ratio. 

Ti/O 

Per cent. 
TiC. 

Per cent. 
TiO. 

aia 

1700 

IO .9 

.... 

54-5 

45-5 

Carbon. . . . 

1800 

>3-8 

1. 14 

69.2 

30.8 

Carbon. . . . 

1800 

12.7 

O 97 

631 

36.9 

Carbon 

2400 

8.7 

I .00 

43-5 

56.5 

Carbon 

2400 

6 6 

I 28 

26.6 

73-4 

Tungsten. . 

2 IOO 

4 7 


23 6 

76.4 

Tungsten 

. 2400 

4 6 

1 .09 

24.7 

75-3 


In general the presence of a crucible made of a substance other than 
carbon reduces the amount of carbon in the material but the results are 
largely influenced by difference of temperature during the reduction. 
The best results were obtained in a tungsten crucible at 2400° where 
the percentage of carbon remaining in the material sank as low as 4.6 
per cent. 

But it seems doubtful whether we can prepare metallic titanium by 
this method. All experiments up to this point have succeeded in giving 
us only a bluish purple material which contains varying quantities of 
TiC and TiO. 

The Reduction of Titanium Tetrachloride with Sodium. 

The best material which Nil son and Petersson 1 prepared by this method 
contained about 94.73 per cent, of titanium. The material was obtained 
in yellow scales (frequently with bluish surface color), the chief impurity 
being considered as oxygen in combination. It is quite probable that 
the oxygen is combined as TiO in which case the material produced would 
contain only 78.92 per cent, of metallic titanium. 

In repeating the experiment extraordinary care was exercised during 
and after the reduction of the chloride by sodium to exclude air from ftie 
apparatus. 

The preparation of titanium chloride was carried out on an extensive 
scale by the chlorination of approximately pure titanium carbide. The 
chloride was refluxed in a current of nitrogen to remove chlorine and 
then .repeatedly distilled, the end fractions being continually rejected. 
The fraction boiling between 136° and 137 0 was taken and shaken re- 
peatedly with mercury and sodium amalgam. On redistillation a per- 
fectly water white TiCl« was obtained boiling at constant temperature 
(136.5® uncorrected). 

1 hoc. c&. 
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The first bomb used for the reduction was of loo cc. capacity accommo- 
dating 50 grams of titanium tetrachloride and 25 grams of sodium needed 
for its reduction. On heating the bomb to a low red heat the reaction 
took place and on opening it, the titanium was found for the most part 
as a gray powder, some of it, however, being melted by the heat of the 
reaction to small metallic beads. By this means however, only 12 grams 
of metal were obtained in each experiment. 

When the progress of the reaction was understood from this experiment 
on a small scale a larger bomb was constructed of ten times the capacity 
of the preceding one. In this bomb 500 grams of titanium chloride 
were successfully reduced by 245 grams of sodium, giving as a theoretical 
yield 126 grams of titanium. The bomb was constructed of machine 
steel and was capable of withstanding a total internal pressure of 80,000 
pounds. The lid was screwed to the body of the bomb by six stout braces 
(one inch thick) screwed tightly down with an intervening gasket of^oft, 
annealed copper. ' 

The reaction inside the bomb must be almost instantaneous. The 
lid is raised a little by the force of the explosion, a slight puff of \apor 
escapes but the main force of the explosion is already spent and the lid 
closes air-tight again. 

On cooling the bomb and leaching the contents with water, titanium 
alone remains. Thus in one experiment the weight of TiCl 4 used was 
470 grams, the titanium content of which is 119 grams. The resultant 
product contained: 

Grama. 


Melted metal 71 

Coarse and semimolten powder 31.5 

Fine powder 4.5 


Total 107 


The actual yield was then 90 per cent. The reaction heat had been 
so great that the greater part of the metal had been more or less perfectly 
melted during the reaction. The loss of material, amounting to 10 per 
cetit., is accounted for by the fact that some of the titanium is oxidized 
during the reaction from the presence of oxygen in the sodium used. 
This introduction of oxygen could not be avoided even when the sodium 
was carefully peeled before being introduced into the reaction bomb. 
Again some of the finely divided metal is oxidized by the water during 
the washing. A floccuknt blue ppt. of meta-titanic acid, which rapidly 
turns white in air, is formed but may be easily removed by decantation 
from the heavier metal beneath. The slag from the reaction, which 
should be pure white, is always colored blue or green from the presence 
of lower titanates of sodium. 

method then is an admirable one for producing titanium in mode?* 
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ately large quantities in a state of purity which has hitherto not been 
attained. 

Analysis of the Material. 

A bead of metallic titanium was taken, broken up in three portions 
and analyzed in the following ways : 

1. Dissolved by long boiling in moderately concentrated hydrochloric 
acid — oxidized with a drop of nitric acid and the titanium precipitated 
with a slight excess of ammonium hydroxide. 

0.1581 gram gave 0.2361 gram TiO a equivalent to 0.1579 gram Ti. 

Per cent, titanium — 99.9. 

2. Dissolved in hydrofluoric acid — neutralized and precipitated with 
ammonium hydroxide. 

0.4365 gram gave 0.7085 gram Ti0 2 equivalent to 0.4251 gram Ti. 

Per cent. Ti = 97.4. 

3. Dissolved in hydrofluoric acid, sulphuric acid added and the solution 
evaporated to the fuming point, taken up with water and precipitated 
with ammonium hydroxide. 

°*4955 gram gave 0.7954 gram Ti0 2 equivalent to 0.4773 grarn Ti. 

Per cent. Ti 96.3. 

The solution of the metal in hydrofluoric acid always brings about a 
loss of material due perhaps to the evaporation of titanium fluoride. 

4. A fourth method of analysis by the solution of the metal in acid 
potassium sulphate and subsequent precipitation by boiling the solution 
gave in the hands of Prof. Mixter 1 100.2 per ceut. of titanium. 

No trace of iron or of sodium could be found in the beads of titanium 
which were melted during the reduction and since two reliable methods 
of analysis yield results so closely approximating to 100 per cent. There 
is strong reason to believe that the material thus obtained is pure metallic 
titanium. 

Properties of the Metal. 

The metal does not differ in outward appearance from polished steel. 
It is, however, hard and brittle in the cold. If it be raised to a low red 
heat it may be readily forged like red hot iron. By this means some of 
the beads of from 10 to 12 grams in weight have been forged into rods 
about six inches long. 

Unsuccessful attempts have been made to draw the material through 
a heated draw plate in order to produce wire from it. 

The pure metal can be melted only with difficulty. A rod of metal 
12 cm. long and 1.8 mm. in diameter burned in air at a temp, of 1200° 
when a current of 50 amps, was sent through it. The heat of oxidation 
was sufficient to melt the oxide thus produced. The metal was melted 
in a fime crucible placed in a vertical carbon tube furnace through which 
»'! Sci, 393 (* 909 )* '* ‘ 
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a rapid stream of hydrogen was passed to prevent access of carbon mon- 
oxide to the metal. The resulting bead swelled up and became porous 
in texture resembling titanium carbide. In the Arsem furnace the 
resulting material was always porous and contained titanium carbide. 

A rough determination of the melting point of the material was carried 
out as follows: The filament of a Gem incandescent lamp was super- 
imposed on a rod of titanium maintained in as perfect a vacuum as could 
be obtained by a hammering Boltwood pump. 

, An increasing current was sent through the titanium rod and the temp, 
of the Gem filament was gradually raised to an equal intensity. It 
was found that the titanium rod slowly melted and finally broke when 
the Gera lamp was burning at an efficiency of 3.55 watts per c. p. The 
melting temperature is therefore between 1800 and 1850° and is certainly 
not greater than this latter value. Observations, confirming this result, 
were also made with a Wanner pyrometer. # 

The specific gravity of the metal is 4.50. It is therefore appreciably 
lighter than the metal obtained by Moissan (sp. gr. 4.87). 

In conclusion it may be said that the metal titanium is' not by any 
means as refractory a substance as former experimenters have been led 
to believe. Its melting point is comparatively low — being within one 
hundred degrees of platinum. Further, though brittle in large pieces 
in the cold yet at a low red heat it shows a remarkable malleability, and 
very small beads even in the cold may be flattened out with ease without 
disruption. A method is here given by means of which moderately 
large quantities of pure titanium may be produced with ease, so that the 
air of mystery which has so long enshrouded this refractory element 
will soon be dispelled. 

My thanks are due to Dr. W. R. Whitney, of the General Electric Co., 
for suggestions and generous sympathy during the progress of this re- 
search. 

Dept op Physics and Elected chemistry, 

Rensselaer Poly Inst., Troy, N Y 


NOTE. 

The Preparation of Platinum Black . — Of the various methods which 
have been proposed for the preparation of the finely, divided form of 
platinum known as “platinum black,” but two are ordinarily employed, 
viz., (i) the reduction of a solution of chloroplatinic acid by zinc, and (a) 
the method of Loew 1 depending on the precipitation of the platinum by 
means, of sodium hydroxide and formaldehyde. In their study of the 
reducing action of platinum black on nitrates in the presence of formal 
„ V| to«W 4 Ber., *3, 989 (1890). 
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dehyde, Kastle and Elvove 1 came to the conclusion that platinum black 
precipitated by means of zinc contains an appreciable amount of the 
latter metal, the presence of which influences the properties of the black 
to a greater or less extent, and that this zinc is ordinarily difficult of 
removal. 

It occurred to me that aluminium would be a good metal to use in place 
of zinc for the production of platinum black, and after a few preliminary 
experiments, a quantity of black was precipitated by this metal and 
some of the properties of this preparation investigated. 

To prepare this black an aqueous solution of chloroplatinic acid 
containing 0.5 gram of PtCl 4 in 10 ec. is precipitated by the 
addition of an excess of commercial sheet aluminium. The action is 
very rapid and generates a great deal of heat. Sufficient strong hydro- 
chloric acid is then added to dissolve any excess of aluminium. When 
the action is over, the solution presents the uniform black appearance of a 
strong colloidal solution of platinum, and at the surface of the liquid a 
platinum mirror is ofteu precipitated on the walls of the container. In 
this condition, the platinum black will take a long time to settle out, but 
if the liquid is heated on a steam bath, the black wall settle in minute 
flakes within a couple of hours. The supernatant liquid is usually yellow' 
or greenish, probably from the presence of iron in the aluminium. This 
liquid is removed by decantation, and the black twice heated for one 
hour at ioo° with fresh quantities of strong hydrochloric acid, which 
will remove practically all remaining metallic impurities. It is then 
washed w r ith distilled water by decantation until the wash water gives no 
test for chlorine with silver nitrate, washed into a small beaker with 
distilled water, allowed to settle, the excess of water removed by decanta- 
tion or with a pipette, and the black dried in a vacuum over sulphuric 
acid, to avoid heating. 

The platinum black thus obtained is of a uniform dull black color, 
and between the fingers reduces to an absolutely impalpable powder. 
It appears to have a very considerable catalytic power, although quan- 
titative studies of this power were not made at this time. 

On analysis, the black thus prepared was found to contain 96.5 per 
cent, of metallic platinum. In the preliminary experiments, commercial 
aluminium bronze powder was used as the precipitant, but the black thus 
obtained was found to be contaminated with a dark browm, amorphous 
powder qf much less specific gravity than the black. This appeared to be 
a mixture of organic matter and amorphous silicon. With the sheet 
aluminium the appearance of this contamination was not noted. From 
the formation of the platinum mirror, it would seem that during the 
process of precipitation the platinum may actually be in the colloidal 

J 1 R«s|le and Blvove, Am. Chem. 31, 633 (1904). ‘ v * 
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state for a brief time. This mirror formation has also been noted in the 
reduction by formaldehyde (Loew's method), and in the reduction with 
sodium formate. Magnesium and iron also give very finely divided 
precipitates of platinum black, but the action does not appear to be so 
violent as with aluminium, and the blacks obtained are denser and more 
coherent. That from iron appeared to be badly contaminated with 
carbon, even though a so-called pure iron wire was used. No analysis 
of it was made. 

When heated in the air the following effect upon the weight of the 
platinum black prepared by precipitation with aluminium was observed: 
Weight before heating, 0.2661 gram; weight after heating to 300 °, 0.2657 
gram; weight after heating to redness, 0.2630 gram; or a total loss on 
heating to redness of about 1.2 per cent., probably representing carbon 
in the aluminium. Other specimens gave similar figures. 

It was also observed that while the platinum black prepared by Jhe use 
of zinc becomes the gray, “spongy” platinum upon being heated* to 
redness, that precipitated by means of aluminium changes but slightly 
in color, although it becomes somewhat more coherent. . ' 

It therefore appears that by this method one may obtain a quite pure, 
finely divided platinum black, which will prove useful where this prepara- 
tion is needed in chemical work. F. Alex. McDermott. 

Hygienic Laboratory. P. H. and M. H. S., Washington, D. C. 


[Contribution from the Bureau or Chemistry, U. S. Dept, or Agriculture.] 

A RELATION BETWEEN THE CHEMICAL CONSTITUTION AND THE 
OPTICAL ROTATORY POWER OF THE SUGAR LACTONES. 1 

By C. S. Hudson 
Received January 7, 1910, 

The Hypothesis. 

The numerous sugars are strongly rotatory. On the other hand the 
alcohols which result from their reduction and the acids which are formed 
by their oxidation are only feebly rotatory; but the glucosidic com- 
pounds of the sugars and the lactones of these acids are as strongly rota- 
tory as the sugars themselves. Thus for example the specific rotations 
of the two forms of glucose are 109° and 20°, of the methyl glucosides 
157 0 and — 32 °, of gluconic acid lactone 68°, but the rotation of gluconic 
acid is only — 2 0 , and sorbitol, which is the alcohol that results from the 
reduction of glucose, shows no rotation. Is there any other property 
of these substances which varies in the same manner as the rotatory 
pffwer? 

■ ’ The constitutional chemical formulas now in use for these compounds 
have been chosen step by step to express their chemical reactivities, 
1 Read at the Boston meeting of the American Chemical Society, Dec., 1999. 
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OPTICAL ROTATORY POWER P* SUi 

. , . , jars, the glucosides and the 

and it is now generally agreed that tie sugT absent from the structure 

lactones possess a lactonic ring, but that thls i, ropertv __ the che mical con- 
of the alcohols and acids. Here theirs a f ^ physical proper t y D f 
stitution which runs exactly parallel wl j lucose Does the same par . 
optical rotation, in the case of the sjigar 

allelism hold for the other sugars? f f be made to Table T> which 

. T ° ^ nswer f f sdon f r ?! erenC i i m ai y aldose sugars, and their gluco- 

r. jives, so far as they are known; 

t M f ' rlV ^ed from the literature, 

the numerical values are in all cases* quoty 


gives the specific rotations of the pr: 
sidic, lactonic, acidic, and alcoholic 


Table 1.— Specific Rotations of Aij 


j.DOs« Sugar Derivatives. 


d-Glucose 


<f-Galactose 


J-Arabinose 


cf-Mannose 


<f- Xylose 


/-Rhamuose 


Sugar. 
{; 
I; 
I; 


Glucosidic compound 

i°9° , S a 157 0 

52 0 Methyl ^ 3J . 

1C;6° 

o° 


LacT 


{; 

\T> 


J-Ribose 

d-Mannoheptose 

Rhodeose 

d-Talose 

d-Gulose 

a-Galaheptose 

^-Galaheptose 

a-Gluco-octose ■ 

d-Mannononose 

< 2 ~Gala-octose 


140” 
53 ° 
76° 
184° 
76 ° 
-14° 
100 0 
— 8 ° 

“" 7 ° 

3 i° 

? 

85° 

86 ° 

? 

7 

7 

- 22 ° 

5 i° 

50 ° 

-40° 


Methyl j" 
Benzyl 


Glucon 


68 ° 


Acid, Alcohol. 
— 2 0 Sorbitol 


(Salac 


.omc 


-72 0 — ii° Dulcitol 


215 


Arabc 


" 74 ° 


-8° Arabitol 


Methyl — 79 0 Mam 


ionic 


Methyl 


a 152” 
/?— 66° 


Methyl — 62 c 


7 

7 

Ethyl 

7 

7 

7 

7 

? 

7 

? 


Xvl 


Rh 

K 

Ril 


Jnic 


54 0 ? Mannitol 

83° —7 0 Xylitol 


30 


anoheptonic 
aa odeonic 
j^lonic — (strong) 
hlonic 


“35 

— x8° 
— 74 ° 
- 76 ° 


-8° Rhamnitol 


11 


•Galaheptonic - 

- 52 ° 

7 

a-Galaheptitol 

"Galaheplonic 

? 

7 

? 

^Gluco-octonic 

46 

7 

a-Gluco-octitol 

c iannonononic 

--41 0 

7 

7 

>ala-octonic 

64° 

7 

7 


Adonitol o 

Mannoheptitol — 1 
? 

Talitol o . 2 

Sorbitol o 

o 


The above data from the lit^ 
compounds and the lactones, 
strong rotatory powers. The! 
galactoside, /^-xylose and c*-r| 
ponding a or isomer is strj 


^ure show that the sugars, the glucosidic 

4 >f which contain the lactonic ring, have 

f re three apparent exceptions, ^-methyl 

mose, but for each of these the corre- 
lar 

,y rotatory, proving that the slight rota- 
due to internal compensations, and that 


tions of the three compounds|«rc arbon atoms _ Qu the other hand the 


they contain strongly acti’ 
alcohols and acids are of fi 
not comparable with the si 
pounds and lactones. Then 
ring structure causes a strong 


j e rotatory powers, which are in general 
j rotations of the sugars, glucosidic com- 
thus satisfactory proof that the lactonic 
rotatory power. 
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The rotations of the alcohols afid acids recorded are so small in com- 
parison with those of the lactones ithat the rotations of the latter may be 
assumed to be due, as a first tapproUimation, entirely to the lactonic ring. 
There are two possible sterep structures for the lactonic ring, namely 

' o — -i 1 | * 

C C C CO and < >\~C — ICO, which are mirror images (with 



the mirror placed horizon tall y)!- 1 If the rotation of the lactone is due 
entirely to this ring the positio^ of ihe ring must determine the sign of 
the rotation of the lactone. The’ position of the ring is determined by the 
position which the OH group ha^ on | f-carbon atom before the ring 
was formed. These ideas thus le^d td the following hypothesis: Lactones 
of dextrorotation have the lactonic ?^ n 9 \ n one s ^ e °f the structure, lactones 
of levorotation have it on the other\ o/nM the position of the ring shows the 
former position of the OH group on | the -p -carbon atom. 

Test of tw Hypothesis. 

This hypothesis will now be testeP- Table II there are collected the 
structural formulas and specific rotWio&is of twenty-four lactones of the 
monobasic sugar acids, including evem siich lactone for which the structure 
and specific rotation have been deti m iy e d- ^he first column gives the 
name and the second the stereo configuration of the lactone, the dis- 
covery of which is due in all cases tlhe immortal researches of Emil 
Fischer. In the third column is theistaftement, for convenience, of the 
position of the lactonic ring, whether “^bove” or “below” the chain, 
and in column four are the specific ratal ‘i° ns of the lactones, which are 
quoted from the references given in tl^ fcbot-notes. In most cases they 
were measured by Emil Fischer or his 


Table II. — Parallelism between the Sign 
TION OF THE SUGi! 


tujdents. 

»f ifriE Rotation and the Configura- 


b(^T0NES. 


Lactone. 


/- Arabonic 


/•Ribonic 


Fischer ‘a configuration. 

r o 1 

| OH H I 
CH a OH.C . C . C . CO 
H H OH 

f OH Oh] 
CHgOH.C . C . C . CO 
H H H 


Ring 

position 


, Above 

■i% 


Above 


Sp£«fic 

retain. 


"74 


-i8°* 


1 The stereo formulas will be written horizon! 

1 E. Fischer and Piloty, Ber 24, 4219 (1892). ' 
* Ibid., 24, 4227 (1891). 


llyi to save space. 
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Lactone. 

Table 11 — ( Continued ). 

Fischer's configuration. 

Ring 

position. 

Specific 

rotation. 

d-Galactonic 

H f OH H ~| 

CH.OH.C . C . C . C . CO 

OH H H OH 

Above 

—78 01 * * 

d-Talonic 

T 0 1 

H | OH OH | 

CH a OH.C . C . C . C . CO 

OH H H H 

Above 

— ?* 

(large) 

Z-Rhamnonic 

1 O 1 

1 H H | 

CH3CHOH.C . C . C . CO 

H OH OH 

Above 

— 39 °* 

Msorhamnonic 

f" H OH | 

CH 3 CHOH.C . C . C . CO 

H OH H 

Above 

—62 04 

d-a-Glucoheptonic 

H H \ H H ~| 

CH 2 OH.C . C . C . C . C . CO 

OH OH H OH OH 

Above 

— 55“* 

d-/?-Glucoheptonic 

H H j~ H OH^j 

CHjOH.C . C . C . C . C . CO 

OH OH H OH H 

Above 

— 68 °* 

d-Mannoheptonic 

1 0 r 

H H | OH ? | 

CH,OH.C . C . C . C . C . CO 

OH OH H H ? 

Above 

-74°’ 

d-Galaheptonic 

1 0— n 

H OH | H ? | 

CH*OH.C . C . C . C . C . CO 

OH H H OH ? 

Above 

—52°* 

/-Rham no- oc tonic 

r — ~ 0 1 

OH H H | ? ? | 

CH s CHOH.C .C.C.C.C.C.CO 

H OH OH H ? ? 

Above 

-5i °* 


1 Ruff and Franz, Ber. t 35, 948 (1902). 

• E. Fischer, Ibid „ 24, 3624 (1891). 

1 Raytnan, Ibid., 21, 2048 (1888). 

4 E. Fischer and Her born, Ibid. t 29, 1964 (1891). 

• Kiliani, Ibid., 19, 770 (x886). 

• E. Fischer, Ann., 270, 85 (1892). 

1 B. Fischer and Passmore, Bet., 23, 2228. 

• E. Fischer, Ann., 288, 143 (1895). 

• E. Fischer and Piloty, Ber. t 23, 3109 (1890), 
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Table II — ( Continued ). 
Lactone. Fischer’s configuration. 

i O — “i 

H H OH | ? ? | 

d-Manno-octonic CH 2 OH.C . C . C . C . CO . C . CO 

OH OH H H ? ? 

H OH H 

d-Xylonic CH a OIi.C . C . C . CO 

| H OH | 

i o 1 

H OH OH 

rf-Lyxonic CH a OH.C . C . C . CO 

H H OH H 

d-Gluconic CH s OH.C . C . C . C . CO 

OH | H OH | 

I o 1 

H H OH OH 

d-Mannonic CKOH.C . C . C . C . CO 

OH | H H | 

_l o 1 

OH H OH OH 

Z-Gulonic CHjOH.C . C . C . C . CO 

H | H H J 

OH H H OH 

Z-a-Rharonohexonic CH.CHOH.C . C . C . C . CO 

H | OH H j 

OH H H H 

Z-/?-Rhamnohexonic CH s CHOH.C . C . C . C . C . CO 

H | OH OH | 


Ring Specific 
position, rotation. 

Above — 44 01 

Below 4 83 08 

Below +82°* 

Below 4-68°* 

# 

Below f 54°* 

Below +56°* 

Below +84 07 

Below 4 * 43 08 


‘ OH H H H ? 

J-a-Rhamnoheptonic CHSCHOH.C . C . C . C . C . CO Below 4*56* 

H OH | OH ? | 

l o 1 

1 Fischer and Passmore, Ber 23, 2234 (1890). 
s Tollens and Weber, Z. Vet. Zuckerind, 49, 953. 

8 E. Fischer and Bromberg, Ber,, 29, 583 (1896). 

4 Schnelle and Tollens,M>m., 271, 74. { 

8 Fischer and Ilirschberger, Ber,, 22, 3222 (1889). 

8 Thierielder, Z. physiol. Ghent., is, 75 (1891); E. Fischer, Ber., 24, 526 (1891). 

7 E. Fischer and Piloty, Ber., 23, 3104 (1890). 

8 E. Fischer and Morrell, Ibid,, 27, 389 (1894). 

8 E. Fischer and Piloty, Ibid., 23, 3107 (1890). 
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Lactone. 

rf- a-Gluco-oct onic 


rf-/?-Gluco~octonic 


cf-df-Gala-octonic 


<f-a-Gluco-nononic 


Table II — ( Continued ). 

Fischer’s configuration. 


H H OH H 

H 

? 

CH a OH.C . C . C . C . 

C . 

C . CO 

Oil OH H | 

OH 

? J 

. 1 — 

— 0 


H H OH H 

H 

> 

CH,OH.C . C . C . C . 

C , 

C . CO 

OH C)H H | 

OH 

? 1 

1 — 

— O 

- — J 

H OH OH H 

? 

> 

CHjjOH.C . C . C . C . 

C . 

C . CO 

OH H H | 

■> 

? 1 

1 

n 

1 

H H OH H 

H 

? ? 

CH 2 OH.C . C . C . C 

C . 

C . C . CO 

OH OH H OH 

! 

? ? J 


Ring Specific 
position, rotation. 

Below +46 01 

Below +24 02 

Below -f-64 0 * 

Below + (?) 4 

(large) 


The table shows that among these twenty-four sugar lactones (which 
include all the known substances upon which there is sufficient data 
known to test the hypothesis) there is not a single exception to the theory; 
all the lactones which have the ring 4 4 above ” the chain are levorotatory 
and all having it “below” the chain are dextrorotatory. 

Application of the Theory to Determine the Constitution of the Sugars. 

As this relation between the stereo position of the lactonic ring and the 
sign of the rotation of the lactone is well founded it may be used in deter- 
mining the constitution of the sugars. For some of the sugars such a 
determination is only a tracing backward of the steps of the above ex- 
perimental proof of the hypothesis, but for certain others ( e . g., rhamnose) 
this method gives entirely new data on the constitution, as will be shown. 
In determining the constitutions of the sugars Emil Fischer has used 
most ingeniously a mass of chemical data of various kinds, nearly all of 
which he worked out in his own laboratory; in what follows it will be 
shown that the constitutions of the monose aldehyde sugars can be in- 
dependently determined from two kinds of experimental data, (1) a 
knowledge of the sugars which result from the cyanide synthesis or its 
reverse, and (2) a knowledge of the signs of the rotations of the lactones 
of the monobasic sugar acids. This second kind of data cannot be ob- 
tained for the ketone sugars because they do not yield acids and lactones, 
and their structure cannot be found by this method alone. 

1 E. Fischer, Ann., 270, 94 {1892) 

* Ibid., 270, iox (1892). 

• /Wrf., 388, X 49 (i 895 )‘ 

4 Ibid,, 270, 103 (1892). » 
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The Stereo Configuration of d-Glucose. — The cyanide synthesis or its 
reverse has shown the steps of the following series: d-erythrose — ► 
d-arabinose — > d-glucose — > d-glucoheptose — > d-gluco-octose. The 
specific rotations of the lactones of the monobasic acids derived from 
these sugars are (see Table II;, d-arabonic +74°, d-gluconic +68°, 
d-glucoheptonic — 68°, d-gluco-octonic 4*46°. Writing the carbon chain 
of the octose CH 2 OH.C.C.C.C.C.C.C, it is first noticed that as its lactone 

(l)(*)(3)(4><5)(«0(7) 

rotates positive ( -f 46) its ring is to be considered below the chain and 
joining atom 7 to its ^-carbon 4. This shows that the H atom on 4 is 
above the chain. Passing next to the heptose, since its lactone rotates 
negative ( — 68°) the H atom on the new f-carbon 3 by the same reasoning 
is below the chain. Similarly the signs of the rotations of the other two 
lactones show that the H atom is above 2 and above 1. This determines 
the stereo constitution of the carbons 1, 2, 3, and 4, and as these are all 
the asymmetric carbons which occur in the aldehyde formula of glucose, 

H II OH TI 

this may be written CH 2 OH.C . C . C . C COH. This formula is 

Oil OH II OH 

identical with the one which Emil Fischer has chosen from chemical data 
alone. The steps of the above proof of the structure of d-glucose give 
also the structures of d-arabinose and d-erythrose. 

The Stereo Configuration of d -Galactose. — The cyanide synthesis or its 
reverse has shown the following series: d-1 vxose — ► (/-galactose — ► 
d-galaheptose — > d-galaoctose, and the rotations of the lactones of the 
corresponding monobasic acids have been found to be (Table II) 
d-lyxonic +82°, d-galactonic — 78°, d-galaheptonic -52°, d-galaoctonic 
-f-64 0 . By the same reasoning as given above these rotations show that 
in the stereo formula of galactose the H atom is above carbons 1 and 4 

H OH OH H 

and below 2 and 3, giving CH a OH.C . C . C . C . COH. This formula is 

OHH H OH 

identical with the one which Fischer has chosen for galactose. The stereo 
configuration of d-lyxose follows from that of d- galactose. 

The Stereo Configuration of d-Mannosc . — The cyanide reaction has 
shown the following series: d-arabinose — ► d-mannose — > d-manno- 
heptose — ► d-njanno-octose, and the rotations of the lactones of the 
corresponding monobasic acids have been found to be (Table II) 
^d-arabonic +74 0 , d-mannonic +54 0 , d-mannobep tonic — 74 d-manno* 

octonic — 44 0 . In the configuration of mannose therefore the H atom 

H H OH OH 

is below 3 and 4 and above 1 and 2, giving CH 2 OH.C . C . C . C . COH. 

OH OH H H 
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This is also identical with the structure which Fischer has established for 
mannose. 

The Stereo Configuration of Rhamnose. — This methyl pentose 
sugar has been shown by Fischer to have the stereo configuration 
OH H PI 

CPI s CHOH.C . C . C . COH but he was unable to obtain any data which 
H OH OH 

would establish the stereo structure of the first asymmetric group 
CHjCHOH. This physico-chemical method for establishing the structure of 
the sugars can be applied in this case where the usual strictly chemical 
methods fail. Writing the carbon chain for rhamnose C1I 3 .C.C.C.C.C, and 

(iKaKi)(4K5) 

referring to the following cyanide syntheses, methyl tetrose — ► rhamnose 
— ► rhamnohexose — >* rhamnoheptose, the specific rotations of the corre- 
sponding lactones having been found to be methyl tetronic — 47°/rham- 
nonic — 35 °, rhamnohexonic 4-84°, and rhamnohcp tonic 4-56°, it is 
seen that the hydrogen atom is to be placed above carbons 3 and 4 and 
below 1 and 2, yielding the following configuration for rhamnose, 
OH OH H II 

CHg.C . C . C . C . COH. This agrees with Fischer's structure for the 
H H Oil OH 

atoms 2,3, and 4, and it also shows the configuration of the atom 1 which 
has been in doubt. Rhamnose is thus a reduction product from /-mannose. 
It is interesting to note that Winther 2 has previously selected this con- 
figuration for the first carbon, basing his selection upon the fact that 
Tate's bacillus attacks rhamnose. 

Partial Stereo Configurations of Rhodeose and Fucose . — The methyl 
pentose rhodeose yields a lactone with the specific rotation — 76 °, 3 con- 
sequently its structure can be partially determined from the above prin- 

I OH 1 ! 

ciples to be CH,.C . C . C . C.COH, and it follows that its antipode, 

I H | | 

fucose, is the mirror image of this. 

Proof of the Position of the Tectonic Ring. 

The foregoing relations furnish a proof of a view which organic chemists 
have been led to adopt by a large number of chemical facts, namely, 
that the formation of lactones involves the ^-carbon atom preferably to 
any other. The parallel relation between the position of the lactonic 
ring and the sign of the rotation of the lactone is based on the assumption 
that the ring is formed on the p-carbon atom; if it were considered as 
formed on any other atom whatsoever the parallelism would no longer 
hold even approximately; thus, referring back to Table II, if the ring is 
1 Ruff and Kohn, Ber. t 35, 2363. 

* Ber. t a8| 3000. ■ 

« Votocek, Z. Zuckerind, Boh., as, 097 (1902). 



346 


ORGANIC AND BIOLOGICAL. 


supposed to form on the a-atom, there are then seven cases of agreement 
with the hypothesis of parallelism, eight disagreements and nine re- 
maining doubtful. If the ring forms on the /?-carbon there are then ten 
cases of agreement and ten of disagreement and four in doubt. If the 
ring forms on the ^-carbon there result six agreements, twelve disagree- 
ments and six doubtful. But it has been seen that if the ring forms on 
the 7-carbon there are twenty-four agreements, no disagreements and 
none in doubt. As the chances that an event which can happen in two 
equally probable ways will happen in exactly the same way twenty-four 
times out of twenty-four trials is only one in seventeen million it seems 
certain that the lactonic ring in these monobasic sugar lactones forms 
on the 7-carbon atom. 

[Contribution from the Wellcome Chemical Research Laboratories, London.] 

CHEMICAL EXAMINATION OF PUMPKIN SEED. * , 

By Frederick B. Power and Arihhi H Sai/way 
R eceived January 13, 1910. 

The seeds of the common pumpkin ( Cucurbita pepo, Linnd) have been 
recognized for several decades by the Ifni ted States Pharmacopoeia un- 
der the title of Pepo , and are regarded as an efficient and harmless taeni- 
fuge. This property appears to have been generally attributed to the 
fatty oil contained in the seed, which is stated to have been used with 
success in repeated half-ounce doses. 1 On the other hand, Heckel* 
found that the membrane surrounding the embryo is capable of expell- 
ing tapeworms, and as the membrane contains a resin, he believed this 
to be the active constituent There* is, however, no indication that 
Heckel had in any way confirmed this supposition by the separate ad- 
ministration of the resin. A more definite observation regarding the 
activity of the resin appears to have been made by Wolff, since it is re- 
corded* that he found this efficient as a taenifuge in doses of 15 grams, 
whereas the fatty oil, when pure and free from resin, was inert. Ordi- 
narily, however, the remedy is employed in the form of the kernels of 
the fresh seed, suitably prepared, in doses ranging from 30 to 200 grams. 

No complete chemical examination has hitherto been made of pumpkin 
seeds, and the constituents of their fatty oil have been only imperfectly 
known. The results of an investigation by Kopylow, 4 in 1876, showed 
that previous statements respecting the presence of an alkaloid or gluco- 
side in these seeds could not be confirmed, but that they contained, be- 

1 Lancet , Sept. 25, 1875, p. 462. 

* Ibid . and Pharm. Oct., 1875, p. 308. Compare also Vigieo, Amer. /. Pharm., 

1876, p. 509. 

* U. 5 . Dispensatory , 18th Edit., p. 10*2. 

4 Pharm , Zeit. fpr Russlamd, 1876, p. 513. 
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sides fatty oil, some sugar and a soft resin. The expressed oil was stated 
to consist of the glycerides of palmitic, myristic, and oleic acids, while 
the oil extracted from the press-cake by means of ether also contained 
these acids in a free state. Lewkowitsch 1 describes pumpkin seed oil, 
and records its physical ^nd chemical constants, as also some of the 
constants of the mixed fatty acids obtained from the oil, but makes no 
statement concerning its composition. 

In view of the medicinal use of pumpkin seeds, and the deficiency of 
knowledge respecting their constituents, it seemed desirable to subject 
them to a complete examination. It was also thought possible that 
thereby, in conjunction with physiological tests, some further and more 
definite information might be obtained as to the character of the con- 
stituent upon which their reputed action as a taenifuge depends. The 
results of the present investigation, together with the conclusions drawn 
therefrom, are summarized at the end of this paper. 

• EXPERIMENTAL. 

The material employed was obtained from the United States, and 
consisted of fresh pumpkin seeds, which corresponded in all respects to 
the description given of them in the United States Pharmacopoeia. 

A portion of the crushed seed was first tested for the presence of an 
alkaloid by means of Proffitts’ fluid, but with a negative result. 

For the purpose of a complete examination, 22.5 kilograms of the seed 
were crushed and the shells separated as completely as possible from the 
kernels. The shells amounted to 4.68 kilograms, thus corresponding to 
20.8 per cent, of the weight of the seed. The ground kernels were then 
subjected to strong hydraulic pressure, when 4350 grams of fatty oil 
were obtained, corresponding to 19.3 per cent, of the weight of the entire 
seed. The so-called “press-cake" remaining after the removal of the 
oil amounted to 12.7 kilograms. These operations connected with the 
expression of the oil were carefully conducted for us by Messrs. Stafford, 
Allen & Sons, of London, to whom our thanks are due. 

A portion of the entire seed, when ground%nd extracted in a Soxhlet, 
apparatus with light petroleum (b. p. 30-45 °), yielded 34 3 per cent, of 
fatty oil. 

1 / Examination of the Expressed Oil. 

The expressed oil of pumpkin seed, as obtained by us, when viewed in 
layers , of moderate thickness, has a cherry-red color, and possesses a 
marked fluores9ence, whereas in thin layers it appears greenish yellow. 

It is optically inactive. The constants of the oil were determined with 
the following results: 

* “Chemical Technology and Analysis of Oils, Fats and Waxes/* 3rd Edit., Vol. II, * 

p. 509. 
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-Oil extracted 
Expressed oil. by petroleum. 

Specific gravity 20 °/ 2 °° 0.9220 0.9212 

Acid value 3.4 3.5 

Saponification value 189.4 189.0 

Iodine value “ 9-7 119.6 

For a complete chemical examination of the oil, 250 grams of it were 
employed. It was first subjected to distillation with steam. The dis- 
tillate contained no volatile oil and had only a very slight acid reaction, 
which appeared to be due to traces oi acetic acid. 

Hydrolysis of the Oil. 

The oil which had been subjected to distillation with steam, as above 
described, was separated from the watei, the latter then extracted with 
ether to recover a small amount of suspended oil, and, after adding this 
to the main portion, the whole was hydrolyzed by heating with an alco- 
holic solution of 70 grams of potassium hydroxide. The great or portion 
of the alcohol was then removed, water added, and the alkaline liquid 
repeatedly extracted with ether. The ethereal liquids were united, 
washed with a little water, dried with anhydrous sodium’ sulphate, and 
the ether removed, when about 1 gram of a yellow solid was obtained. 
On fractionally crystallizing the latter from ethyl acetate, the least solu- 
ble fraction was obtained in colorless needles, melting at 162-163°. After 
drying at no° it was analyzed: 

0.0698 gave 0.2139 CO* and 0.0749 H 2 0 . C 83.6; H ■» 11.9. 

C 27 H 46 0 requires C 83 9; H = 1 1.9 per cent. 

The analysis of this substance, together with the characteristic color 
reactions yielded by it, establishes its identity as a phytosterol. 

The mother liquors from this phytosterol yielded crystalline deposits 
melting considerably lower than the latter, and the presence of another 
substance of this class, having an initial melting point of 140°, was indi- 
cated. On account of the very small amount of material it was, how- 
ever, not possible to isolate the more soluble compound in a state of 
purity. # 

The Fatty Acids . 

The alkaline, aqueous solution of potassium salts, which had been ex- 
tracted with ether, as above described, was acidified frith sulphuric acid 
and the liberated fatty acids taken up by ether. The ethereal solution 
was washed, dried, and the solvent removed, when 225 grams of total 
fatty acids weje obtained. The constants of the mixed acids were de- 
termined in a fprtion from which the last traces of ether had been re- 
moved by heating for some time at 100 0 under diminished pressure, 
and were then. as follows: M. p. (complete fusion), 31 °; d ^o°/50 t> — 
0.8886; neutralization value, 199; iodine value, 123.5. Optically inac- 
tive* A deternftation of the acetyl value indicated the absence of hy- 
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droxy acids. No volatile acids could be detected, either in the total 
mixture of acids or in the aqueous liquid from which they had been re- 
moved by means of ether. 

The mixed fatty acids, which consisted of a liquid and a solid portion, 
were first partially separated by filtration, with the aid oi a pump. The 
solid portion, amounting to 30 grams, was fractionally crystallized from 
alcohol, and the fractions representing the two extremes of solubility, which 
melted at 57-58° and 50-54°, respectively, were analyzed. 

Fraction Melting at 57-58°- — 0.1290 gave o 3561 CO, and 0.1463 H, 0 . C — 
75-3; H «* 12.6. 

0.1714 gave o 4727 CO, and o 1961 H, 0 . C *= 75.2; H * 12.7. 

0.2306 neutralized 8.55 cc. 0.1 A r KOH. Neutralization value — 208 

Fraction Melting at 50-54 — o. i8oo^gave 0.5003 CO, and 0.2048 H, 0 . C -» 
75.8; H « 12 6. 

C, fi H„ 0 , requires C ® 75 o; H « 12.5 per cent. 

Ci*H m O, requires C ** 76.1; H — 12.7 percent. 

These results indicated that both of the above fractions consisted of 
mixtures of palmitic and stearic acids. As their separation could not be 
effected by fractional crystallization, this was accomplished by frac- 
tionally precipitating a hot alcoholic solution of the adds with concen- 
trated, aqueous barium acetate. Thus the fraction melting at 57-58° 
was converted into five fractions of barium salt, which, on treatment 
with hydrochloric acid, yielded acids melting at 66-67°, 64-65°, 62-63°, 
59-60°, and 55-56°, respectively. Those of these fractions were analyzed: 

Fraction Melting at 60-67°. —o 1247 gave o 3474 CO, and 0.1440 H, 0 . C — 
76.0; H « 12.9. 

C,jH m O s requires C ■* 76.1; H 12.7 per cent. 

Fraction Melting at 59-60°. — 0.1194 gave 0.3270 CO, and 0.1338 H, 0 . C » 
74.7; H - 12.5. 

C w H M O a requires C « 75.0; H * 12.5 per cent. 

Fraction Melting at 55-56°. — 0.1030 gave o 2858 CO, and 0.1159 H, 0 . C «- 
75.7; H - 12.5. 

This fraction was somewhat impure, and the fact that its carbon con- 
tent is higher than the next preceding one, ms^ be attributed to the pres- 
ence of a little of the unsaturated acid contained in the oil. 

The above results have thus afforded conclusive evidence that the 
solid acids consisted of a mixture of palmitic and stearic acids, the former 
predominating. There is, therefore, no indication of the presence of 
myristic acid, which has been stated 1 to be a constituent of pumpkin 
seed oil. 

•The liquid portion of the total fatty acids was neutralized with an alco- 
holic solution of potassium hydroxide, and subsequently an alcoholic 
solution of lead acetate added. The precipitated lead salt was thor- 
oughly washed with water by decantation, and then digested with ether 

* &>QCk tit* 



350 


ORGANIC AND BIOUOGICAI,. 


on a water bath. The ethereal solution, containing the lead salts of the 
unsaturated acids, was treated with dilute hydrochloric acid, filtered 
from the lead chloride, washed with water, and the ether removed. The 
unsaturated acids thus obtained from 250 grams of the fatty oil amounted 
to 140 grams, and possessed the following constants: B. p. 225-230°/ 12 
mm.; d 20°/20° = 0.9009; acid value 195,3; iodine value 144.3. The 
product was analyzed with the following result : 

o. 1354 gave 0.3807 C 0 2 and o 1416 H 2 0 . C * 76.7; H 11.6. 

CxgH^Oa requires C -» 76.6; H = 21.1 percent. Iodine value -*90.1. 

C 18 H 32 0 2 requires C ■*> 77.1; H *= 11.4 per cent. Iodine value =* 181.4. 

It was evident from these results that the unsaturated acids also con- 
sisted of a mixture, and, in order to ascertain more definitely the nature 
of their constituents, a portion (36 grams) was oxidized, in alkaline solu- 
tion, with an equal amount of potassium permanganate. A one per 
cent, solution of the latter w T as added gradually at the ordinary tem- 
perature, with constant stirring, and at the end of the operatiofi sulphur 
dioxide was passed into the mixture until all the manganese oxide had 
dissolved. A pure white precipitate was thus obtained, which was sepa- 
rated by filtration, and digested with large quantities 'of ether at the 
ordinary temperature. The ethereal solution, after the removal of the 
solvent, yielded a product which, w hen crystallized from alcohol, separated 
in pearly leaflets, melting at 129-130°: 

0.1240 gave 0.3093 CO a and o. 1276 H 2 0 . C 68.0; H — 11.4. 
requires C « 68 .4; H « 11 .4 per cent. 

This product w r as evidently dihydroxystearic acid, and its formation 
proved the presence of oleic acid in the oil. 

The portion of the oxidation product remaining undissolved by the 
above-described treatment with ether was repeatedly boiled with large 
quantities of water and the liquids filtered. The filtrates yielded crys- 
talline deposits melting at about 155 °. On recrystallizing these from 
alcohol, small leaflets were obtained which melted at 157-159°, and this 
melting point was not raised by fractional crystallization from either 
alcohol or acetic acid : ^ 

0.1470 gave 0.3314 CO a and 0.1365 H a 0 . C - 61.5; H =» 10.3. 

C 18 H w 0 6 requires C «= 62.1; H -> 10.3 per cent. 

This .substance is evidently a tetrahydroxy stearic acid (sativic acid), 
although its melting point is lower than that usually assigned to the 
latter, namely 173°. It has been noted, however, by several observers 
that products agreeing in composition and character with tetrahydroxy- 
stearic acid possessed melting points varying from 152 to 165°, and it 
is therefore possible that these represent isomeric acids of the formula 

1 Outmue Lewkowitsch, “Chemical Technology and Analysis of Oils, Fats, and 
Wdxea," afc Edit., Vol. I, p. u6, and J. Chtm, Soc., 87, 899 (1903). 
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The isolation of tetrahydroxystearic acid as one of the products of 
oxidation of the unsaturated acids of pumpkin seed oil is evidence of the 
presence in the latter of linoleic acid. As no hexahydroxystearic acid 
(linusic acid) could be isolated from the products of oxidation, it may 
be concluded that linolenic acid is not a constituent of the oil. 

The portion of the precipitated lead salt which remained undissolved 
by the above- described treatment with ether was examined as follows: 
The acid was recovered and dissolved in alcohol, when by the addition 
of successive portions of barium acetate five fractions of barium salt 
were obtained The corresponding fractions of acid from these salts 
melted at the following temperatures: (I) 53-54°; (II) 53-54°; (III) 
53- 54°; (IV) 34-56°, (V) oilv. After recrystallization, the melting 
points were as follows: ( 1 ) 56-58°: (II) 55-56°; (III) 54-55°, (IV) 57- 
59°. The acid values of these fractions corresponded to the following 
molecular weights: ( 1 ) 270; (II) 265; (III) 264; (IV) 260. The molec- 
ular weights of palmitic and stearic acids are 256 and 284 respectively. 

It w 7 as thus ascertained that the solid acids contained in that portion of 
the precipitated lead salt which was not dissolved by ether were the same 
as those initially separated from the total fatty acids, and consisted of a 
mixture of palmitic and stearic acids. 

II. Examination of the Press-cake. 

The so-called “press-cake,” resulting from the expression of 22 5 
kilograms of pumpkin seeds, deprived as completely as possible of the 
shells, amounted, as previously noted, to 12 7 kilograms. This material 
was completely extracted with hot alcohol, when, after the removal of 
the gleaner portion of the alcohol, a thin, dark -colored, oily extract was 
obtained, amounting to 2565 grams. The extract was brought into a 
flask with w r ater and subjected to distillation with steam, but yielded no 
volatile product. The contents of the distillation flask separated, on 
cooling, into an upper layer of fatty oil (A) and a lower aqueous liquid 
(B), the latter containing some resin (C). 

The Fatty Oil (A$. 

After separating the fatty oil as completely as possible from the aqueous 
liquid, the latter was extracted with light petroleum to remove a small 
amount of suspended oil. The petroleum liquids were then added to 
the main portion of oil, the wdiole filtered to remove suspended resin, 
washed with a little water, dried, and the petroleum removed. A quan- 
tity (1950 grams) of a dark green, fatty oil was thus obtained, which pos- 
sessed the following constants: d 20°/20° = 0.9230; saponification value, 
193.4; iodine value, 115.4. These figures are observed to be in close 
agreement with those afforded by the expressed oil, the complete inves- < 
tigatkm of which has already been described. It was therefore evident 
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that this produet from the press-cake merely represented that portion 
of the fatty oil of pumpkin seed which had not been removed by ex- 
pression. 

The Aqueous Liquid ( B ). 

As the resin (C) contained in the aqueous liquid ( B ) was in too fine a 
state of division to admit of its separation by filtration, this was effected 
by decantation, and it was subsequently well washed with water in the 
same manner. The aqueous liquid ( 23 ) then possessed a dark brown 
color, and when heated with a solution of sodium hydroxide developed 
ammonia. It yielded a precipitate with mercuric-potassium iodide 
and with iodine solution, but this behavior was evidently due to protein 
compounds and not to the presence of an alkaloid, since a preliminary 
test of the powdered seed for substances of this class by means of Prol- 
lius’ fluid had given a perfectly negative result. 

Isolation of Salicylic Acid. i 

The aqueous liquid was repeatedly extracted with ether, the ethereal 
liquid being washed, dried, and the solvent removed. About i gram 
of a brown, viscid mass w r as thus obtained, which gave, with 'ferric* chlo- 
ride a deep violet coloration. In order to purify the product it was warmed 
with aqueous sodium carbonate and animal charcoal, but the filtered 
liquid, on acidification, yielded a precipitate which could not be directly 
crystallized. On digesting the latter, however, with a large volume 
of light petroleum, filtering from the resinous matter, and removing the 
solvent, a very small quantity of colorless needles was obtained, which 
melted at 150-153°. The substance was soluble in sodium carbonate 
with evolution of carbon dioxide, gave a violet coloration with ferric 
chloride, and when heated with methyl alcohol in the presence of sul- 
phuric acid developed the characteristic odor of methyl salicylate. Al- 
though the amount of this substance was not sufficient for an analysis, 
its identity as salicylic acid could be considered definitely established. 

Treatment with Basic Lead Acetate . 

The aqueous liquid, after extraction with ether as above described, 
was treated with basic lead acetate, which produced a voluminous, yel- 
lowish brown precipitate. This was collected on a filter, thoroughly 
washed with water, then suspended in water, and decomposed by hydro- 
gen sulphide. On filtering the mixture a yellowish red liquid was ob- 
tained, which gave only a slight brown coloration with ferric chloride. 
The liquid was concentrated under diminished pressure, and, as it gave 
nothing crystalline on standing, was finally mixed with purified sawdust, 
and the dried mixture successively extracted in a Soxhlet apparatus 
with ether, ethyl acetate, and alcohol. These solvents, however, did not 
effect the separation oi any crystalline substance, 
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The filtrate from the basic lead acetate precipitate was treated with 
hydrogen sulphide for the removal of the excess of lead, filtered, and 
thifi filtrate concentrated under diminished pressure. A reddish brown 
sirupy liquid was thus obtained, which contained a large amount of 
sugar, since it readily yielded d-phenyiglueosazone, melting at 215 0 . 
The liquid deposited nothing crystalline, even on long standing, and a 
portion, when dried in purified sawdust and extracted successively with 
ether, ethyl acetate, and alcohol, likewise yielded nothing of a crystal- 
line nature. 

Treatment oj the Purified Aqueous Liquid with Dilute Sulphuric Acid . 

A portion of the aqueous liquid which had been purified by treatment 
with basic lead acetate, as above described, was heated for some time 
in a reflux apparatus with such ail amount of sulphuric acid that the 
latter represented about 5 per cent, by weight of the mixture. On sub- 
sequently passing steam through the liquid, the distillate was found to 
contain formic and acetic acids, but no oily drops. The aqueous, acid 
liquid remaining in the distillation flask contained a comparatively large 
quantity of resin. This was collected and well washed with water, but 
it was quite insoluble in the usual organic solvents, and possessed no 
further interest. Alter the separation of the resin, the aqueous liquid, 
which had a dark brown color, was extracted many times with ether. 
The combined ethereal liquids were washed, dried, and the solvent re- 
moved, when about 3 grams of a yellowish brown oil were obtained, 
which was fractionally distilled under the ordinary pressure. A small 
fraction was collected at 100-1 20°, which contained formic and acetic 
acids, but the larger portion distilled between 230 and 240°. On redis- 
tilling the latter, it passed over between 240 and 260°. This oil possessed 
a light yellow color, was freely soluble in water, and gave a precipitate 
with phenylhydrazine acetate. It was, furthermore, soluble in sodium 
carbonate with evolution of carbon dioxide and yielded a crystalline 
silver salt. The latter was precipitated in two fractions by the suc- 
cessive addition of silver nitrate to a solution of the sodium salt, and 
these fractions, after drying in a vacuum over sulphuric acid, were 
analyzed: 

I. 0.0973 of salt gave on ignition, 0.0462 Ag. Ag «■ 47.5. 

II. 0.5404 of salt gave on ignition, 0.2628 Ag. Ag •* 48.6. 

C ft H 7 0 ,Ag requires Ag — 48.4 per cent. 

These results established the identity of the above-described substance 
as levulinic acid. Us formation may be attributed to the action of the 
sulphuric acid on the sugar contained in the aqueous liquid. 

The aqueous liquid from which the levulinic acid had been extracted 
was next treated with just sufficient baryta to remove the sulphuric 
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acid, then filtered, and the filtrate concentrated. A dark brown sirup 
was thus obtained, which deposited nothing crystalline on standing. 

It will be seen from the above results that the purified aqueous liquid, 
on heating with sulphuric acid, yielded no product which would indicate 
the presence in it of a glucoside. 

The Resin (C). 

The resinous material from the “press-cake” amounted to no grams, 
and to this was added a small quantity (io grams) of resin obtained 
from the shells of the seed. For the examination of this resinous ma- 
terial it was digested with hot alcohol, then mixed with purified .sawdust, 
and the thoroughly dried mixture extracted successively in a Soxhlet 
apparatus with various .solvents, when the following amounts of ex- 
tract, dried at too°, were obtained: 

Petroleum (b. p. 30-45 °) extracted 75.0 grams = 62.5 per cent. 


Ether 

“ 50 


- 4-2 

u 

Chloroform 

“ 6.0 

u 

* 5 *o 

a 

Ethyl acetate 

“ 2.2 

u 

- 1.8 

tt 

Alcohol 

“ 16 0 

u 

* 13-3 

it 

Total, 

104.2 

u 

- 86.8 

a 


By this process of extraction a portion of the resin had evidently been 
rendered insoluble. 

Petroleum Extract of the Resin. 

This was a soft, black mass. It was heated in a reflux apparatus 
with an excess of an alcoholic solution of potassium hydroxide, the greater 
portion of the alcohol then removed, water added, and the alkaline mix- 
ture extracted with ether. The ethereal liquids were washed, dried, 
and the solvent removed, when about 1 gram of a light yellow solid was 
obtained. This was crystallized a few times from a mixture of ethyl 
acetate and alcohol, when it finally separated in thin plates, melting at 
157-159°- If was a phytosterol, and apparently identical with that 
previously isolated from the expressed oil of the seed. 

Isolation of a New Monocarboxylic Acid , c 26 h 61 o.co 2 h. 

The alkaline, aqueous liquid, from which the above-mentioned phytos- 
terol had been separated, contained an insoluble potassium salt in sus- 
pension. This was removed by filtration and separately examined. 
For this purpose it was heated for some time with dilute sulphuric acid 
in the presence of chloroform, when a solution of the corresponding free 
%cid in chloroform was obtained. This solution was washed, dried, and 
the solvent removed, when it yielded about 0.5 gram of a solid, wax-like 
substance. The latter was twice crystallized from alcohol, when it melted 
at 99 0 . 
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0.0986 gave 0.2728 C 0 2 and o 1138 H a O. C =* 75.5; H * 12.8. 

0.0777 neutralized 1.65 ec. 0.1 N KOH Neutralization value « 119.1. 

G^HajOa requires C «= 75.7; H = 12 6 per cent. Neutralization value = 136 1. 

The composition of this substance would thus appear to be represented 
by the formula C 26 H r>2 0 3 , which is that of a hydroxyccrotic acid. Two 
hydroxycerotic acids have hitherto been recorded, one of which was ob- 
tained synthetically and is stated to melt at 86 5 0 , 1 while the other, 
calculated for the formula C 27 H 54 O s , was isolated from coca leaves, and is 
stated to melt at 82 °. 2 As the above-described acid melts at a con- 
siderably higher temperature than either of the acids noted, it is ap- 
parently identical witli neither of them, and rnay possibly represent one 
of the numerous isomerides. 

The acid , C 26 H 52 0 3 , is very sparingly soluble in light petroleum and in 
cold alcohol, but is moderately soluble in hot alcohol, and dissolves more 
readily in ethyl acetate. When heated with ethyl alcohol in the presence 
of concentrated sulphuric acid, it yielded an ethyl ester , which melted at 
6i°. An attempt to obtain an acctvl derivative of the acid was not 
successful. 

The alkaline , aqueous liquid from which the insoluble potassium salt 
had been removed, as above described, was acidified with sulphuric acid 
and distilled with steam, but no volatile acid was found in the distil- 
late. The contents of the distillation flask were then extracted with 
ether, the ethereal liquid being filtered to remove some suspended resin, 
washed, dried, and the solvent removed. A quantity of dark colored, 
solid fatty acid was thus obtained which, when distilled under dimin- 
ished pressure, passed over almost entirely between 228 and 233 °/ 15 
mm., only a small amount of non-volatile resin remaining behind. The 
distillate was crystallized from acetic acid, wdien a product was obtained 
which melted at 54 °. 

0.2224 neutralized 8 05 ec. o \ N KOH. Neutralization value •« 203.1. 

C.M requires a neutralization value of 219.1 

C| 8 H w O a requires a neutralization value of 197.5. 

This product evidently consisted of a mixture of palmitic and stearic 
acids. 

The mother-liquors remaining from the crystallization of the above 
product wete found to contain some unsaturated acid. The acids con- 
tained in the mixture were therefore evidently the same as those pre- 
viously identified by us in the expressed oil of pumpkin seed. 

* Ether Extract of the Resin . 

This was a black, soft solid, amounting to only 5 grams. It was re- 
dissolved in ether, the ethereal solution being then extracted with aqueous 

1 Ann . chim. phys, [7], 7, 227. 

* Awn.* 271, 222 (1892). 

% 
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sodium carbonate, and subsequently with a io per cent, solution of sodium 
hydroxide. The sodium carbonate extract had a dark brown color and 
contained some insoluble sodium salt in suspension. The whole was 
acidified with dilute sulphuric acid, and extracted with ether, the ethereal 
liquid being washed, dried, and the solvent removed. A dark brown 
solid was thus obtained, which was dissolved in alcohol, and the solution 
decolorized by animal charcoal. On concentrating the liquid a very 
small amount of a colorless substance was deposited, which melted at 
98-99° and was identical with the acid C 20 H M O 3 , which had previously 
been isolated from the petroleum extract of the resin. The subsequent 
extraction of the original ethereal solution witft sodium hydroxide yielded 
only a trace of an amorphous, yellow solid, and on finally removing the 
ether only a small quantity of a light green, gelatinous mass was ob- 
tained. 

Chloroform , Ethyl Acetate and Alcohol Extracts of the Resin ^ 

These were all black, brittle solids, and nothing crystalline could* be 
obtained lrom them. 

III. Examination of the Shells. 

The shells or husks from 21.5 kilograms of pumpkin seed amounted 
to 4680 grams, thus corresponding to 20.8 per cent, of the weight of 
the latter. 

The material was ground and extracted by continuous percolation 
with hot alcohol. After the removal of the greater portion of the alco- 
hol there remained a dark-colored oil. This was mixed with water and 
distilled with steam, but no volatile product was obtained. The con- 
tents of the distillation flask separated, on cooling, into an upper layer 
of fatty oil (A) and a lower aqueous liquid ( B ), the latter containing 
some resin (C). 

The Fatty OH (A). 

The entire liquid contained in the distillation flask, consisting, as above 
described, of fatty oil and a lower aqueous portion, was shaken with light 
petroleum. The petroleum liquid was filtered to remove a small amount 
of resin, washed with water, dried with anhydrous sodium sulphate, 
and the solvent removed. A quantity (595 grams) of a dark green, 
fatty oil was thus obtained, which possessed the following constants: 
d 20 0 / 20 0 « 0.9236; saponification value, 190.3; iodine value, 118.5. 
These figures are in close agreement with those afforded by both the ex- 
pressed oil and that obtained from the “ press-cake/’ and the constituents 
of the three oils were practically the same. 

The Aqueous Liquid (£). 

This liquid, which had a dark brown color, was filtered to remove a 
small amount of resin. It was then repeatedly extracted with ether, 
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the combined ethereal liquids being washed, dried, and the solvent re- 
moved, when about 2 grams of a dark brown, resinous substance were 
obtained. The latter was redissolved in ether, and the ethereal solution 
extracted with alkalies, which removed the greater portion of the sub- 
stance. It gave a violet coloration with ferric chloride and appeared to 
contain traces of salicylic acid, which had been definitely identified in a 
corresponding product from the “press-cake,” but the amount in the 
present instance was too small to permit of its isolation. 

The aqueous liquid was subsequently treated with a slight excess of 
basic lead acetate, which produced a voluminous, light brown precipi- 
tate. The latter was collected on a filter, well washed, and then sus- 
pended in water and decomposed by hydrogen sulphide. After remov- 
ing the lead sulphide by filtration, a reddish brown liquid was obtained, 
which gave a dark brown coloration with ferric chloride, indicating the 
presence of some tannic matter. This liquid was concentrated under 
diminished pressure, but nothing separated on standing, and, when mixed 
with purified sawdust, and the dried mixture extracted with various 
solvents, it yielded nothing crystalline. 

The filtrate and washings from the basic lead acetate precipitate pos- 
sessed a light green color. This was due to the presence of a very small 
amount of copper, which, by a special test, was found to be contained 
in the original pumpkin seed. 1 After treatment with hydrogen sul- 
phide for the removal of the excess of lead, and filtering, the liquid was 
concentrated under diminished pressure to a small bulk. It then had a 
reddish brown color and contained a quantity of sugar, since it readily 
yielded d-phenylglucosazone, melting at 208°. A portion of the liquid 
was mixed with purified sawdust and the dried mixture extracted suc- 
cessively with ether, ethyl acetate, and alcohol, but no crystalline sub- 
stance was removed by these solvents. Another portion of the liquid 
w r as treated with dilute sulphuric acid in the manner described in connec- 
tion with the corresponding liquid from the “ press- cake/' The products 
were the same as those yielded by the last- mentioned liquid. 

The Resin (C). 

The total amount of resinous material obtained from the shells of the 
pumpkin seed was about 10 grams. It formed a black, brittle mass, 
and, as already noted, was examined in connection with the larger amount 
of resin obtained from the “press-cake.” 

Summary and Conclusions. 

In view of the somewhat extended details of the present investiga- 
tion, a summary of the more important results may here be appended, 

1 An account of the wide distribution of copper, in both the vegetable and animal 
kingdoms, is recorded in the Am . J. Pharm 77, 274 (1905). 
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together with a record of some physiological tests and the deductions 
therefrom. 

The kernels of the pumpkin seed, separated as completely as possible 
from the shells, were subjected to strong hydraulic pressure, when they 
yielded a quantity of fatty oil, together with the so-called “press-cake.” 
These products were then separately examined. 

I. The Fatty Oil. - The amount of oil obtained from the kernels by ex- 
pression corresponded to 19 3 per cent, of the weight of the entire seed. 
The entire seed, when ground and extracted with light petroleum, yielded 
34.3 per cent, of fatty oil. The expressed oil, which was optically inact- 
ive, possessed the following constants: Specific gravity, 2O 0 /2O° = 
0.9220; acid value, 3.4; saponification value, 189.4; iodine value, 119 7. 
The composition of the oil was approximately as follows: 


Linoleic acid, as glyceride, 
Oleic acid, as glyceride, 


Palmitic acid \ 
Stearic acid ) 


as glycerides, 


45 per cent. 
25 




The oil contains no myristic acid, as has previously been asserted, 
and of the two solid acids the palmitic acid is in somewhat the larger 
amount. It contains a very small amount of a phytosterol, C 27 H 46 () 
(m. p. 162-163 °), and apparently another substance of this class, having 
a lower melting point. 

II. The “Press-cake .”— This material was extracted with hot alcohol, 
and in the resulting product the presence of the following constituents 
was determined: (1) A quantity of fatty oil, corresponding to 8 7 per 
cent, of the weight of the entire seed, and agreeing closely in character 
with that obtained by expression; (2) soluble protein products; (3) a 
quantity of sugar; (4) a very small amount of salicylic acid; (5) resinous 
material, amounting to about 0.5 per cent, of the weight of the entire 
seed. From the resin there w r ere isolated a very small amount of a phy- 
tosterol (m. p. 157-159°), apparently identical with that obtained from 
the expressed oil, and a new monocaiboxylic acid (m. p. 99°), agreeing in 
composition with a hydroxycerotic acid, C 2 5II 51 ClC 0 2 H, which yielded 
an ethyl ester melting at 61 c , 

III. The Shells . — These amounted to 20.8 per cent, of the weight of 
the entire seed. When extracted with hot alcohol they yielded a fatty 
oil (amounting to 2.6 per cent, of the weight of the entire seed), which 
agreed closely in character with that obtained from the kernels by ex- 
pression. They also contained sugar and a very small amount of resin- 
ous material. With the exception of traces of copper, a complete ex- 
amination of the shells disclosed the presence of no substance which i$ 
not contained in the kernel of the seed. 



CHEMICAL, EXAMINATION OF PUMPKIN SEED. 


359 


Physiological T ests. 

It was finally deemed of interest to ascertain, if possible, whether 
either the fatty oil or the resin possesses the taenifuge properties which 
are ascribed to pumpkin seed. For this purpose some preliminary ex- 
periments were kindly conducted for us by Dr. H. H. Dale, Director of 
the Wellcome Physiological Research Laboratories, to whom our thanks 
are due. 

The pure expressed oil of pumpkin seed, such as was used for our chem- 
ical investigation, was administered in doses of 30 cc., and under the usual 
conditions of a restricted diet, to two dogs that were known to be afflicted 
with tapeworm. After an interval of several hours, castor oil was given, 
but in neither of these cases could any tapeworm be found in the ex- 
creta. 

One gram of the resin, obtained from the kernel of the seed as above 
described, was administered to a small dog which had been given no food 
for 20 hours. Nothing happened during the 6 hours following its ad- 
ministration, and the dog was then given 20 cc. of castor oil. This pro- 
duced fairly copious, loose evacuations, in which isolated, macerated 
proglottides were detected, but 110 considerable length of tapeworm. 
The resin obtained from the shells or husks of the seed was given to an- 
other dog in about the same amount (o 9 gram) as in the preceding ex- 
periment, and under similar conditions, but with an equally negative 
result. While these experiments have thus shown the resin of pumpkin 
seed to be perfectly innocuous, they have, on the other hand, afforded 
no indication that it possesses anthelmintic properties. 

Through the kindness of several medical practitioners in different 
parts of the country an opportunity was afforded us of testing the pumpkin 
seed oil in five cases of tapeworm, four of w r hich occurred in children. 
The amount of oil administered varied from half a ffuidounce to two 
ounces (15 to 60 cc.), and, although the dose was in some cases repeated, 
in no instance did it effect the complete removal of the worm. In one of 
these cases, that of a child of seven years, in which 2 ounces (60 cc.) 
of the oil had removed a portion of the worm, a trial was subsequently 
made of the resin from the seed. One gram of this material (representing 
approximately 200 grams of pumpkin seed) was administered in the 
early morning, w r hile fasting, and was followed in two hours by a dose of 
castor oil. No ill effects were observed, and, although the child was 
purged several times, neither the worm nor any fragment of it appeared. 

In conclusion it may be said that the results of the above-described 
experiments do not enable us to confirm the recorded statements respect- 
ing the efficacy of either the fatty oil or the resin of pumpkin seed as a 
taenifuge. As it is evident that these seeds contain no principle ex- 
hibiting marked physiological activity, any value which they may actually* 
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possess, when administered in substance for the purpose indicated, would 
therefore appear to be attributable to a mechanical action. In any 
case, the remedial value of pumpkin seeds cannot be considered such as 
to justify their recognition by a national pharmacopoeia. 


[Contribution from the Wellcome Chemical Research Laboratories, London.] 

CHEMICAL EXAMINATION OF WATERMELON SEED. 

By Frederick B. Power and Arthur H. Sadway. 

Received January 13, 1910 

The seeds of the watermelon (Cucurbita c/itrullus } Linnd) have been em- 
ployed to some extent medicinally on account of their diuretic proper- 
ties, but chiefly as a domestic remedy. So far as known to us, they have 
never been examined chemically. Lewkowitsch 1 has briefly noted the 
physical and chemical constants of the fatty oil, and of the mixed fatty 
acids obtained therefrom, but makes no statement regarding the com- 
position of the oil, and no further information concerning this [froclpct 
appears to be available. 

As many of the plants belonging to the family of CtLcurbitaceae contain 
in some of their parts substances which possess a considerable decree of 
physiological activity, it was deemed desirable to submit the seeds of 
the watermelon to a complete chemical examination. Such an investiga- 
tion appeared, furthermore, of interest from the point of view of com- 
paring the constituents of these seeds with those of the common pump- 
kin ( Cucurbita pepo , Linn£), which have recently been completely ex- 
amined by us. 2 

EXPERIMENTAL. 

The material employed was obtained from the United States and con- 
sisted of fresh watermelon seeds of good quality. 

A portion of the crushed seed was first tested for the presence of an 
alkaloid by means of Prelims’ fluid, but with a negative result. 

For the purpose of a complete investigation, 22.5 kilograms of the 
seed were crushed and the shells separated as completely as possible 
from the kernels. The shells amounted to 10.95 kilograms, thus corre- 
sponding to 48. 7 per cent, of the weight of the seed. The ground kernels 
were then subjected to strong hydraulic pressure, when 1665 grams of 
fatty oil were obtained, corresponding to 7.4 per cent, of the weight of 
the entire seed. The so-called “press-cake” remaining after the removal 
of the oil amounted to 8.88 kilograms. These operations, connected with 
the expression of the oil, were carefully conducted for us by Messrs. Staf- 
ford, Allen & Sons, of London, to whom our thanks are due. 

1 “Chemical Technology and Analysis of Oils, Fats and Waxes," 3rd Edit., Vol II, 

p. 5 

* This Journal, 32, 346. 
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A portion of the entire seed, when ground and extracted in a Soxhlet 
apparatus with light petroleum (b. p. 30-45°), yielded 19.0 per cent, 
of fatty oil. 

I. Examination of the Expressed Oil. 

The expressed oil of watermelon seed has a light yellow color and, 
unlike that from pumpkin seed, is completely devoid of fluorescence. 
The constants of the oil were determined with the following results: 



Expressed oil. 

Oil extracted 
by petroleum. 

Specific gravity 20 0 /20 0 

O.9233 

O.9219 

Acid value 

3-9 

3-6 

Saponification value 

191.8 

189.9 

Iodine value 

I2I.I 

. 121.8 


For a complete chemical examination of the oil, 250 grams of it were 
employed. It was first subjected to distillation with steam, but the dis- 
tillate contained no volatile oil nor any acid. 

Hydrolysis of the Oil. 

The oil which had been subjected to distillation with steam, as above 
described, was separated from the water, the latter then extracted with 
ether to recover a small amount of suspended oil, and, after adding this 
to the main portion, the whole was hydrolyzed by heating with an alco- 
holic solution of 70 grams of potassium hydroxide. The greater por- 
tion of the alcohol was then removed, water added, and the alkaline 
liquid repeatedly extracted with ether. The ethereal liquids were uni- 
ted, washed with a little water, dried with anhydrous sodium sulphate, 
and the ether removed, when about o 5 gram of a light yellow oil w^as 
obtained, which soon solidified. The solid product, after three crys- 
tallizations from a mixture of ethyl acetate and alcohol, separated in 
pearly leaflets, melting at 163-164°. After drying at 105° it was 
analyzed : 

0.0881 gave 0.2667 C 0 2 and 0.0905 H 2 0 . C — 82.6; H — 11.4. 

C 20 H m O requires C - 82 8; H « 11 .7 per cent. 

This substance, when dissolved in chloroform wdth a little acetic an- 
hydride, and a drop of sulphuric acid subsequently added, gave a blue 
coloration, rapidly changing to green, and finally to brown. It is evi- 
dently a phytosterol. 

The. Fatty Acids . 

The alkaline, aqueous solution of potassium salts, which had been ex- 
tracted wdth ether as above described, was acidified wdth sulphuric acid 
and the mixture distilled with steam. The distillate, however, contained 
no volatile acid. The fatty acids remaining in the distillation flask were 
taken up with ether, the ethereal solution being washed, dried, and the , 
solvent removed. For the purpose of determining the constants of the 
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mixed fatty acids, a portion was heated for some time at ioo° under 
diminished pressure, in order to remove the last traces of ether, after 
which the following results were obtained: M. p. (complete fusion), 
35°; d 50°/so.° = 08894; neutralization value, 198.2; iodine value, 

118.2. Optically inactive. A determination of the acetyl value indi- 
cated the absence of hydroxy acids. 

The mixed fatty acids, which consisted of a liquid and a solid portion, 
were first partially separated by filtration with the aid of a pump. The 
solid acids were then fractionally crystallized from alcohol until no further 
separation could be effected by this means. The least soluble fraction 
melted at 66-68°, and was considerable in amount. In order to ascer- 
tain whether this* fraction was homogeneous, it was dissolved in hot alco- 
hol and a measured portion of concentrated, aqueous barium acetate 
added, drop by drop, with constant stirring. The mixture was then fil- 
tered, while still hot, with the aid of a pump, and the precipitate washed 
with a little hot alcohol. The whole operation was then repeated, ai?d ip 
this manner four successive fractions of barium salt were obtained. The 
acids liberated from each of these fractions were crystallized once from 
alcohol, when they had the following melting points: 69-70°, 69-70°, 
67-69°, 65-67°. The acid melting at 69-70° separated in glistening, 
pearly leaflets and was analyzed: 

o. 1267 gave 0.3522 C0 2 and o 1448 H 2 0. C 75 8; H = 12.7. 

0*5^55 neutralized 18. 1 cc. 0.1 N KOH. Neutralization value — 197. o°. 

Ci 8 H 36 0 2 requires C = 76.1; H «* 12.7 per cent. Neutralization value — 197. 5. 

It is thus evident that the substance melting at 69-70° was stearic 
acid, and that no acid of higher carbon content was present. 

All the portions of acid obtained in the course of the original frac- 
tionation which melted below 66-68° were united and fractionally pre- 
cipitated with barium acetate in the manner previously described. Six 
fractions of barium salt were thus obtained, from which the acids were 
subsequently liberated. The last of these fractions of acid was oily, and 
to a large extent unsaturated, while the remaining five fractions, after 
being once crystallized from alcohol, melted at 66-68°, 65-67°, 65-67°, 
64-66°, and 57-5S 0 , respectively. Each of these fractions was titrated, 
with the following results : 

Fraction 1 (m. p. 66-68°), 0.2661 ‘neutralized 9.5 cc. 0.1 N KOH. N. V. * 

200.3. 

Fraction 2 (m. p. 65-67°), 0.1356 neutralized 4.8 cc. 0.1 N KOH. N. V. ■» 

198.6. 

Fraction 3 (m. p. 65-67°), 0.1828 neutralized 6.5 cc. 0.1 N KOH. N. V. — 
199-5- 

Fraction 4 (m. p. 64-66°), 0.0876 neutralized 3.15 cc. 0.1 N KOH. N. V. — 
201 . 8. 

Fraction 5 (m. p. 57-58°), 0.1707 neutralized 6.35 cc. 0.1 N KOH. N. V. •» 

208.7. 
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C ig H M O a requires a neutralization value of 197.5. 

CwHjaOa requires a neutralization value of 219.1. 

From the above results it was evident that fractions 1-4, inclusive, 
consisted, to a large extent, of stearic acid, while fraction 5 would appear 
to have contained about equal parts of stearic and palmitic acids. 

It may therefore be concluded that the solid fatty acids of watermelon 
seed oil consist only of palmitic and stearic acids, the latter being present 
in the larger proportion. 

The liquid acids, which had been separated from the solid portion as 
previously described, constituted the larger proportion of the total fatty 
acids. In order to separate the small amount of saturated acids still 
contained in the liquid portion, the whole was converted into a lead salt* 
and this extracted with ether. The portion of lead salt soluble in ether 
yielded 145 grams of liquid acid, which possessed the following constants: 
d 20 0 / 20 0 = 0.9027; b. p. 233~24o°/2o mm. ; neutralization value, 200. 1 ; 
iodine value, 142 1. 

o 1230 gave o 3433 C 0 2 and 0.1293 H 2 0 . C 76.1; H = 11.7. 

Cj«H 34 0 3 requires C — 76.6; H ~ 12.1 percent. 

C 18 H 32 0 2 requires C *= 77.1; H = 11.4 per cent. 

The above results indicated that the liquid acid consisted of a mix- 
ture of unsaturated acids, and with the endeavor to effect their separa- 
tion a method was employed which depended on the fractional precipi- 
tation of their barium salts. Five fractions of barium salt were thus ob- 
tained, each of which was shaken with hydrochloric acid in the presence 
of ether, the ethereal solution being subsequently washed, dried, and the 
solvent removed. After heating for a time at ioo° under diminished 
pressure, in order to remove the last traces of ether, the iodine value of 
the several fractions of acid was determined: 

Fraction I o. 1035 of acid absorbed o. 1455 I. Iodine value — 140.6. 

Fraction II. o, 1573 of acid absorbed o 2249 I. Iodine value = 143.0. 

Fraction III. 0.1436 of acid absorbed 0.2073 I. Iodine value « 144 4 

Fraction IV. 0.0983 of acid absorbed 0.1417 T. Iodine value = 144.2. 

Fraction V. 0.0987 of acid absorbed 0.1417 I. Iodine value = 143 6. 

C 18 H 34 0 2 requires an iodine value of 90.1. 

C 18 H m 0 8 requires an iodine value of 181.4. 

The first fraction still contained a small amount of saturated acid, 
while the iodine values of the remaining four fractions indicated that the 
latter were practically identical in composition. It was, however, also 
apparent that a separation of the acids had not been effected by the above- 
described method. 

From the iodine values above noted it could be concluded that the 
mixture of unsaturated acids consisted of oleic and linoleie acids in ap- < 
proximately equal proportions. In order to confirm this assumption, 
30 grams of the mixture were oxidized in alkaline solution with an equal 
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weight of potassium permanganate. The product of oxidation was 
digested with large quantities of ether, which extracted a substance 
melting at 126-128° and which, after crystallization from alcohol, sep- 
arated in small, glistening leaflets melting at 128°. 

o. 1039 gave 0.2594 CO a and o. 1075 H a 0 . C 68.1; H = 11.5. 

C,|,H m 0 4 requires C — 68.4; H — 11.4 per cent. 

This substance was evidently dihydroxystearic acid, and its formation 
established the presence of oleic acid in the mixture of liquid acids. 

The oxidation product, after extraction with ether, was heated with 
large quantities of water, and the liquid filtered while hot. These de- 
posited a pure white, crystalline substance, melting at 154-1 55°, which, 
after crystallization from alcohol, separated in small, thin needles, melt- 
ing at the same temperature. 

0.1138 gave 0.2574 CO a and 0.1068 H a O. C » 61.7; H =* 10.4. 

requires C — 62.1; H = 10.3 per cent. ^ 

This substance was thus identified as tetrahydroxystearic acid (sativic 
acid), and its formation established the presence of linoleic acid in the 
mixture of liquid acids. As no hexaliydroxystearic acid could’ be isola- 
ted from the product of oxidation, it may be concluded that linolenic 
acid is not a constituent of the oil. 

II. Examination of the Press-cake. 

The so-called “press-cake” resulting from the expression of 22.5 kilo- 
grams of watermelon seeds, deprived as completely as possible of the 
shells, amounted, as previously noted, to 8.88 kilograms. This was 
completely extracted with hot alcohol, when, after the removal of the 
greater portion of the alcohol, a thin, dark brown, oily extract was ob- 
tained, amounting to 1644 grams. It evidently contained a considera- 
ble quantity of fatty oil which had escaped expression from the seed, 
and which was removed by treating the extract with light petroleum 
(b. p. 30-45°), The amount of fatty oil obtained in this way was 1340 
grams, thus corresponding to 81.5 per cent, of the total alcoholic ex- 
tract. Its constants were as follows: d20°j20° =*= 0.9328; saponifica- 
tion value, 191.4; iodine value, 112.7. 

The fatty oil obtained from the press-cake, as above described, would 
naturally be expected to be similar in composition to that obtained from 
the seed by expression, and its examination proved this to be the case. 
It was found to contain a very small amount of a phytosterol, melting 
at 160°, and the mixed fatty acids obtained on hydrolysis possessed the 
following constants: m. p., 34 °;d 50°/50° «* o. 8916; neutralization value, 
197.6; iodine value, 129.5. These acids, like those obtained from the 
expressed oil, consisted of a mixture of palmitic, stearic, oleic aftd lin- 
olic acids. 

The portion of the alcoholic extract which remained undissolved by 



CHEMICAL EXAMINATION OF WATERMELON SEED. 365 

treatment with light petroleum was subjected to distillation wdth steam, 
but no volatile product was obtained. The contents of the distillation 
flask then consisted of a dark colored aqueous liquid (A) and a quantity 
of a black resin (B), which were separated by filtration and the resin 
well washed with water. 

The Aqueous Liquid (A). 

The aqueous liquid was repeatedly extracted with ether, the ethereal 
liquids being washed, dried, and the solvent removed. About o 5 gram 
of a viscid, brown oil was thus obtained, which deposited nothing in the 
cold, and which, in alcoholic solution, gave with ferric chloride a green 
coloration. The oily product was digested with a large volume of light 
petroleum, but no crystalline substance could be isolated from it. It 
was thus ascertained that the seed of the watermelon, unlike those of the 
pumpkin, do not contain salicylic acid. 

Treatment with Basic Lead Acetate. 

The aqueous liquid, which had been extracted with ether as above 
described, was subsequently treated with basic lead acetate, which yielded 
a yellowish brown precipitate. The latter was collected on a filter, 
thoroughly washed, and then suspended in water and decomposed by 
hydrogen sulphide. On filtering the mixture and concentrating the fil- 
trate under diminished pressure, a reddish brown liquid was obtained, 
which gave a bluish black coloration wdth ferric chloride, thus indica- 
ting the presence of tannin. As the liquid deposited only a little amor- 
phous material on standing, it w as finally mixed with purified sawriust and 
the dried mixture extracted successively in a Soxhlet apparatus with 
ether, ethyl acetate and alcohol. These solvents, however, did not effect 
the separation of any crystalline substance. 

The filtrate from the basic lead acetate precipitate was treated with 
hydrogen sulphide for the removal of the excess of lead, filtered, and this 
filtrate concentrated under diminished pressure. A reddish brown, 
sirupy liquid was thus obtained, w T hich contained a large amount of sugar, 
since it readily yielded d-phenylglucosazone, melting at 210°. The 
liquid gave a precipitate with potassium-mercuric iodide, and on heating 
with alkalies evolved ammonia, but these reactions were evidently due 
to protein products and not to the presence of an alkaloid, since the en- 
tire seed, when tested for substances of this class by means of Prelims' 
fluid,, gave a perfectly negative result, 

A portion of the aqueous liquid which had been purified by treatment 
with basic lead acetate, as above described, was heated for some time 
in a reflux apparatus with such an amount of sulphuric acid that the < 
latter represented 5 per cent, by weight of the mixture. During the 
operation a quantity of resinous material separated, which, was quite 
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insoluble in the usual organic solvents. On subsequently passing steam 
through the liquid a slightly acid distillate was obtained, in which the 
presence of formic and acetic acids was determined. The acid, aqueous 
liquid which remained in the distillation flask was repeatedly extracted 
with ether, which, however, removed only traces of brown, amorphous 
material. No evidence was thus obtained of the presence in the aqueous 
liquid of any definite substance of a glucosidic nature. 

The Resin (B). 

The resin from the “press-cake” amounted to 70 grams. The greater 
portion of this material (68 grams) was digested with hot alcohol, then 
mixed with purified sawdust, and the thoroughly dried mixture extracted 
successively in a Soxhlet apparatus with various solvents, when the 
following amounts of extract, dried at ioo°, were obtained: 

Petroleum (b. p. 30-45 °) extracted 27.0 grams « 39.7 per cent. 


Ether 

u 

3.8 “ 

« 5.6 

u 


Chloroform 

u 

30 “ 

“ 4-4 

ft 


Ethyl acetate 

a 

2.2 u 

- 3 2 

ft 


Alcohol 

u 

15-5 “ 

*■ 22.8 

ft 


Total, 


515 “ 

* 75-7 

I ft 



By this process of extraction a considerable portion of the resin had 
evidently been rendered insoluble. 

Petroleum Extract of the Resin . 

This was a dark-colored, viscid product. It was heated in a reflux 
apparatus with an excess of an alcoholic solution of potassium hydroxide, 
the greater portion of the alcohol then removed, water added, and the 
alkaline mixture extracted with ether. The ethereal liquid was washed, 
dried, and the solvent removed, when a very small quantity (0.2 gram) 
of a light yellow solid was obtained. This was crystallized from a mix- 
ture of ethyl acetate and alcohol, when it melted at 15S-159 0 . It was a 
phytosterol and apparently identical with that previously isolated from 
the expressed oil of the seed. 

The alkaline, aqueous liquid, from which the above-mentioned phytos- 
terol had been separated, was acidified with sulphuric acid and extracted 
with ether. During the extraction a small quantity of resinous matter 
separated, which was removed by filtration. This was dried on a porous 
tile, and then dissolved in pyridine, when it yielded a crystalline substance 
which, after a few crystallizations from the same solvent, separated in 
colorless, prismatic needles, melting and decomposing at about 260°. 
It was found to be identical with a new substance, C 34 H 40 O 4 , which was 
subsequently isolated from the ether extract of the resin, as described 
below. 

The ethereal liquid, as above obtained, was washed, dried, and the 
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solvent removed, when it yielded a mixture of fatty acids. This was 
distilled under diminished pressure, when it passed over between 230 
and 245 °/ 2 5 mm., leaving only a small amount of resin. The distilled 
product, on cooling, became partially solid. The solid portion was there- 
fore separated by filtration, with the aid of the pump, and crystallized 
from alcohol, when it was obtained in glistening plates, melting at 60-62°. 

0.3561 neutralized 32.2 ec. 0.1 N KOH. Neutralization value — 208.0. 

C 18 H 30 O 3 requires a neutralization value of 107.5. 

C la H 32 0 2 requires a neutralization value of 219 r. 

The product evidently consisted of a mixture of palmitic and stearic 
acids in about equal proportions. 

The liquid acids which had been separated from the solid portion by 
filtration wete for the most part unsaturated, since they readily absorbed 
bromine, and the presence of oleic acid was also indicated by the be- 
havior towards nitric acid. 

The fatty acids contained in the petroleum extract of the resin w r ere 
therefore the same as those obtained from the expressed oil of Avater- 
melon seeds. 

Ether Extract 0} the Resin. 

Isolation 0} a Nm Alcohol , Cucnrbitol , C 2 ,Il 40 O 4 . — The ether extract of 
the resin w T as a dark brown, soft mass, and amounted to only 3 8 grams. 
It was digested with cold alcohol, which removed the coloring matter, 
while the greater portion of the mateiial remained as a yellowish brown 
powder. This was collected on a filter and washed w T ith a little cold alco- 
hol, after which it was dissolved in warm pyridine. From this solution 
a substance separated in the form of radiating clusters of colorless needles, 
which, when slowly heated, melted and decomposed at 260°. The sub- 
stance, after drying at no°, w'as analyzed: 

0.0626 gave o 1680 C 0 2 and o 0587 H a 0 . C * 73 2; H - 10 4 
requires C — 73 . 5 ; H — 10.2 percent. 

The substance is thus seen to agree in composition with the formula 
C2 4 H 40 O 4 . When dissolved in chloroform with a little acetic anhydride, 
and a drop of concentrated sulphuric acid subsequently added, a blue 
coloration is produced, which slowly becomes greenish, and finally dull 
brown. When heated with acetic anhydride it yielded an acetyl de- 
rivative which crystallized in radiating clusters of fine needles, melting 
at 1 50°. The acetyl derivative is very soluble in ethyl acetate and 
moderately so in alcohol, but the amount available was not sufficient 
for analysis. 

No substance of the formula C 24 H 40 O 4 , possessing properties similar 
to those above described, has hitherto been recorded. With considera- 



368 


ORGANIC AND BIOWGICAI*. 


tion, therefore, of the source and alcoholic nature of the new compound, 
it is proposed to designate it cucurbitol. 

It is of interest to note, in this connection, that two substances of alco- 
holic nature, which appear to be closely related to cucurbitol, have re- 
cently been isolated in these laboratories. One of these was obtained 
from the resin of Grindelia camporum, Greene, and agrees in composi- 
tion with the formula CaaHggO^ It melts at 256-257°, and yields an 
acetyl derivative melting at 161 0 . 1 This compound, which was not 
previously named, may now be conveniently designated grindelol. The 
other substance was obtained from jalap resin and possesses the formula 
C 21 H S4 0 4 . 2 The latter compound, designated ipurganol, melts at 222- 
225° and yields an acetyl derivative melting at 166-167°. The three 
substances, cucurbitol, grindelol, and ipurganol, show slight differences 
in their color reactions when subjected to the above-mentioned test 
in chloroform solution with acetic anhydride and concentrated sulphuric 
acid. Thus ipurganol gives at first a purplish pink coloration, chang- 
ing to blue, then becoming bright green, and finally brown, w T hile grin- 
delol gives at first a blue color, which changes to a duller green than the 
preceding, and finally becomes brown, and in the case of cucurbitol the 
intermediate greenish tint is still less pronounced. In view of the com- 
position and character of these three new compounds, it is evident that 
they are members of a homologous series, which is represented by the 
general formula C ft H 2n ^ 8 0 4 . 

Chloroform , Ethyl Acetate and Alcohol Extracts of the Resin . 

The chloroform and ethyl acetate extracts were both very small in 
amount (3.0 and 2.2 grams respectively), and, like the alcohol extract 
of the resin, formed brittle, black solids. They were all carefully ex- 
amined, but nothing definite could be isolated from them. 

III. Examination of the Shells. 

The shells from 22.5 kilograms of watermelon seeds amounted to 10.95 
kilograms, thus corresponding to 48 . 7 per cent, of the weight of the seed. 
This material was ground and extracted by continuous percolation with 
hot alcohol. After the removal of the greater portion of the alcohol, a 
dark-colored, oily product was obtained, which contained some resin in 
suspension. The entire amount 'of extract (907 grams) was first mixed 
with a large volume of light petroleum, in order to effect the separation 
of the fatty oil (A). The portion of extract remaining undissolved by 
the petroleum may be designated as (B). 

The Fatty Oil (A). 

The petroleum solution of the fatty oil was filtered, dried with anhy- 

1 Compare Proc . Am. Pharm . Assoc. , 5$, 342 (1907). 

* This Journal, 32, 89. 
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drous sodium sulphate, and the solvent removed. A dark green, opaque 
oil was thus obtained, which amounted to 750 grams, or 82.7 per cent, 
of the total alcoholic extract. It possessed the following constants: 
d 20 0 / 20 0 = 0.9351; saponification value, 191.3; iodine value, 114.6. 

For the examination of the fatty oil 150 grams of it were employed. 
This was brought into a flask with a little water and steam passed through 
the mixture, but the distillate contained only traces of volatile acid. 

Hydrolysis of the Oil. 

The fatty oil remaining in the distillation flask after the above-men- 
tioned treatment with steam was separated from the water and hydro- 
lyzed by heating with an alcoholic solution of 40 grams of potassium 
hydroxide. The greater portion of the alcohol was then removed, water 
added, and the alkaline solution extracted repeatedly with ether. The 
ethereal liquids were united, washed with water, dried with anhydrous 
sodium sulphate, and the solvent removed. About 0.5 gram of a solid 
substance was thus obtained, which crystallized readily from a mixture 
of ethyl acetate and alcohol. It first melted at 140°, and after a second 
crystallization separated in pearly leaflets, melting at 141-142°. After 
drying at 105° it w'as analyzed: 

0.0970 gave 0.2930 CO a and o. 1012 H a 0 . C *= 82 .4; H — 11 6. 

C 20 H w O requires C 82 8; H 11.7 percent. 

This substance is thus seen to be a phytosterol, and its identity was 
further confirmed by the characteristic color reactions. 

The Fatty Acids. 

The alkaline, aqueous solution of potassium salts, wdiich had been 
extracted with ether as above described, was acidified with sulphuric 
acid and again extracted w T ith ether, the ethereal solution being washed, 
dried, and the solvent removed. A dark brown, semi-solid mass of fatty 
acids was thus obtained, which possessed the following constants: M. p., 
32°; d 50°/50° = 0.8968; neutralization value, 200 2; iodine value, 
115-8. 

The acid, aqueous liquid which had been extracted with ether was dis- 
tilled with steam, but the distillate contained only traces of volatile 
acid. 

The mixed fatty acids were first separated into a solid and a liquid 
portion by filtration with the aid of a pump. The solid portion was 
then fractionally crystallized from alcohol, when the least soluble frac- 
tion, on further crystallization, melted successively at 63-66°, 66-68°, 
68-69°, and finally at 71°. It was thus evident that some acid of higher 
carbon content than stearic acid was present, and the substance melt- 
ing at 71 0 was analyzed: ^ 
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0.1060 gave 0.2968 CO a and 0.1201 H a 0 . C *» 76 .4; tt «* 12.6. 

CigHgeOa requires C * 76.1; H — 12.7 percent. 

C# 0 H 40 O 2 requires C « 76.9; H *» 12.8 per cent. 

This substance thus appeared to consist of a mixture of stearic and ara- 
chidic acids, and the separation of the latter in a pure state was subse- 
quently accomplished by the fractional distillation of the solid portion 
of mixed fatty acids. On distilling the solid acids under diminished 
pressure, they began to boil at 230 °/i 8 mm., but nearly the entire amount 
passed over between 233 and 240 °/i 8 mm., while a small final fraction 
was collected at 240-250° / 18 mm. The last- mentioned fraction readily 
solidified on cooling, and was then crystallized twice from ethyl acetate, 
from which it separated in rosettes of glistening leaflets, melting at 76-78°. 

0.0935 gave 0.2633 CO a and 0.1077 H a 0 . C » 76.8; H = 12 8. 

C a0 H 40 O a requires C ■» 76 9; H «* 12.8 percent 

The identity of this substance as arachidic acid was thus established. 

The fraction of acid distilling at 230-233° / 18 mm. melted at *59-60°, 
while that collected between 233 and 240 °/i 8 mm. melted at 62-64°. 
Both of these fractions consisted of mixtures of palmitic and stearic acids. 

The liquid portion of the mixed fatty acids was highly unsaturated, 
and, like the corresponding product from the expressed oil of the seed, 
evidently consisted of a mixture of oleic and linoleic acids. 

Portion of Alcoholic Extract Insoluble in Petroleum ( B ). 

This portion of the original extract of the shells formed a black, resin- 
ous mass, amounting to 150 grams. It was mixed with water and dis- 
tilled with steam, but the distillate contained only traces of volatile 
acid. The contents of the distillation flask then consisted of a light 
yellow, aqueous liquid and a quantity of a black resin. These were separa- 
ted by filtration and the resin well washed with water. 

The Aqueous Liquids. 

The above-mentioned, yellow, aqueous liquid was repeatedly extracted 
with ether, which removed about 1 gram of a brownish yellow oil. On 
digesting this product with water, the resulting liquid gave a greenish 
coloration with ferric chloride. The oily product was practically insolu- 
ble in water and only partially soluble in sodium carbonate, but dis- 
solved completely in a solution of sodium hydroxide, and was therefore 
phenolic in character. It* was distilled under diminished pressure, whereby 
some resinous material was removed, and then benzoylated. A crystal- 
line solid melting at 205-2 io° was thus obtained, but the amount was 
much too small for further examination. 

The aqueous liquid was subsequently treated with a slight excess of 
basic lead acetate, which yielded a relatively small amount of a yellow- 
ish precipitate. This was collected, washed, suspended in water, and 
decomposed by hydrogen sulphide. On filtering the mixture a liquid 
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was obtained which gave a bluish black coloration with ferric chloride, 
indicating the presence of tannin, but no definite compound could be 
isolated from it. 

The filtrate from the basic lead acetate precipitate possessed a light 
green color. This was due to the presence of a very small amount of 
copper, which, by a special test, was subsequently found to be contained 
in the original watermelon seed. 1 After treatment with hydrogen sul- 
phide for the removal of the excess of lead, and filtering, the liquid was 
concentrated under diminished pressure. A light yellow sirup was thus 
obtained, which deposited nothing crystalline on standing. It contained 
a quantity of sugar, since it readily reduced Fehling’s solution, and yielded 
d-phenylglucosazone, melting at 212-213 0 . 

The aqueous liquid, when heated with alkalies, developed ammonia, 
which was evidently due to the presence of sojuble protein compounds, 
but it was observed that a peculiar basic odor was also produced. In 
order to ascertain whether by this treatment any volatile base other 
than ammonia was formed, a portion of the liquid was heated with baryta 
in a current of steam, the volatile product being collected in hydrochloric 
acid. The salt thus obtained, which was small in amount, was converted 
into the platinum compound, and the latter, after drying in a vacuum 
over sulphuric acid, was analyzed : 

0.0785 of the salt gave, on ignition, 0.0340 Pt. Pt * 43 3. 

(NH 4 ) a PtCl 0 requires Pt = 43.9 per cent. 

This salt, therefore, was practically pure ammonium chloroplatinate. 

Another portion of the aqueous liquid was heated in a reflux apparatus 
with such an amount of sulphuric acid that the latter represented 5 per 
cent, of the weight of the mixture. On distilling the product with steam, 
only small quantities of formic and acetic g,cid were obtained, and the 
contents of the distillation flask, when subsequently extracted with ether, 
likewise yielded nothing which would indicate the presence of a gluco- 
side in the original aqueous liquid. 

A portion of the aqueous liquid was finally mixed with purified saw- 
dust and the thoroughly dried mixture extracted successively in a Soxhlet 
apparatus with ether, ethyl acetate and alcohol, but no definite substance 
could be isolated by means of these solvents. 

* The Resin, 

The black, resinous material contained in the portion of alcoholic 
extract which was insoluble in petroleum, and which had been separated 
from the aqueous liquid, as above described, amounted to 68 grams. 
The greater part (66 grams) of this material was digested with alcohol, 
then mixed with purified sawdust, and the thoroughly dried mixture 

1 An account of the wide distribution of copper, in both the vegetable and ani- 
mal kingdoms, is recorded in the Am. J . Pharm., 77, 274 (1905). 



37 * 


ORGANIC AND BIOLOGICAL. 


extracted successively in a Soxhlet apparatus with various solvents. 
The results were as follows : 


Petroleum (b. p. 30-45°) extracted 

25.6 grams 

*-38.8 per cent. 

Ether « 

3*2 

u 

- 4*8 “ 

Chloroform u 

9*2 

u 

- * 3-9 “ 

Ethyl acetate u 

3*4 

u 

— 5 • 2 “ 

Alcohol * 

7*4 

ft 

— 11. 2 " 

Total, 

48.8 

u 

- 73*9 * 


Petroleum Extract of the Resin. 

This extract was a dark, viscid liquid. On the addition of ether a 
small quantity of a gelatinous substance separated, which was removed 
by filtration. This substance was very sparingly soluble in alcohol, but 
readily soluble in hot acetic acid, and also in pyridine, from both of which 
solvents it was again deposited in a gelatinous form. 

The portion of the extract which was soluble in ether was heated with 
an alcoholic solution of potassium hydroxide. After removing tfie alco- 
hol, water was added and the alkaline liquid extracted with ether. The 
ethereal liquid, after the removal of the solvent, yielded about 0.5 gram 
of a light yellow solid, which, when crystallized from a mixture of ethyl 
acetate and alcohol, separated in glistening leaflets, melting at 138-140° 
The melting point and color reactions of this substance indicated that 
it was identical with the phytosterol, C 20 H w O (m. p. 141-142°), obtained 
from the fatty oil of the shells of watermelon seeds. 

The alkaline solution of potassium salts, after extraction with ether, 
was acidified with sulphuric acid and again treated with ether, the ethereal 
liquid being washed, dried and the solvent removed. The fatty acids 
thus obtained were distilled under diminished pressure, when the greater 
portion passed over between 235 and 240^20 mm., a small fraction 
having also been collected at 240-260° / 20 min. The fraction 235-24O 0 /2O 
mm. became partially solid on cooling. The solid portion was therefore 
removed and crystallized from alcohol, when, after the first crystalliza- 
tion, it melted at 55-58°. 

0.3334 neutralized 12.05 cc. 0.1 N KOH. Neutralization value •» 202.8. 

C 18 H 30 O a requires a neutralization value of 197.5. 

C 1# H m 0 2 requires a neutralization value of 219 . 1. 

It was thus evident that the above portion of solid acid consisted of 
a mixture of palmitic and stearic acids, the former predominating. 

The liquid portion of fatty acids from the fraction 235-240°/20 mm., 
when tested with nitric acid, was found to contain some oleic acid. 

0.2331 absorbed*o.330i iodine. Iodine value -* 141.6. 

These liquid fatty acids, therefore, like those contained in the expressed 
oil of watermelon seeds, evidently consisted of a mixture of oleic and 
linoleic acids. 
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The small fraction of acid collected at 240-260° /20 mm. solidified 
in the receiver. After two crystallizations from alcohol it separated in 
glistening leaflets, melting at 76-77°. This substance was identified 
as arachidic acid. 

Ether Extract 0} the Resin. 

This extract was a dark brown solid and very small in amount (3.2 
grams). It was digested with cold alcohol, which removed the coloring 
matter, leaving a light brown, amorphous powder. On treating the 
latter with pyridine a few' needle-shaped crystals were deposited, to- 
gether *with some amorphous, brown material. The crystalline sub- 
stance, which was mechanically separated, melted and decomposed at 
260°, and yielded an acetyl derivative melting at 150°. It gave the 
characteristic color reaction of cucurbitol , C 24 H 40 O 4 , and was identical 
in every respect with the latter compound, as isolated from the “ press- 
cake*’ of watermelon seeds. 


Chloroform , Ethyl Acetate and Alcohol Extracts of the Resin. 

These were all dark colored, brittle solids, from which no crystalline 
substance could be obtained. 

Summary. 


The results of the present investigation of watermelon seeds may be 
summarized as follows : 

The seeds contain no alkaloid, and no evidence was obtained of the 
presence of a glucoside. 

1 . The Fatty Oil . — The amount of oil obtained from the kernels by ex- 
pression corresponded to 7.4 per cent, of the weight of the entire seed. 
The entire seed, when ground and extracted with light petroleum, yielded 
19.0 per cent, of fatty oil. The amount of the latter is, therefore, very 
much less than was obtained by us from pumpkin seed. 1 The expressed 
oil, which w r as optically inactive, possessed the following constants: 
Specific gravity, 20°/20° = 0.9233; acid value, 3.9; saponification 
value, 191.8; iodine value, 121.1. The composition of the oil was ap- 
proximately as follows: 


Linoleic acid, as glycerides, 45 per cent. 
Oleic acid, as glyceride, 25 * 

Palmitic acid \ . . , a 

Stearic add 1 as g,yCendeS ' 3 ° 


IOO * 

Of the two solid acids, the stearic acid is in predominating amount. 
The oil contains, furthermore, a very small amount of a phytosterol, 
Cj^H^O (m, p. 163-164°). It is thus seen that this oil agrees very closely 
1 This Journal! 3*1 35*« 
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in composition with the expressed oil of pumpkin seed examined by 
us. 1 

It. The “ Press-cake — This material was extracted with hot alco- 
hol, and in the resulting extract the presence of the following constituents 
was determined: (i) A quantity of fatty oil, corresponding to about 
6 per cent, of the weight of the entire seed, and agreeing closely in char- 
acter with that Obtained by expression; (2) soluble protein products; 
(3) a quantity of sugar; (4) resinous material, amounting to about 0.3 
per cent, of the weight of the entire seed. From the resin there were 
isolated a very small amount of a phytosterol (m. p. 1 58-159°), and a 
new* alcohol, designated cucurbitol, C 24 H 40 O 4 (m. p. 260°), which* yields 
an acetyl derivative melting at 150°. Cucurbitol appears to be closely 
related to tw T o other crystalline alcohols recently isolated in these labora- 
tories, namely, grmdelol , C 23 H S8 0 4 (m. p. 256-257°), from Grindelia cam - 
porum , which yields an acetyl derivative melting at 161 0 , and ipurganol, 
C 21 H #i Oj (m. p. 222-225°), from jalap resin, w T hich yields an acetal de- 
rivative melting at 166-167°. These three alcohols are evidently mem- 
bers of a homologous series, which is represented by the general formula 

c„JV 8 o 4 - . • . 

111 . The Shells. — These amounted to 48.7 per cent, of the weight of 
the entire seed. They contained a quantity of fatty oil, which was 
similar in character to that obtained from the kernels by expression, 
but, in addition to the fatty acids obtained from the latter, a small amount 
of arachidic acid w r as isolated. The resinous material contained in the 
shells corresponded to about o 3 per cent, of the weight of the entire 
seed, and from it, besides a mixture of fatty acids, very small quantities 
of a phytosterol (m. p. 138-140°) and cucurbitol , C 34 H 40 O 4 , were separated. 
It was observed that these shells, like those of the pumpkin seed, con- 
tain traces of copper. 

In order to ascertain whether the resin obtained from watermelon 
seed possesses any physiological activity, some tests were kindly con- 
ducted for us by Dr. H. H. Dale, Director of the Wellcome Physiological 
Research Laboratories. The resin, both from the kernels and the shells 
of the seed, w'as administered to a dog in amounts of one gram each, but 
no obvious effect was produced, and it may therefore be considered quite 
innocuous. 

THE CONSTITUTION OF RETENE AND ITS DERIVATIVES. 

By John E. Buchbr, 

Received January 13, 1910. 

In the early part of the work in this laboratory on the condensation 
of aromatic propiolic acids to derivatives of 1 -phenyl- 2, 3-naphthalene- 
1 This Journal, 32, 358. 
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dicarboxylic acid, 1 much difficulty was experienced in determining the 
structure of the latter compounds. They could be transformed into 
carboxylic acids of diphenyl, diphenyleneketone and fluorene. A com- 
paratively small number of such acids are described in the literature and 
in some cases the structure given is evidently uncertain or else incorrect. 
They did not aid materially in determining the structure of the naph- 
thalene products. Later in the work, very efficient methods for determin- 
ing the nature of the products under investigation were found. These 
methods were found equally applicable for determining the constitution 
of the derivatives of diphenyl, diphenyleneketone and fluorene, as well as 
the substances of which these are oxidation products. 

It was found, for instance, that the constitution of retene could be 
shown very easily by applying three of these methods. 2 The first method 
used was that of oxidizing substances in pyridine solution with potassium 
permanganate. The second depends on the fact that diphenyleneketone- 
carboxylie acids are very easily oxidized to benzene polycarboxylic 
acids by alkaline potassium permanganate, if the oxidation is finished by 
means of fuming nitric acid, aided by the catalytic action of manganese 
nitrate. The third depends on the fact that when diphenyleneketone- 
carboxylic acids are heated with potassium hydroxide, the ring breaks 
in such a way as to have the carboxyl groups as far apart as possible. 

Retene, 0 1h H ir , was examined early in the work, hoping that it would 
be of service in connection with the above investigation. It is designated 
as 8-methyl 5-isopropylphenauthrene (I) in such standard works as 
those of Beilstein and V. von Richter. The numerous derivatives are 
also assigned corresponding structural formulas, in nearly all cases, 
without even a question mark, as is shown in the example of reteneketone 
in Richter’s “Lexikon der Kohlensloffverhiudungen.’’ 

On looking up the original work of Bamberger and Hooker, 3 it was seen 
that there was no justification for this distribution of the two substituting 
groups. They showed, in their very careful research, that retene is a 
methylisopropylphenanthrene but they were not able to determine the 
positioii of the two groups. They state positively that they did not 
prove that the groups are in the para (5,8-) position or even that they 
are both united to the same benzene nucleus. They thought one group 
to be in the ortho (8-) position, however. The diphenyleneketone- 
dicarboxylic acid (V) obtained from retene does not yield an anhydride 
easily. When this acid is heated with potassium hydroxide it yields a 
diphenyl tricarboxylic acid. On page 114, they state that this acid yields 
a fluorescein, thus showing that the groups are in the ortho position. On 

1 This Journal,, 30, 1244 (1908). 

3 Ibid., 32,219 (1910). 

1 Ann., 229, 114 (1885). 



376 


ORGANIC AND BlODOGICAt. 


page 161, they describe the same acid as not changing in any way erven at 
2 70°. They, as well as nearly all of those who used this argument, evi- 
dently overlooked this contradiction. Even if an acid (VI) not split- 
ting out water were formed quantitatively, it would still be possible 
that the groups were in the ortho position originally. Failure to con- 
sider the possibility of isomeric acids has led to uncertainty in other cases 
in assigning structural formulas to derivatives of diphenyl, diphenylene- 
ketone and other substances of this kind. Since there are twenty-eight 
isomers possible, considering only two rings, in the case of retene, it is 
evident that the formula given in the literature has no value. The idea 
of getting substances of known structure from this hydrocarbon was there- 
fore abandoned for a time. 

A little later it was pointed out by Fortner 1 that the formula of retene 
must be incorrect. He synthesized a 2-diphenyleneketonecarboxylic 
acid which was found to be identical with one obtained from retene by 
Bamberger and Hooker. This showed that one of the groups in* retene 
must be in position 2- but he was not able to determine which one. 

Schultze 2 in working on resin-oils, showed that they contain hydro- 
genated retenes. He showed that these could be transformed inter retene 
and also that they could be oxidized to i ,2,4-benzenetricarboxylic acid . 
This observation proves that the two groups cannot be on the same 
benzene ring. The same observation had also been made by earlier 
observers, only one might question whether their compounds were pure 
enough to be used for work on the constitution of retene. 

Lux 8 also investigated the constitution of retene. By fusion of retene- 
ketone with potassium hydroxide, he obtained two methylisopropyl- 
diphenylcarboxylic acids. One of these acids did not esterify easily 
and he concluded that it must contain two substituting groups in the 
ortho positions to the carboxyl group. This was used to show that in 
retene one group must be in the meta position (8-) compared with the 
diphenyl. He was not able to determine whether this group was methyl 
or isopropyl. As a result of the work of Fortner, Schultze, Lux and 
others, it follows that the formula (I) of Bamberger and Hooker cannot 
be correct but that retene probably has a structure represented either 
by formula II or III. 

In addition to these, Easterfield and Bagley have advocated the formula 
with the methyl group in position 8- and the isopropyl group in position 
6-. It will be shown in the latter part of this paper in discussing the 
structure of abietic acid (VII), that some of the evidence upon which 
they base this formula is really the strongest evidence which can be cited 
against it. 

1 Monatsh . Chem. t 2$, 763 (1904). 

\^Ann. f 359, 132 (1908). 

r Monatsh. Chem 35, 452 (1908). 



THS CONSTITUTION OF RETENE AND ITS DERIVATIVES. 


377 



In our study of the oxidation of organic substances in pyridine solution 
in this laboratory, we obtained compounds which give a perfectly satis- 
factory solution of this problem— the properties of the oxyisopropyl- 
d ip hen yl t r icarboxy lie acid obtained in the following manner showing 
the position of the methyl group in retene. 

Ten grams of rctt nequinone are dissolved in 50 cc. of pyridine and 
25 cc. of water in a three liter flask, provided with a reflux condenser. 
The flask is heated on the water bath and iii the course of half an hour 
60 grams of finely powdered potassium permanganate are added in about 
six portions. The flask is shaken vigorously during the process and 
more water is added, as needed, to keep the contents in a pasty condition. 
The total quantity of water present at the end of the experiment should 
be about 100 cc. The heating and shaking were continued until the 
permanganate was all reduced. The whole operation required about 
one hour. The pyridine was then recovered by distilling it with a current 
of steam until the odor had disappeared. The oxides of manganese were 
then removed by filtration and 1.1 grams of unchanged retenequinone 
recovered from them. The warm filtrate was then oxidized with 10 
grams of potassium permanganate to complete the process. When the 
color had disappeared, the solution was filtered, made nearly neutral 
with sulphuric acid and concentrated to a small bulk to remove the 
potassium sulphate. It was then acidified and extracted with ether. 
On distilling off the ether, a mixture of acids was left in the form of a 
sirup. After the addition of a small quantity of water, the solution 
was boiled in vacuo until the odor of ether disappeared. It was then 
allowed to evaporate spontaneously nearly to dryness. On taking up the 
adds with a little warm water, one sparingly soluble acid could be sepa- 
rated from the other very soluble acids. After crystallizing from water, 
2.2 grams were obtained. 
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The acid titrated for a tribasic acid with a molecular weight of 345. 
The theory for an hydroxyisopropyldiphenyltricarboxylic acid (IV) is 


344 - 


COH(CHJj 

/\ 



IV. 


The acid loses water easily upon heating, leaving a residue which is 
still soluble in sodium carbonate. This shows the acid to be tribasic. 
The formation from retenequinone shows the position of groups x- and 1'-. 
The formation of water on heating shows another carboxyl group in an ad- 
jacent ortho position (2'-). As the isopropyl residue remains in the 
compound, it is certain that group 2'- must have come from the methyl 
group. It follows from this that the methyl group must be in position 
8- in retene. This excludes formula II and shows that formula III for 
an 8-methyl-2-isopropylphenanthrene must represent the structure of 
retene. 

This experiment also yields other important evidence. On further 
oxidation the oxyisopropyl acid (IV) yields the corresponding tetrabasic 
acid which is easily soluble in water and gives diphenyl for the hydro- 
carbon. This tetrabasic acid, on heating, gave off water but the residue 
dissolved in sodium carbonate with effervescence. The acid, therefore, 
does not contain a carboxyl group in position 2 (formula IV). Also, 
a small quantity of 1,2,3-benzmetricarboxylic acid was obtained — proving 
that in retene the groups must be united to different r ing s These prod- 
ucts alone are sufficient to determine the general structure of retene — 
the only point left open in formula III being whether the isopropyl group 
is in position 2, 3 or 4. There can be no doubt that the other acids which 
are formed in this on? oxidation experiment will enable us to tell which 
of these three possibilities is the true one. 

However, it was thought easier to oxidize the diphenyleneketone di- 
carboxylic add (V) which Bamberger and Hooker obtained from re tene 
by oxidation. 
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Bamberger and Hooker state that this acid is oxidized to oxalic acid 
by potassium permanganate. This view is misleading, however, as 
comparatively small quantities of oxalic acid are formed. It has been 
shown that acids of this type are oxidized very readily to the correspond- 
ing benzenepolycarboxylic acids. 1 One would expect this particular 
acid to break up at a and b , thus yielding two isomeric benzenetricar- 
boxylic acids. 

Accordingly, one gram of this yellow ketonic acid was oxidized with 
potassium permanganate in the usual way. After filtering off the oxides 
of manganese, the solution was concentrated, acidified and extracted 
with ether. The sirupv solution of acids was heated in an evaporating 
dish over the water bath to expel the last traces of ether. Fuming 
nitric acid and a crystal of manganese nitrate were then added. Brisk 
effervescence, due to the oxidation of oxalic acid and probably some 
— C0.C0 2 H groups, took place at once and a white solid acid separated. 
The solution was evaporated to dryness and the acid washed with fuming 
nitric acid and then recrystallized from water. The acid separated in 
clear massive crystals, which are characteristic of 1,2, 3-benzene tricar- 
boxylic acid. It titrated /or a molecular weight of *246 and lost 14.45 per 
cent, ot water at ioo°. Theory for i,2,3-C 8 H 8 (C0 2 H) 8 .2H 2 0; M = 246, 
H 2 0 = 14.63 per cent. The water of crystallization serves to distinguish 
it from the isomeric 1,2, 4-benzene tricarboxylic acid which occurs in the 
filtrate and separates at ordinary temperatures without water of crystal- 
lization. The crystals of the latter acid are also quite different so there 
was no trouble in recognizing it. Both gave excellent yields of benzene 
for the hydrocarbon. 

The isolation of both these acids limits the structure of retene, at once, 
to one group in position 8- and the other group in either position 2- or 
1 This Journal, 3*> 220 (1910). 
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3-. It also excludes Bamberger and Hooker's formula, which would 
necessitate the formation of 1,2,3,4-benzenetetracarboxylic acid and 
phthalic acid. Taken in connection with the above oxidation in pyridine 
solution the only question left open is whether the isopropyl group in 
formula III is in position 2 - or 3-. 

The oxidation of the diphenyleneketonedicarboxylic acid (V) was 
also effected in the following way. Heating this acid with potassium 
hydroxide should lead to the formation of the acid represented by for- 
mula VI, the ring breaking at b. The acid obtained in this way did not 
split out water upon heating, confirming the view that the statement 
made by Bamberger and Hooker on page 16 1 in their article is correct and 
that the structure they suggest on page 114 is incorrect. This i,3,2'-di- 
phenyl tricarboxylic acid was then dissolved in 5 parts of fuming nitric 
acid, the solution being boiled ten minutes in the water bath. It was then 
evaporated to dryness in a casserole, taken up in hot water and peduced 
with sodium amalgam. The oxidation was then carried on exactly as 
in the preceding experiment, except that concentrated nitric acid was 
used instead of fuming acid in the final treatment with nitric acid and 
manganese nitrate. This avoids the danger of getting nitro acids. As 
expected, this experiment gave a small quantity of meta phthalic acid 
and a large quantity of 1,2, 4-benzene tricarboxylic acid. The latter acid 
contained no water of crystallization, titrated for a molecular weight 
of 212 and gave a good yield of benzene for the hydrocarbon. These 
results are in thorough accord with those obtained by the direct oxidation 
of the yellow ke tonic acid (V). 

On oxidizing reteneketone, Bamberger and Hooker obtained a mixture 
of the diphenyleneketonedicarboxylic acid (V) and the corresponding 
hydroxyisopropyldiphenyleneketonemonocarboxylic acid. We have 
shown that this mixture can be used in the above experiments instead 
of the pure dibasic acid — thus avoiding a very tedious process of purifica- 
tion. As there is no danger of ambiguous results, this mixture was also 
used in the following experiment: It was heated with potassium hy- 
droxide at 218° to break up the ketone ring and form the corresponding 
acid derivatives of diphenyl. The resulting acids were reduced with 
hydriodic acid at 200 0 in the hope of reducing the hydroxyisopropyl 
group to the isopropyl group. The hydrocarbon was then prepared in 
the usual way. One would expect the oil thus obtained to be a mixture 
of diphenyl (from acid V), and of isopropyldiphenyl. This mixture was 
oxidized in pyridine solution with potassium permanganate exactly in the 
way described above for retenequinone. After the oxides of manganese 
and neutral matter had been removed, the alkaline solution was acidified 
and extracted with ether. The acid thus obtained was 3-diphenyl- 
carboxylic acid. This completes the evidence for the constitution of 
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retene by showing that the isopropyl group is in position 2- as represented 
in formula III. As this evidence, based especially on the formation of 
the two isomeric benzene tricarboxylic acids, 3-hydroxyisopropyl-i,i',2'- 
diphenyltricarboxylic acid and 3-diphenvlcarboxylic acid directly jrom 
retene ) is independent of all previous work we now have very strong 
evidence that the above structure must be correct. 

The constitution of retene having been established, it is now an easy 
matter to correct the various structural formulas of the retene deriva- 
tives which appear in the literature. This includes compounds of di- 
phenyl, diphenyleneketone, fluorene, reteneketone, retenequinone, etc. 

Many important natural products are hydrogenated derivatives of 
retene. This is true especially of resin and resin oil derived from the 
Coniferae as is shown by many investigations, among which may be 
mentioned that of Schultze. 1 The mineral resin fichtelite, C 1 h H S 2 , is 
a completely reduced retene. It is therefore tetradecahydro-8-methyl- 
2-isopropylphenanthrene. The resin left from the distillation of tur- 
pentine is said to consist very largely of abietic acid. This acid is claimed 
to be a decahydroretenecarboxvlic acid CjJI^.CCXjH and it is therefore 
not surprising that its hydrocarbon, C 18 H 2h should occur in resin oil. 

That abietic acid has the above constitution was apparently shown by 
Eastei field and Bagley- who succeeded in converting it into retene and 
also into dehydrofichtelite C lv tI 8 o- As the acid has a low esterification 
velocity, they conclude that it is a diortho-substitution product. The 
formula of Bamberger and Hooker (I) for retene does not allow such a 
structure and they consider it incorrect in consequence. They then 
change the isopropyl group to position 6- and write the formula as follows 
(VII). 

M, 


H,C,- 


VII. 

1 Ann., 359, 129 (1908). 

* /. Chew.. Soc., 85, 1238 (1904). 
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Their formula would make retene an 8-methyl-6-isopropylphenan- 
threne. They offer no better evidence for their formula than Bamberger 
and Hooker did for formula I. They state that the formula is in accord- 
ance with the oxidation products, 1,2, 4-benzene tricarboxylic- and meta- 
phthalic acids! The very formation of these acids, however, is conclusive 
evidence against the formula, for such a compound would not yield the 
above acids. Their assumption is also shown to be untenable by the 
work described in this paper. It does explain the low esterification 
velocity of the acid, but many other arrangements would do just as well. 

It may be pointed out that the formula (III), which has now been 
proved for retene, has one position (1-) diortho-substituted and if abietic 
acid is really a carboxyl derivative, the acid group might be in this posi- 
tion. The very extensive literature is so contradictory that one can not 
rely on it to decide this point. Some consider the abietic acid to be a 
dihydroxy derivative and others even question the composition, C 10 H 28 O 2 , 
of the acid. 

The wide bearing of the work, on retene, on natural products is still 
further shown by the suggestion of Neuberg and Rauchwerger that cho- 
lesterol is related to abietic acid and may therefore contain a reduced 
retene nucleus. 

% Brown University, Providence. R. I. 


THE COLORED SALTS OF SCHIFF’S BASES. 

in. THE SALTS OF BASES FORMED BY CONDENSING m-AMINODIMETHYL- 
ANILINE AND w-AMINODIETHYLANILINE WITH AROMATIC ALDEHYDES. 

By F. J. Moore. 

Received January 19, 1910. 

It has already been shown in previous papers 1 that benzylidene com- 
pounds of the general type, 



when treated with acids in non-aqueous solvents, add successively two 
molecules of the latter, and that the salts containing one molecule of acid 
differ markedly in color from those containing two molecules. The 
former are, for the most part, "dark red, while the latter are light yellow, 
the free bases themselves varying from a light cream color to orange. 
For this behavior three possible explanations have been suggested. For a 
detailed discussion' of these, the reader must be referred to the papers 
mentioned. Here it will be sufficient to sum them up briefly as follows: 

The first ascribes the difference in the color of the salts to the position 
of that nitrogen atom selected by the first molecule of acid. The second 
1 This Journal, 30, 394 and 1001. 
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assigns to the dark-colored salts a quinoid constitution, regarding the 
compounds of lighter color as bcnzoid. The third assumes the potential 
existence of stereoisomeric red and yellow bases and salts, whose re- 
lationship to each other is akin, perhaps, to that of the isomeric un- 
symmetrical oximes. 

The work described in the present paper was undertaken with the in- 
tention of testing the second of these explanations, which regards the 
dark-colored substances as quinoid. In accordance with this hypothesis, 
the addition of hydrochloric acid to benzylidene-/>-aminodimethylaniline, 
for example, would cause transformations such as are illustrated by the 
following series of formulae : 
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A convenient method of testing this hypothesis would consist in pre- 
paring analogous compounds which, from their structure, could not 
readily assume a quinoid constitution, and testing the results of salt forma- 
tion in these cases. Now it is well-known that p - quinones form with 
considerable readiness, whereas 0-quinones are more difficult to prepare, 
and m-quinoid substances are not known with certainty . 1 Applying 
this reasoning to the case in hand, it might be argued that the bases 
previously used in the course of this investigation might w r ell form quinoid 
salts, since they all had their two nitrogen atoms in p - position to each 
other. It might, however, be confidently expected that the analogous 
w-compounds could not do this. Should these bases, when prepared, 
show a behavior with acids which was different from that of the ^ com- 
pounds, then it might well be concluded that the dark-colored salts of 
the latter were quinoid. Should the w-compounds, on the other hand, 
show the same behavior as the ^-compounds, then one of two possible 
conclusions might be drawn: either that the dark-colored salts of the 
^-compounds were not quinoid, or else that w-quinones may be formed 
more readily than any other evidence has thus far led us to believe. 

1 Compare R. Meyer, Ber. t 41, 2437; Zincke and Schwabe, Ber. t 4a, 797; R, Meyer 
and Desamari, Ber., 43, 2809. 
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The compounds first selected for the experimental investigation were 
the products formed by condensing w-aminodimethylaniline with aromatic 
aldehydes. The reaction takes place readily and smoothly. When 
the products were treated with hydrochloric acid in ethereal or benzene 
solution, all the salts formed proved to be light in color, the shade not 
being markedly different, whether base or acid was in excess. The 
greatest difference of this kind was shown by the condensation product 
with cinnamic aldehyde, which gave a decidedly redder precipitate when 
acid was in excess, than under the reverse conditions. It will be noticed 
that this behavior was entirely different from that of the corresponding 
^-compounds. On its face, this would seem to indicate that the dark- 
colored salts of the latter were qtiinoid. Unfortunately this argument 
is a good deal weakened by the curious physical properties of the bases 
themselves. 

While the /^-compounds crystallize beautifully from alcohol ajjd other 
organic solvents, and have sharp melting points which make them* use- 
ful for the identification of aldehydes, the condensation products of 
m-aminodimethylaniline with aldehydes have properties, which^ are the 
reverse of all this. They are typically amorphous, they crystallize from 
no solvent yet tried, and they have no melting point, but soften gradually 
on heating. They are, for the most part, very soluble in benzene, and 
on evaporation of this solvent, they are left as transparent resins which 
show no signs of crystallization even after months of standing. The 
products form readily when aldehyde and amine are mixed, and the 
yield is good. Side-reactions do not seem to take place, and when pains 
are taken to purify the products as far as possible, the analytical results 
agree well with the formulae derived from the method of preparation. 
Apparently then, the properties just described must belong to the com- 
pounds as such, although, of course, the usual criteria of purity are lack- 
ing. These properties would seem to indicate that the substances con- 
cerned were polymers, and if this were the case, the possibilities of con- 
stitution which have been thus far discussed might have little bearing. 
It seemed desirable to test this point by means of molecular weight deter- 
minations. Freezing-point measurements were therefore attempted in 
both benzene and diphenylamine. The substance chiefly studied was 
benzylidene-fft-aminodimethylaniline, because it was believed that the 
sample used was purer, perhaps, than any of the other bases. A series 
of tests was, however, made with each of the other compounds. The 
results were discordant and unsatisfactory, the numbers obtained some- 
times differing among themselves by a figure corresponding to a whole 
unit formula. Nevertheless the sum total of the results would seem 
to show that the bases were not high polymers. Speaking ge^ierally they 
indicate that in 0.5 per cent, solution, the bases were bimolecular. The 
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association seemed to increase with increasing concentration, and in a 
2 per cent, solution, the compounds appeared to have a molecular weight 
three or four times that represented by the simple formula. These 
results cannot be called satisfactory or conclusive, but are, perhaps, as 
much as can be expected from materials whose purity and homogeneity 
is open to so much question. 

Since in any case the results above described gave no satisfactory 
solution to the original problem, ro-amiuodiethylaniline was prepared 
and condensed with five of the more common aldehydes. These com- 
pounds, in their turn, showed the same properties which have been al- 
ready described as characteristic of the methyl compounds. They, too, 
are amorphous waxes or gums, and their salts are, for the most part, of 
light color, whether one or more molecules of acid are added. 

Although both these bases have proved a disappointment so far as that 
problem is concerned for the solution of which they were originally pre- 
pared, yet their uniformly amorphous character when compared with 
the crystalline nature of the isomeric /^-compounds suggests that their 
study might throw some light upon the fundamental differences which 
exist between the m - and p- relationships in di-substituted benzene 
derivatives. It is hoped to extend this study further in the future. 

Experimental Part. 

The w-aminodimethylaniline used in this investigation was prepared 
by the method of Groll 1 from dimethylaniline. The directions are easy to 
follow, and the product obtained is of satisfactory purity. When dis- 
tilled in hydrogen, it boils with perfect constancy at 267° to almost the 
last drop. 

From the literature, it is easy to get the impression that the amino- 
dimethvlanilines are unstable compounds. This is not the case, but they 
are extremely sensitive to the oxygen of the air. Indeed they turn black 
and grow tarry even on standing a few days in a well-stoppered bottle. 
If, however, they are distilled in hydrogen, and then the connections are 
hermetically sealed without allowing any access of air, no deterioration 
takes place. Samples which were treated in this way have been preserved 
in this laboratory for more than two years, and show no signs of change. 

Benzylidene - m - aminodimethylaniline. — Molecular quantities of 
m-aminodimethylaniline and benzaldehyde were mixed. Condensation 
took place with a slight evolution of heat in the course of a few minutes, 
the mass becoming thick and pasty. To free the product from any 
possible excess of the amine or aldehyde, it was warmed several times 
with small portions of dilute alcohol (in which it is not very soluble), the 
pasty mass being constantly stirred to bring all parts of it into contact 

with the solvent. During this treatment, the substance assumes the 

« ** 

1 Ber>, xq , 200 (1886), 
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consistency of a thick paste which can be drawn out like molasses candy 
into long golden-yellow strings. After several treatments of this kind, 
the substance grows hard and brittle on cooling. When this point had 
been reached, it was pulverized and washed with cold dilute alcohol. 
Finally, enough cold 95 per cent, alcohol was employed to bring the 
residue into .solution, and this solution was poured into a large quantity 
of cold water. This causes a milky turbidity, but if a little sodium 
chloride solution is added, the substance is precipitated in flocks, which 
may then be rapidly filtered by suction and washed repeatedly with cold 
water. This latter method of purification was twice repeated, and the 
product finally dried in vacuum. It was now a light yellow mass which 
retained hardly any odor of benzaldehyde, and when pulverized was ex- 
tremely electric. No crystalline form could be observed in this product, 
and all attempts to find a solvent from which it would crystallize have 
proved fruitless. Nevertheless the following results of analysis seem 
to show that the substance was essentially pure benzylidene-w-arnino- 
dimethylaniline. 

Calculated for C, 5 H lfl N 2 : C, 80.30; H, 7.19; N, 12.5.1. * 

Found: 79-97; 7 .20; 12.69. 

Condensation Products with Other Aldehydes . — m - Aminodimethylaniline 
was also condensed with anisaldehyde, cinnamic aldehyde, and piperonal. 
All the products had essentially the same properties as that just described. 
For this reason, the details need not be repeated. Purification was also 
carried out in the same manner where this was possible, but the method 
of dissolving in alcohol and precipitating bv water did not work well in 
the cases of the cinnamic aldehyde and piperonal compounds. It is 
therefore probable that these compounds were not as pure as the others. 
This is also borne out by the results of analysis. Only nitrogen deter- 
minations were made in these cases. 

A nisylidene-m-aminodim ethylaniline : Calculated for C w H u ON 2 , N 
11.05; found, 10.91. 

Cinnamidene-m-aminodimethylaniline: Calculated for C 17 H lg N 2 , N 
11.23; found, 9.96. 

Piper onylidene-m-aminodirmthylaniline : Calculated for C, 6 H 16 0 2 N 3> 
N 10.45 ; found, 9.04. 

Derivatives of m-AminodietUylaniline. — The ra-aminodiethylaniline re- 
quired was prepared essentially according to the suggestions of Groll 1 
by nitrating diethylaniline and reducing the ra-nitro compound. 
Groll’s directions for the nitration and separation of the w- and p- 
products car hardly be improved. From reading his article, however, 
one gets the idea that the w-nitro compound can be distilled at ordi- 
nary pressure. Attempts made to do so in this laboratory yielded a 
1 ciu 
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product much contaminated by water and some ill-smelling substance 
whose odor resembled that of pyridine. This nitro compound can how- 
ever be obtained in a high state of purity by distilling with steam. At 
ioo° this process is very slow and tedious, and the quantities of water 
required are so large as to render the subsequent ethering-out very labo- 
rious. Much better results are obtained when the flask containing the 
nitro compound is placed in an oil bath heated to 160° (thermometer 
in the bath) and superheated steam then blown through. In this way, 
no water condenses in the distilling flask, and a liberal quantity of very 
pure oil distils over rapidly. Small amounts of this nitro compound 
can be conveniently identified by the piecipitate obtained at once when 
it is treated with picric acid in. alcoholic solution. After a single crystal- 
lization from alcohol, this picrate melts at 138° (uncorrected). 

Reduction to the amino compound proceeds very smoothly under the 
influence of tin and hydrochloric acid. The most convenient method of 
isolation is to pour the hot reduction mixture directly into an excess of 
concentrated caustic .soda solution, warm a few minutes, cool with an 
equal quantity of ice, and shake out with ether. A .second treatment 
with ether is superfluous. In this way, 75 grams nitro compound yielded 
50 grams amine which, when distilled in hydrogen, boiled constantly at 
277 °. The freshly distilled base is as nearly colorless as freshly distilled 
^aniline, and consequently somewhat purer than that described by Groll. 
Like other substances of its class it is very sensitive to the air, rapidly 
turning brown. Portions of it which are not intended for immediate 
use should therefore be at once sealed up in an atmosphere of indifferent 
gas. When an alcoholic solution of the base is mixed with picric acid, no 
precipitate forms at once, but after standing for some time, beautiful 
yellow' prisms separate. These can be washed repeatedly with cold 
alcohol, and then recrystallized from the same boiling solvent. They 
then melt sharply at 152 0 . 

Condensation Products with Aldehydes.— These compounds were pre- 
pared in the same manner as the analogous methyl compounds. A 
general account of their physical properties has already been given in the 
earlier portion of this paper. These properties made it so evident that no 
assistance could be obtained from them, in solving the question at issue, 
that no thorough study was made of them, and no analyses carried out. 
A brief account of their appearance and the color of their addition prod- 
ucts with hydrochloric acid follows. 

The condensation products with .benzaldehyde and anisaldehyde are 
stiff, golden yellow gums. When they are dissolved in ether, and an 
ethereal solution of hydrochloric acid is added, the precipitate first thrown 
down is pale yellow. This becomes practically white when an excess of 
the add is added. 
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The compound formed with cinnamic aldehyde is a brick-red pasty 
mass. It also is soluble in ether, and from this solution hydrochloric 
acid precipitates a flocky red salt. 

The condensation product with piperonal is a greenish yellow slime. 
When hydrochloric acid is added to its solution in dry ether, the pre- 
cipitate first formed is pale yellow. A little more acid changes this 
color to a light red, and an excess to a bright lemon-yellow. 

The compound formed with vanillin is a dark, blood-red, transparent 
jelly. Hydrochloric acid precipitates yellow salts. 

Summary. 

The salts of bases formed by condensing ra-aminodimethylaniline and 
w-aminodiethylaniline with aldehydes do not show the same peculiarities 
of color as the corresponding salts of the ^-compounds. 

From this the conclusion might be drawn that the dark-colored salts 
of the latter werequinoid, but the force of this argument is a good deal 
weakened by the probability that these w-bases are polymers. 

The amorphous character of these compounds (perhaps due to poly- 
merization) in contrast to the crystalline nature of the />-cqmpounds 
suggests applications to the benzene problem which are worthy of future 
study. 

The thanks of the writer are due to Mr. E. G. Genoud for much 
valuable assistance during the earlier portions of this work. 

Mass. Inst. Technology, Boston, Mass. 

THE ACTION OF MAGNESIUM UPON THE VAPORS OF ORGANIC 

COMPOUNDS. 

By Edward H. Keiser and LkRoy McMaster. 

Received January 18, 1910. 

In 1894 Edward H. Keiser and M. 13 . Breed 1 studied the action of 
metallic magnesium upon the vapors of some of the aliphatic alcohols 
and found that when the metal is heated in a tube through which the 
vapor of the alcohol is passing it soon begins to' glow and after the action 
has ceased and the tube allowed to cool, a black residue is left. This 
residue when put into water evolves a gas slowly and on the addition 
of a few drops of ammonium chloride a more rapid evolution of gas is 
obtained. It w'as shown that the gas thus given off consisted of hydro- 
gen mixed with small quantities of allylene. 

In a subsequent paper by Edward H. Keiser 2 the work was continued, 
other alcohols and acetone were subjected to the action of magnesium, 
and it was shown that in every case the black reside gave off allylene 
jfwhen treated with water. The best yield of allylene was obtained from 
1 J. Franklin Inst., Dec., 1894. 

1 Am. Chm > . 18, 328. 
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the black mass formed by the action of magnesium upon acetone. It 
was also shown that when magnesium is heated in an atmosphere free 
from hydrogen, as for instance, in carbon monoxide and carbon dioxide, 
a very hard compact black mass is obtained which gives only small quan- 
tities of allylene on treatment with water. The conclusion was, there- 
fore, drawn that a magnesium compound of allylene was probably present 
in the black residue. 

We have now endeavored to determine whether a magnesium com- 
pound of allylene or simply a carbide of magnesium is present in the 
black residue. In the earlier experiments several of the aliphatic alco- 
hols, allyl alcohol and acetone had been acted upon by the magnesium; 
we now extended the work so as to include other classes of compounds 
such as paraffin and aromatic hydrocarbons, aliphatic acids and esters, 
aromatic alcohols, halogen derivatives, acetylene, cyanogen, etc. 

The method of operating was the same as before, the metal in an iron 
boat was placed in a combustion tube of glass, the tube was heated in a 
small furnace and the organic compound was passed through the tube 
in the form of vapor. After the action was over the black magnesium 
residue was allowed to cool off in the vapor. The black residue was then 
put into a dry evolution flask provided with a separatory funnel and 
water containing a few drops of ammonium chloride was allowed to drop 
upon it. The gases evolved were passed into an ammoniacal solution 
of silver nitrate. The silver precipitates thus obtained were analyzed. 
The following table (see p. 390) contains the results of these analyses. 

These results show that in every case w>hen magnesium is heated in the 
vapor of a compound containing hydrogen the unsaturated hydrocarbon 
evolved from the black residue is chiefly allylene. When hydrogen is 
absent, as in the cases of cyanogen and carbon monoxide a very poor 
yield of unsaturated hydrocarbon is obtained . four to five times as much 
of the black magnesium residue must be used in order to obtain sufficient 
of the silver precipitate for analysis. The analytical results show that 
even in these cases the gas evolved is not pure acetylene but contains 
some allylene. Thus from cyanogen the silver precipitate was found to 
contain but 82.95 and 82.72 per cent, of metal whereas pure silver acetylide 
contains 89.9 per cent.; and in the case of carbon monoxide the silver 
precipitate gave 78 per cent, of silver. These low results indicate a 
mixture of allylene and acetylene and at first thought it would appear 
that a carbide of magnesium is formed in all these experiments and that 
the allylene is formed by the action of water upon this carbide. This 
conclusion would be justified were it not for the fact, noted in the earlier 
paper, that magnesium powder contains hydrogen, either as occluded 
hydrogen, or hydroxide or both. This has been proved by burning 
weighed amounts of magnesium powder and weighing the water formed. 
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The average result of two combustions of magnesium powder, previously 
dried for several hours at 120° in an air bath, gave 0.065 per cent, of 
hydrogen. 

Analyses or Silver Precipitates. 


Magnesium allylide 
from 

Weight 

taken. 

Wt. AgCl 
found. 

Per cent. 
Ag. 

w-butyl alcohol (a) 

0.1281 

0.1262 

74.16 

(6) 

O.1422 

0.1388 

73-48 

Benzyl alcohol 

O.2715 

0.2661 

73 - 81 

Ether 

0. 1271 

0.1240 

73*44 

Ethyl bromide 

0.0554 

O.0543 

73-78 

Benzyl chloride 

0.0898 

0.0894 

74.90 

w-butyric acid 

0.0336 

0.0328 

73 48 

Isobutyric acid 

0. 1210 

0. 1190 

74 -30 

Ethyl acetate (a) 

O.IO42 

O . 1038 

7496 

(6) 

O 0815 

0.0812 

74 98 

Isobutyl acetate (a) 

0.1534 

0 . 1496 

73*42 

(«-) 

O.I447 

0. 1419 

73-78 

73 43 . 

Amyl acetate (a) 

0.1423 

0.1388 

(b) 

0.1051 

0. 1027 

73*53 

Hexane 

O 0400 

0.0384 

72.24 

Benzene 

O.IO67 

0 . 106 2 . 

74 * 8 i 

Kerosene (a) 

O.O418 

O 0417 

75.11 

(b) 

0 0599 

0.0595 

74.76 

Illuminating gas (a) 

0.1370 

0.1384 

76.05 

(b) 

0 1504 

0.1522 

76.17 

(*) 

0.1290 

0.1260 

73*51 

(d) 

0. 131 1 

0.1280 

73 50 

w 

0.2340 

0.2285 

73 51 

Cyanogen (a) 

0.1027 

O. JI32 

82.95 

0 b ) 

0.0637 

0.0700 

82.72 

Acetylene (a) 

0.3213 

0.3590 

84. 10 

(b) 

0.1854 

O . 2063 

83.80 

Carbon monoxide 

0.0818 

0.0851 

78.20 

CO and nitrogen 

0 0787 

0.0814 

77.83 

CO + N, + HC 1 

0 0550 

0.0547 

74.80 

Calculated for silver allylide, AgC a H 8 . 
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This fact of the presence of hydrogen in the magnesium and the other 
fact that only a very small amount of the unsaturated hydrocarbons is 
obtained from carbon compounds containing no hydrogen led us to con- 
clude that magnesium allylide is present in the black residue. There is 
undoubtedly a tendency on the part of magnesium, under the conditions 
of our experiments, to combine with carbon and hydrogen to form mag- 
nesium allylide and it is this compound which with water evolves allylene. 
This is shown clearly in the case of the experiments with acetylene. When 
magnesium powder is heated in this gas a black residue is obtained which 
with water gives off both allylene and acetylene. Here the conditions 
were favorable for the formation of only a carbide, as MgC*, yet the gas 
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given off consists of both hydrocarbons. Further, when carbon mon- 
oxide, diluted with nitrogen to make the action less violent, was acted 
upon by magnesium, the black residue gave very little silver precipitate, 
but when hydrochloric acid gas was added to the mixed gases then a good 
yield of unsaturated hydrocarbon was obtained and the analysis of the 
.silver precipitate indicated nearly pure allylene. We conclude, there- 
fore, that it is magnesium allylide that gives the allylene and not a carbide. 

Chemical Laboratory, Washington University, 

St. Louis, Mo 

STUDIES IN THE ACTION OF HEAT ON MILK.' 

By JR R. Ken shaw and F. C Ware. 

Received January II, 1910. 

9 A number of experimenters 2 have noticed that when milk is heated, 
the lactose apparently diminishes in quantity. The subject, however, 
has not been systematically investigated. 

Richmond 3 first called attention to the fact that the specific rotatory 
power of lactose in milk materially diminished on heating, but that the 
reducing power decreased only slightly. Later he and Boseley 1 deter- 
mined lactose in samples heated for i V 2 to 3 hours at ioo° and found 
that there was a decrease of from 8.8 per cent, to 23 per cent, of the sugar 
as measured by the optical method. In another series where sugar was 
determined gravimetrieally, no change was noticed. They offered the 
suggestion that this may be due to the formation of caramel, since the 
rotatory power decreased roughly in proportion to the increase of yellow 
color in the milk. 

It did not seem to the present authors that caramelization could be 
the primary cause of the difference in the optical and gravimetric deter- 
minations, since the rotatory and reducing power should decrease nearly 
proportionally, due to the relatively large molecule of the caramel com- 
pared to that of lactose. It was for the purpose of investigating this 
that the following experiments were undertaken. We were particularly 
interested to find out the character and extent of the change taking 
place at the temperatures which might be used in pasteurization. 

A number of possible causes for the change in rotatory power of the 
milk serum presented themselves among which may be mentioned changes 

1 Submitted by F. C. Ware, in partial fulfilment of the requirement for the degree 
of Master of Arts at Wesleyan University, June, 1908. The experimental work was 
carried on in the Chemical Laboratory, Stamford High School, Stamford, Conn. 

2 Wroblewski, Oest. Chem. Zig n 1, 5 (1898); Leeds and Coon, Pharm. J., 23, 86; 
Cazeneuve and Hadddn, Com pi. rend., iao, t2 72; and others. 

• Analyst , 17, 222. 

* Ibid ., 18, 141 (1893)* 
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producing soluble /-rotatory glycerophosphates, 1 or small amounts of a 
highly /-rotatory amino acid, not precipitated by the clarifying agents 
used. In order to test these, the sugar was determined by both methods, 
as well as total phosphorus and total nitrogen in the protein-free serum, 
on samples of milk heated different lengths of time up as high as 8o°. 
A rapid decrease of sugar was noticed, but strange to say nearly identical 
results were obtained by each method, and in all subsequent work con- 
cordant results were obtained where great care was used in maintaining 
uniform conditions, particularly as to temperature of pipetting samples, 2 
complete washing of the asbestos filter, etc. With such results from the 
preliminary experiments it was thought not necessary to consider phos- 
phorus and nitrogen determinations. 

We next took up a study of the behavior of lactose in a solution which^ 
contained approximately the same active mass of hydroxyl ions that 
occur in milk, in order to see if the alkaline salts were instrumental in 
the decomposition. Owing to the great complexity of milk as a solution, 
with its varying amounts of di- and triatomic acids and bases, each with 
a different temperature coefficient of ionization, and to the incalculable 
chemical changes caused by heat, it is impossible to compute ionic con- 
centrations. Practically, however, an approximation could be obtained 
easily, by making a solution containing equivalent percentages of the 
principal electrolytes found in milk, with the understanding that pre- 
cipitation of solids and evolution of carbon dioxide would occur. For 
this purpose i gram each of hydrochloric and citric acids, 3 2.42 grams phos- 
phoric acid, and calcium carbonate containing 1.9 grams of calcium oxide, 
were mixed with water and the solution neutralized to phenolphthalein 
with 0.1 N sodium hydroxide and 148 cc. (alkalinity X 10) in excess 
added. In this, 4.87 grams of lactose were dissolved and the whole made 
up to a liter, giving a solution containing one-tenth of the percentage 
of sugar that was found in the milk we were working with. No change 
in sugar content was noticed after heating this foi two hours and a half 
at 85°. This solution, containing approximately the same amounts 
and similar kinds of positive and negative elements or radicles as occur 
in milk, except, of course, that all were in inorganic combination, should 
afford as high, if not a higher, hydroxyl ion concentration than the milk. 
It seemed then that the salts hadmo effect on the sugar at this temperature. 

Series of tests were next run on milk heated to 60, 70, 80, and 85°. 
Three sets of samples were made up for each temperature from the same 
specimen. One of .pure milk, the second containing formaldehyde, 

1 : 2500, and the third the same, 1 : 20000. The aldehyde was used 

1 Bordas and Raczkoweki (Ann, chem. anal., 8, 168 (1903)) have shown that 
when milk is heated the lecithins are decomposed, 

2 It was noticed that temperature differences materially affected results. The 
analytical work was done in a room fitted up with a constant temperature regulator* 
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in these two concentrations in the hope of distinguishing between bac- 
terial and enzymatic action. 1 

For sugar, the Wiley and Erwell optical and the Defren gravimetric 
methods were used. The acidity was determined with phenolphthalein 
without the removal of carbon dioxide and is expressed below in cc. 
of o.i N sodium hydroxide per ioo cc. milk. Lacmoid was used for 
alkalinity. It also is expressed in cc. o.i N solution per ioo cc. milk. 

The presence of a sediment containing calcium phosphate was confirmed 
in the pasteurized milk. 

The sugar, acidity and alkalinity were determined immediately after 
cooling the sample. The milk used in the 70 and 8o° tests was of the 
same lot, from a mixed herd, and was about five hours old at the beginning 
♦ of the 70 0 test. That for the 80 0 test stood about four hours longer in 
a good refrigerator. The tests at 60 and 85° were run about a month 
later on milk from the same dairy and at about the same length of time 
after milking. 

The results for 60 and 80 0 are given below in detail: 


Results on Milk Heated at 60 °.~ -Lactose. 


Time heated. 

0 hr. 

V. hr • 

X hr. 

hr. 

1 hr. 

I Vi hr» 

2 hrs. 2^ hrs. Diff. 

Milk alone, opt 

4 - 4 * 

4 34 

4 3 

4 27 

4.24 

4-13 

4.02 3.96 0.46 

Milk alone, grav 


4 32 


4 . 26 


4. II 

2 q 6 0.40 









M and aid. 1 : 2500, opt.. 


4 37 

4-35 

4 35 

4*34 

43 2 

4*33 0.09 

u and aid. 1 : 20000, opt. 


4-39 


4 37 


4 25 


Acidity 

21 4 

22 0 

22 5 

22 8 

23.4 

24 5 

25.6 26.0 4.6 

Aid. 1 : 2500 


21 6 

21.4 

21 6 

21.8 

21.7 

21 .8 22 0 0.6 

Aid. 1 : 20000 


21.8 


22.2 


22 .6 

. . . . 22.7 1.3 

Alkalinity 

31.4 

30.4 

29 9 

29.6 

29.2 

28.6 

28 2 27.6 3.8 

Aid. 1 : 2500 


31.2 

31-24 

31 .0 

31.2 

30.8 

31 .0 30.78 0.62 

Aid. 1 : 20000 


30.9 


30.6 


30.2 

30.0 1.4 

Results on Milk Heated at 

8o°.- 

-Lactose. 

Time heated. 

0 hr 

Khr 


n hr- 

1 hr. 

iX hr 

2 hr. 2% hr. Diff. 

Milk alone, opt 

A 52 

4 37 

4.21 

4.08 

4*05 

4.01 

4.0 4.0 0.52 

Milk alone, grav 

4 48 

4-33 

4-17 

4 07 

3-98 

3 96 

3.97 3.96 0.53 

Aid. 1 : 2500, opt 


4.48 


4 46 


4*47 


Aid. 1 : 20000, opt 


4.46 


4-44 


4.41 

4.41 O.09 

Acidity 

16.8 

18.4 

19-5 

20.3 

20 7 

21.3 

21.8 21.7 4.9 

Aid. 1 : 2500 


16.9 


17 0 


17. 1 

17*2 0.4 

Aid. 1 : 20000 


17. 1 


17.2 


17.6 

17.7 0.9 

Alkalinity 

33-4 

32-* 

3 1 -4 

30-9 

30-5 

301 

29.5 29.2 4.2 

Aid. 1 : 2500 


33*4 


33*2 


33*o 

32.9 o *5 

Aid, 1 : 20000 


33-2 


33*4 


32.7 

32.5 0.9 


1 Brice (Abs. U. S. Hyg. Lab., Bull. 41, 379) has shown that many enzymes can 
withstand formaldehyde 1 : 20000, while the growth of the more common bacteria 
is prevented. A strength of 1 : 2500 stops the action of most enzymes. 

4 This does not include the time of heating necessary to bring the milk up to the 
required temperature in the thermostat but means l / 4 hr. at the designated tempera- 
ture. For the 85 0 test this required 15 minutes and for the lower temperatures a some- 
what shorter time. 



394 


ORGANIC AND BIOLOGICAL. 


In the series at 6o°, a fairly regular ancf continuous decrease was noticed 
up to 2 j / 2 hours in the sugar and alkalinity, while there was a correspond- 
ing increase of acidity. Practically no changes occurred in the sugar 
and acidity when formaldehyde was present in the proportion of i : 2500, 
and only slight changes with a strength of 1 : 20000. At 8o° the changes 
were more rapid at the beginning and had nearly ceased by the end of 
the first hour. Figures obtained at 70 0 showed that the changes here 
stood intermediate between the two given. At 85° the changes went 
more rapidly at the beginning and were practically over after the first 
l / 2 hour. There was neither as much decrease in sugar or alkalinity, 
nor as much increase in acidity, however, as in the case of the lower 
temperatures. 

It would seem then that the major cause of the change in the sugar 
was bacterial or enzymatic action, for, although no very strict relationship 
seems to exist between the amount of acid formed and the decrease of 
sugar, as the following table exhibits, still, the results are in accord* with 
Haacke’s 1 observation that the amount of lactic acid found at any one 
time is not strictly proportional to the amount of lactose decomposed, 
because (probably) the lactic acid is transformed into other substances. 
The acid never exceeds one-third of the amount of sugar decomposed. 

6 o° 70° So°. 85 ° 

Per cent, sugar loss after 2 */ 2 hours 10 4 11 94 ji 28 6 33 

Increase of acid calc, as gs. lactic . 00414 00513 o 0441 o 0333 

Loss of lactose in gs 0.46 o 54 0.52 o 28 

It is difficult to interpret in the light of our results, the data found in 
the literature showing the diffeiences in optical and gravimetric deter- 
minations for sugar in heated milk, because the temperatures used were 
higher (xoo°), and neither the history of the milk nor the details of analysis 
were given. We regret that time has not permitted investigating the 
sugar changes at 100 °. It seems certain, however, that the data furnished 
by the difference between the optical and gravimetric methods for sugar 
in pasteurized milk cannot be used as confirmatory evidence of pasteuriza- 
tion, as has been recommended. 

Theoretically, of course, very different results would be obtained from 
different samples of milk, due to varying amounts (as well as kinds) of 
inoculation, for it has been shown that the lactic acid organisms vary 
greatly in the extent, rapidity and persistency of their action. Tissier 
and Gasching 2 state that B. acidi-paralactici has a high order of resistance, 
that it works actively and vigorously, and produces mostly d-lactic acid. 
Heinemann 3 seems to have shown that ordinary B. acidi-lactici gives 

1 Arch . Hyg 42, 16-47 (1902). 

2 Ann . inst . F ^ stcur , 17, 540-563 (1903)* 

* J, Biol , Chop ,, a, 603-612 (1907). 
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chiefly the Z- acid, and this appears to be augmented by higher tempera- 
tures. 1 

Observations by Rullman, 2 that it requires an hour’s heating at 68-69° 
to kill the major portion of the bacteria in milk, and by Mullen, 8 that 
oxidizing ferments increase in activity from o to 6o°, and that they 
are still active at 8o°, are noteworthy. The investigations of many 
others 4 support the statement that the milk ferments are not materially 
injured by heating at 60-65° for some time. They are weakened only 
at 65-70° and are finally destroyed at 70-80°. 

These facts, along with the knowledge recently obtained concerning 
the action of Metchnikoff’s B. bulgancus, largely remove the cause for 
surprise at the large amount of sugar transformed. It has been shown 
that B. bulgaricus is universally found in milk. It works best at tem- 
peratures above 40° and under the anaerobic conditions which would 
prevail, at least in bottle pasteurization, and it propagates prodigiously, 
producing extraordinary amounts of lactic acid. It is hence not neces- 
sary to assume cytolysis, with an accompanying liberation of an intra- 
cellular enzyme having a higher thermal death-point than the organism. 
It is to be regretted that so little work has been done in determining the 
important relation between the thermal death-points of the organisms 
and their characteristic enzymes. 

From the small differences between the results obtained by using the 
two strengths of formaldehyde, it would appear that one was dealing 
with bacterial rather than enzymatic action. This is further substantiated 
by the fact that it is an exceedingly difficult matter to procure lactic acid 
enzymes from lactic acid organisms. 5 Such small differences as are ob- 
served might be due to only partial killing of the bacteria at the lower 
concentration, or to a slight secretion of an extracellular enzyme. 0 The 
very rapid transformation of sugar into lactic acid (in one case 0.24 

1 These facts indicate that for very close work certainty of complete precipitation 
of the lactic acid by the clarifying agents is necessary if the fermentation lias occurred 
at higher temperatures, for under these conditions equivalent amounts of d- and /-acid 
may not be formed. 

2 Z . Nahr.-Gem:ssm., 7, 81-89 ( I 9°4)- 

* Arch . Hyg., 44, 132-3 (1902). 

4 For a comprehensive review of this subject and for some original contributions, 
see article by Kastle and Roberts, U. S. Hyg. Lab., Bull. 41, 309-408 (1908). 

5 The senior author has attempted, so far unsuccessfully, to get a lactic acid enzyme 
from B. acidi-lactici in sufficient quantity to experiment with. It is hoped that this 
may yet be done. Herzog (Z. physiol. Chcm., 381 (1903)) got a very slightly active 
solution from this organism which would transform lactose into lactic acid in the 
absence of organisms. 

• Dox, in a paper on '‘The Development of Catalase in bower Fungi,” read at 
the Boston meeting of the American Chemical Society, Dec., 1909, stated that he found 
a rise of temperature favored the formation of extracellular enzymes. * ' 
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gram giving 0.0252 gram acid in l / 2 hr.) seemed extraordinary to the 
authors. It has been abundantly proven, however, that there are opti- 
mum temperatures for catalyzers in general, that is, temperatures allow- 
ing a maximum in the reaction along with a minimum of destruction 
to the catalyzer itself. 

Many instances could be cited of the extraordinary influence of rise 
of temperature on the reaction velocity of catalytic actions, and particu- 
larly is this true of organic catalyzers (enzymes^ within narrow margins 
of temperature. For instance, Tammann 1 has found that the temperature 
coefficient for emulsin on salicin between 60 and 70° was 12.3. What 
is true of enzymes is also true in a degree of cells, for broadly speaking 
these also are catalyzers, or rather systems of catalyzers. The organisms, 
then, may continue very rapidly to increase in activity until finally they 
die in hyper-activity. With this in mind, the increased velocity of sugar 
decomposition as higher temperatures were used becomes clear. / This 
affords an explanation, too, of the occasional curdling of milk on pas- 
teurizing, and gives further reasons for using a not too highly inoculated 
milk in such processes. 

Conclusions. 

1. The alkaline salts have no effect on the lactose in milk when it is 
heated at 85° for some time. 

2. Perfectly concordant results can be obtained by the optical and 
gravimetric methods for lactose in pasteurized milk. 

3. Concordance between the results by the optical and gravimetric 
methods can not be taken, as has been suggested, as evidence that the 
milk has not been pasteurized. 

4. In bottle pasteurization it is impossible to heat the milk quickly 
enough to prevent appreciable amounts of lactose being decomposed, 
unless the milk has a very small bacteria count. 

5. Some lactic acid organism or organisms work prodigiously at a 
temperature of 80-85°, though for a short time. They work more slowly 
but for a longer time at 60 °. 

6. The presence of a sediment containing calcium phosphate in pas- 
teurized milk has been confirmed. 

Wesleyan University, Middletown Conn 

[Contribution from the Chemical Laboratory of Michigan Experiment Sta- 
tion.] 

ORGANIC NITROGENOUS COMPOUNDS IN PEAT SOILS. 

By $ L. Jodxdx 
Received January 27, 1910. 

When we take into consideration that not less than one-seventh of the 
total area of the state of Michigan consists of swamp lands largely covered 
4 1 Z. physioL Ghent,, 16, 323. 
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by peat and muck, which is more or less also true of New England, of 
the northwestern, western and middle states, and that their entire area 
in the Union is estimated to reach the imposing figure of 75,000,000 
acres, we are impressed with the necessity of an investigation of peat 
soils with a view to learning as much as possible about their agricul- 
tural possibilities. 

As far as could be learned from the literature within our reach, no 
systematic investigations of a similar nature have been conducted. 

When we consider a soil from the standpoint of agricultural chemistry, 
one of the first things to demand attention is the so called tripod of agri- 
culture. This is natural enough, since many soils are deficient in one or 
more of the three essential elements: potassium, phosphorus and nitro- 
gen. 

Though the atmospheric ocean surrounding the earth contains count- 
less millions of tons of nitrogen, it is, as such, of little avail, since the 
plants — with the exception of the legumes — are not able to utilize the 
free nitrogen of the air. It is the combined nitrogen only that is of agri- 
cultural value. Besides, there are a number of processes by which the 
nitrogen is liberated from the nitrogenous compounds and lost as plant 
food. The process of combustion, the denitrification through micro- 
organisms, and the reaction of nitrous acid upon organic nitrogenous com- 
pounds, the spontaneous decomposition of ammonium nitrite liberate 1 
more or less free nitrogen. 

True, some combined nitrogen in the shape of nitric acid and ammonia 
comes with atmospheric precipitations into the soil which is still more 
enriched with nitrogen through the activity of certain soil bacteria. But 
it is certain that, to-day, a much larger amount of nitrogen is removed from 
the soil than is returned to it by synthetic or other means. 

In the peat bogs, nature has placed at the command of man soils with 
large quantities of combined nitrogen. From the data given below, it 
will be seen that Michigan brown peat — the most abundant type in that 
state— contains in round figures from 2 25 to 2.75 per cent, nitrogen in 
the oven-dried state. This percentage means that about four tons of 
nitrogen are contained in eacti acre-foot. Such a quantity of nitrogen, 
if it could be utilized, would be sufficient for continuous cropping during 
three-quarters of a century. As far as inorganic nitrogen is concerned, 
it was found that nitrates are not present in the brown peat deposits 
occurring in Michigan; also that the quantity of ammonia present is 
quite small, ranging from a few thousandths to a few hundredths of one 
per cent. Hence the nitrogen practically consists of organic bodies only. 
But of what nature are they? This question seems to be quite a com- 
plicated one when we consider that organic nitrogenous compounds ex- 
l Q. Kellner and T. Yoshii, Z . physiol, Ch$m. t 105-107 (i8$8). r 
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ist in the shape of amines, acid amides, monamino and diamino acids, 
cyanides, indole derivatives, pyridine derivatives, etc., and that a good 
many of these bodies can be of aliphatic as well as of aromatic origin. 

However, contemplations of a general nature will give us some idea 
as to the direction in which the problem under consideration can be at- 
tacked. It must be borne in mind that peat is a decomposition product 
of vegetable matter. Since the bulk of nitrogen in plants is commonly 
made up of proteins, which are contained in all plants, it is obvious that 
our attention must be directed first of all to the proteins and their de- 
composition products. However, in order to get some general concep- 
tion as to the compounds or groups of bodies that tfiay be present in peat, 
we must take into consideration the processes that take place in the 
plants when they cease to live. It is only protein in a dry state that is 
of a constant nature, but when subjected in a moist state to the influ- 
ence of the ubiquitous bacteria — which is the case with protein in#dead 
plants — it soon begins to decompose. The process of decomposition 
splits the complicated protein molecules into a considerable number 
of products. The following nitrogenous decomposition products* have 
been discovered and identified by a great number of investigators: 

Ammonia , 1 leucine , 2 tyrosine , 8 aminovaleric acid , 4 indole , 5 skatole , 6 
indole acetic acid , 7 indole propionic acid , 8 putrescine , 9 cudaverinc , 9 
ptomaines generally, and others. 

The nitrogenous decomposition products furnished by boiling the pro- 
teins with acids, e. g., with hydrochloric acid, are as follows: 

Ammonia , 10 histidine , 11 arginine , 11 lysine , 11 diamino- ace tic acid , 12 glyco- 
coll , 13 alanine , 18 aminovaleric acid , 13 leucine , 10 tyrosine , 10 aspartic acid , 10 
glutamic acid , 10 cystine , 14 phenylalanine , 13 a-pyrrolidinecarboxylic acid , 13 
oxyproline and humin substances. 

Since peat has its origin from gradually decayed plants, and as far as 
nitrogen is concerned, chiefly from decayed proteins, it follows that the 

1 Z. physiol. Chem., 22, 514-521 (1896-97). 

2 Ibid., 22, 514 (1896-97). 

* Ibid., 2. 

4 E. und H. Salkowski, Ber , i\ 1191. 

• W. Kflhne, Ber., 8, 206. 

• M. Nencki, Z. physiol. Chem., 4, 371-372. 

I Z. physiol . Chem., 9, 8-22 (1885); Ber., 13, 189; Z. physiol. Chem., 27, 302 (1889); 
Ber., 37, 1801 (1904). 

3 E. Salkowski, Z. physiol. Chem., 27, 302 (1899)- Ber., 38, 2884 (1905). 

• A. EUittger, Ber., 31, 3183. 

10 Hlasiwetz und Habermann, Ann., 169, 150; also J. prakt. Chem., [2] 7, 397. 

II E. Schulze und E. Winterstein, Z. physiol . Chem., 28, 459. 

12 Drechsel, Ber. s&chs. Ges. Wiss., 44, 115. 

la Emil Fischer, P. A. Levene und ft, H. Aders, Z. physiol. Chem., 35, 70*79 (1902). 

12 K. A ♦ B. Moraer, Z. physioL Chem., 28, 595 (1899). 
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series of bodies representing the decomposition products of proteins 
through the action of micro-organisms is of special interest to us. How- 
ever, it is not out of the question that we may find compounds present 
in the peat which are generally associated with the decomposition of 
proteins by mineral acids. 

By considering the above two series of decomposition products more 
closely, we can readily see that the great majority of them belong to 
two classes of organic compounds, namely to the monamino acids — leu- 
cine, tyrosine, aminovaleric acid, aspartic and glutamic acid, etc. — 
and to the diamino acids — histidine, arginine, lysine and diamino acetic 
acid. Some of the monafnino acids, e. g ., the aspartic and glutamic acid 
may originate from the amides, asparagine and glutamine, which are, 
as such, often contained in plants. Thus we logically come to the con- 
clusion that the bulk of nitrogen in peat may be present in the shape 
of amides, monamino acids, and diamino acids. 

We must not omit to mention here that it is reasonable to assume 
that the plants, through the decay from which the peat resulted, may 
have contained also nitrogenous bodies other than proteins, and further, 
that decomposition in nature, under the influence of its various agents, 
may be in some respects different from the decomposition in the labora- 
tory of proteins proper, either by chemical means or through bacterial 
activity. The possible interaction of the decomposition products and 
the leaching in nature must also be taken into consideration. Conse- 
quently, the separation of the peat constituents into amides, diamino 
acids and monamino acids may not take place exactly in the same man- 
ner as it does with proteins. This should be kept in mind by viewing 
the data presented in Tables III and V. 

The method applied for the separation of the organic nitrogenous 
bodies in peat soils was essentially the one employed in protein chemistry 
with slight modifications. A definite volume of the sulphuric acid or 
the hydrochloric acid extract of peat, corresponding to, say, 0.05 gram 
nitrogen was, after cooling, carefully neutralized with cream of magnesia, 
of which some excess was used. The ammonia obtained by distillation 
gave the amount of nitrogen corresponding to the amides present in the 
peat. 

The residue from distillation with magnesia was dissolved in dilute 
sulphuric acid so as to have approximately a five per cent, acid solution, 
then phospho tungstic acid solution added in some excess and allowed 
to stand for at least twenty-four hours. The precipitate containing 
the diamino acids was then filtered out, washed with water containing 
from two and one-half to five per cent, sulphuric and the same amount 
of phospbotungstic acid. The filter, together with the diamifia acid 
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precipitate, was transferred to a flask and the diamino nitrogen estima- 
ted according to Kjeldahl’s method. 

The filtrate and washings from the diamino acids, containing the 
monamino acids, were filled up with distilled water to a definite volume, 
usually to 500 cc., of which 100 cc. or 200 cc. werj oxidized by the Kjel- 
dahl method. The amount of ammonia found by distillation and calcu- 
lated to the total volume gave the percentage of nitrogen corresponding 
to the monamino acids. 

Instead of directly determining the amount of monamino nitrogen by 
Kjeldahl’s method, which is difficult to accomplish in an exact way, 
the sum of the percentages of amido nitrogen and diamino nitrogen can 
be subtracted from the total quantity of nitrogen extracted from the peat. 
The difference evidently represents the monamino nitrogen. 

Experimental Part. 

Prior to starting experiments with the object in view of finding out 
the various organic nitrogenous compounds contained in peat soils, it 
was thought advisable to establish their composition by elementary 
analysis. This was also suggested by the fact that the* literature, as 
far as we know, contains very few complete analyses of American peat 
soils, at least as far as the organic constituents are concerned. The brown 
peat sample, 1 the analyses of which are given below, is one that is 
typical for Michigan. It was taken from three to four feet below the 
surface or about the usual water-line in that peat deposit. It was made 
up of fibrous remains of sedges and, in the upper layers, of small shrubs 
and similar plants. It represents a well-decomposed, fibrous, brown 
peat. In order to have the peat sample in a state suitable for analytical 
purposes, it was dried in an electric drying oven at a temperature of from 
40 to 6o°, and then put through a 20-mesh sieve. 

Calculated to water-free basis, the analysis gave : 

C, 55 06; H, 5.21; N, 2 74; S, o 35; Ash, 6 62; O (by difference), 30.02. 

In order to be able to separate the nitrogenous bodies present in peat 
soils, it was necessary first of all to find a suitable solvent for the ex- 
traction of these compounds. It was soon found that the quantity of 
nitrogenous substances whhh could be extracted with water was small. 
Moderately dilute hydrochloric and sulphuric acids proved to be the 
most suitable solvents for the purpose we had in view. Since only a 
small part of the peat soils could be dissolved in these acids, the sugges- 
tion was plausible that a number of factors, like the amount and con- 
centration of the acids, temperature and duration of digestion, as well 
as the fineness of the samples, might have an influence upon the per- 
centage of nitrogenous bodies that could be extracted. The experi- 

1 All of the peat samples referred to in this paper were very kindly furnished 
by Dr. Chas. A. Davis, of the United States Geological Survey. 
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ments, the results of which are contained in Table I, have fully confirmed 
this supposition. Before presenting the results, however, we shall briefly 
describe the manner in which the peat was extracted with the various 
reagents. A definite amount of peat was transferred to a flask, then 
sulphuric or hydrochloric acid previously diluted with distilled water 
was added. The contents of the flask were shaken to a uniform mass, 
heated to the boiling point and kept boiling under a reflux condenser 
for a certain number of liouis. Or, instead of boiling with reflux con- r 
denser, the flask containing the peat with the reagents was put into an 
autoclave where it was kept under a constant pressure. The boiled 
mass was then filtered and washed with boiling water. The peat remain- 
ing on the filter was then transferred to a flask, distilled water added, 
boiled for a few minutes, sucked off, washed with hot water, and these 
operations repeated another time. Filtrate and washings were evapo- 
rated and filled up to a definite volume, usually to 500 or 1000 cc., of 
which 100 or 200 cc. were taken for nitrogen determinations by the Kjel- 
dahl method. The nitrogen found was calculated to the original volume. 
Results of this experiment will be found in Table I, under method (a). 

Since the repeated boiling and washing with hot water, as well as 
the filtrations, require considerable time, this method was modified in 
a number of cases as follows: After digestion of the peat for a specified 
length of time, either under reflux condenser or in the autoclave, the 
flask content was cooled to room temperature and filled up to a definite 
volume with distilled water. After shaking, it was filtered through a 
dry filter, and two portions of the filtrate were taken for nitrogen esti- 
mations by KjeldahFs method. The nitrogen thus found was calculated 
to the volume of the liquid minus the volume occupied by the peat. 
The results of this experiment will be found in Table I, under method 
(1 b ). That these two methods differ to a degree in their results may be 
partly due to the high absorptive power of peat for ammonia and other 
nitrogenous substances. 

In glancing at the table, one can see at once that the concentration of 
the acid and the duration of digestion have the greatest influence, whereas 
the quantity of the reagents used has only a slight influence upon the per- 
centage of nitrogenous bodies that can be extracted from the peat. Thus, 
comparing the experiments 1 and 2, 4 and 8, 6 and 7, where, with the 
exception of the time of digestion, all the conditions were the same, we 
find that the percentage of nitrogenous substances extracted rises with 
increased hours of digestion. Also we notice, by comparing experiments 
3 and 4, having equal hours of digestion, that, although the amount of 
acid used in the latter is considerably smaller than in 3, yet the percentage 
of extracted nitrogen is about 12 per cent, higher, showing the predom- 
inant influence of the concentration of the sulphuric acid. The* same 
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conclusion can be drawn from experiments 1 and 3. What is true of the 
sulphuric acid is also true of the hydrochloric acid, which extracts about 
the same percentage of nitrogen as does the sulphuric acid under the 
same conditions. Thus experiments 4, 8 and 14, with the same or about 
the same hours of digestion, show that the 47 per cent, sulphuric acid 
extracted more nitrogen than the 38 per cent, hydrochloric acid, whereas 
from experiments 1 and 14 it follows that the hydrochloric acid of a higher 
concentration was able to extract more nitrogen than the sulphuric 
acid of a lower concentration. 

The experiments 10 and 11 show how small an amount of nitrogenous 
bodies can be extracted from the brown peat by means of water. This 
also holds true for other types of peat, for instance, for black peat as well 
as for weathered brown peat. 

That from a peat in a finer state of division more nitrogen can be ex- 
tracted than from a coarser peat is plainly seen from experiments 12 
and 13, conducted under exactly the same conditions with the exception 
of the fineness to which the respective peat samples were reduced. From 
this it follows further that the percentages of nitrogen extracted from 
the brown peat and given in Table I should be considered as minimum 
figures, since all the experiments, with the exception of 13, were made 
with peat which passed a '20-mesh sieve. 


Table II. ~ 


Nitrogen Extracted by Repeated Digestion with Acid. 

Nitiogen extracted. 


No. of 
experi- 
ment 

Digestion. 

Amount 
of oven- 
dried peat. 
Grams. 

Strength 

Of H0SO4 

(percent Hours 

by weight), digested. 

Per cent, 
of total 

Grams. nitrogen 

Per cent, 
of oven- 
dried peat. 

I 

1 St 

47415 

33-3 

10 

0.05616 43 - 2 3 

1. 19 

I 

2nd 


33-3 

11 

0.01300 10. 01 

0.27 

I 

- 3rd ' 


33-3 

29 

0.01248 9.61 

0.26 

I 

4th 


33-3 

3 2 

0.00710 5.47 

O.15 






Total, 68 . 32 

I.87 

2 

ISt 

7 5864 

254 

10 

0.09507 45.74 

1 - 2 5 
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But, on the other hand, even boiling for several days with quite strong 
acid did not dissolve out all the nitrogen contained in the peat. Since 
the separation of different organic, nitrogenous bodies into groups can be 
accomplished only in an acid solution, the question as to whether it is 
possible to extract all the nitrogen from peat by means of acids was of 
considerable importance. To definitely decide this question, a few peat 
samples were boiled for a number of hours with fairly strong acid, fil- 
tered and thoroughly washed with hot water. The peat was re-extracted 
several times, being thoroughly washed with hot water after each ex- 
traction. The filtrates and washings, after each digestion, were filled 
up to a definite volume and the nitrogen estimated according to Kjel- 
dahPs method. Table II contains the results obtained through repeated 
digestions. 

In reviewing the results of Table II, we can readily see that the total 
amount of nitrogen extractable from peat can be increased a few per 
cent, by repeated digestion, although even in the latter case it # wa$ not 
possible to obtain all the nitrogen in solution, 68 32 being the highest 
percentage of nitrogen extracted with acid. However, taking into con- 
sideration experiments 12 and 13, of Table I, as well as experiment 1 of 
Table II, we are justified in saying that at least 70 per cent, of the nitro- 
gen can be obtained in solution if the digestidn with acid is performed 
with a brown peat that has passed through an 80-mesh sieve. But the 
question as to whether it is possible to extract all the nitrogenous bodies 
from peat by digesting with acid must be answered in the negative, at 
least this is true under the conditions given in Tables I and II. 
Separation of the Organic Nitrogenous Bodies into Different Groups. 

As already mentioned, practically all the nitrogen contained in the 
brown peat is of organic nature. The quite small amount of ammonia 
present as such in the peat is, it should be remembered, also represented 
in the total amount oi ammonia obtained by distilling the add-treated 
peat with magnesium oxide. Hence, we must subtract the ammonia 
present as such in the fresh peat from this total* amount of ammonia in 
order to find the ammonia corresponding to the amides only. Table 
III shows the percentage of the different nitrogenous groups contained 
in the brown peat 

From Table III it can readily be seen that the strong acid (47.5 
per cent) gave about six per cent more nitrogen in solution than the 
weaker acid, and that this nitrogen was chiefly amido nitrogen , and mon- 
amino nitrogen. When we consider the nitrogen in solution as 100 
and reduce to this basis the data in Table III, we get the figures contained 
in Table IV. 

The percentage of monamino nitrogen given in this table was found 
by difference from one hundred. This percentage was usually higher 
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Tabus III. — Amount and Percentage of Nitrogen Contained in the Different 

Groups in Brown Peat. 
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than the one directly found by Kjeldahlizing the filtrate from the phos- 
pho tungstic acid precipitate. For instance, in experiment 2 the per- 
centage of monamino nitrogen directly found was only 62.83 and in 
experiment 3 it w r as 64.25 per cent, instead of 67 22 and 65.06, respec- 
tively. The chief reason why the direct determination usually gives 
too low a percentage of the monamino acids lies in the difficulty of a com- 
plete oxidation of the nitrogenous bodies in the presence of an excess 
of phosphotungstic acid. 


Table IV. 
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An attempt was made to isolate in substance and, if possible, to iden- 
tify the diatnino and monamino adds present in the peat. For this 
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purpose a brown peat from Chelsea, Michigan, was used, of the same 
type as the one previously described. Its analysis, calculated to peat 
free^of water and ash, gave: C, 60.03; H, 5.73; N, 2. 38. 

With this brown peat the following experiments were made: 

To 54.94 grams of air-dried peat corresponding to 50 grams of oven- 
dried peat, a mixture of 150 grams concentrated sulphuric acid and 300 
grams of water was added, then heated to the boiling point, and kept 
boiling under reflux condenser for 14 hours. During the boiling, de- 
velopment of hydrogen sulphide was noticed. (Hydrogen sulphide was 
detected when another sample of peat was digested with hydrochloric 
acid.) The flask content was filtered, the peat remaining on the filter 
was transferred to a flask, boiled with water, filtered and washed with 
hot water. These operations were repeated three times. Filtrate and 
washings were evaporated, filled up to 1000 cc., and two Kjeldahl deter- 
minations made to determine the amount of extractable nitrogenous 
bodies. The peat extract was then treated with a hot solution fit bar- 
ium hydroxide in order to remove nearly all the sulphuric acid. The 
barium sulphate was filtered out, boiled with water three times, and each 
time sucked off and thoroughly washed. Filtrate and washings Were 
somewhat concentrated and then treated with magnesium oxide on a 
water bath until all ammonia was removed. Barium hydroxide solu- 
tion was then added in excess; the precipitate, consisting chiefly of mag- 
nesium hydroxide and barium sulphate, was filtered out and then extracted 
three times with hot water. Filtrate and washings were then united 
and sulphuric acid added in some excess to remove the baryta. The 
filtrate containing the organic nitrogenous bodies was treated according 
to the method given by A. Kossel for the separation and identification 
of histidine and arginine as silver compounds. The result was a nega- 
tive one. 

The resulting filtrate from the above procedure was acidulated with 
sulphuric acid and treated with hydrogen sulphide. The new precipi- 
tate consisting of barium sulphate and silver sulphide was filtered out, 
extracted with hot water, the filtrate and washings were somewhat con- 
centrated and sulphuric acid was added so as to make the solution con- 
tain five per cent. It was then treated with phosphotungstic acid. A 
precipitate was obtained which was washed with a five per cent, sulphuric ; 
acid and then treated with barium hydroxide to remove the phospho- 
tungstic acid. The filtrate was freed from barium by means of carbon 
dioxide, evaporated nearly to dryness, taken up with hot water and fil- 
tered. The filtrate, when evaporated nearly to dryness, consisted of a 
few drops of a brown sirup. This, treated with picric acid, gave a yel- 
low precipitate too small in quantity for identification. 

The filtrate from phosphotungstic acid precipitate, supposed to con- 
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tain monamino acids, was treated with barium hydroxide to remove 
the phosphotungstic acid and then treated with carbon dioxide to remove 
the excess of barium hydroxide. The filtrate from barium carbonate 
showed the Millon reaction. It was natural enough to think of tyrosine. 
On the other hand, it must be taken into consideration that nearly all 
benzene derivatives in which one hydrogen atom is replaced by the hy- 
droxyl group give the same reaction. Considering the relation of peat 
to protein decomposition products, phenol, ortho- or paracresol or tyro- 
sine were possible. 

On adding iron chloride to the filtrate from barium carbonate, no vio- 
let or blue color reaction was noticed. Addition of bromine water did 
not cause any precipitate. These two negative reactions showed that 
the filtrate under consideration did not contain either phenol or cresol. 
The non-volatility of the substance in question spoke in favor of tyro- 
sine; however, identification of the tyrosine by means of the microscope 
or Piria's test could not be accomplished, since the tyrosine was not ob- 
tained in substance. This will be comprehended when we state that alto- 
gether only 0.43 gram nitrogen was originally in the shape of organic 
compounds, of which a part was lost through a number of operations 
mentioned above, and that the remaining nitrogen was very likely pres- 
ent in the shape of various monamino acids. 

Weathered Brown Peat. 

It was of interest to learn whether the peat undergoes changes, and if 
so of what nature, when subjected to atmospheric influences. For this 
purpose a sample of brown peat was taken which had been weathering 
for two or three years on the surface of the bog. The analysis of this 
peat reduced to the water-free basis, gave: C, 54.35; II, 5.56; N, 2.69; 
S, 0.34; ash, 3.79; oxygen (by difference), 33.27. 

The nitrogen of the peat was separated into the different groups. The 
results are given in the table below: 


Table V. — Amount and Percentage of Nitrogen Contained in the Different 
Groups in Weathered Brown Peat. 
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Tablb V (Continued). 
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By calculating the data in Table V to the nitrogen in solution as a 
basis, we get the following table : 


Table VI. 

Nitrogen in solution as 
Number , * 


of 

experi- 

ment. 

Ammoniacal 
nitrogen originally 
contained in peat. 

Amido 

nitrogen. 

Diamino 

nitrogen. 

Monamino 

nitrogen. 

Total 
nitrogen 
m solution. 

I 

0.30 

23*99 

0.0 

75-71 

IOO 

2 

0.28 

23*33 

0.0 

76-39 

• IOO 

Average, 0 . 29 

23.66 

O O 

76.05 

IOO 


When we compare Tables V and VI with Tables III and IV, we can 
readily see that certain changes took place in the nitrogenous groups by 
virtue of the agencies active in the weathering process. In the first 
place we notice that whereas in the brown peat, prior to the weathering 
process, the percentage of ammoniacal and amido nitrogen was 0.041 and 
0.439, it changed to 0.005 and 0.408, respectively, in the weathered 
peat. Thus, through the weathering, a total decrease of 0.067 per cent, 
of ammoniacal and amido nitrogen took place, through leaching or some 
other cause. This may account for the fact that while the brown peat 
had 2 . 52 per cent, of ammoniacal and 26 . 80 per cent, of amido nitrogen, 
the weathered brown peat had 0.29 per cent, and 23.66 per cent., re- 
spectively, calculated to the nitrogen in solution as basis. This, as well 
as the disappearance of the diamino nitrogen in the^weathered peat, 
must have necessarily increased the percentage of monamino acids in 
the weathered peat. It should, however, be borne in mind that, while 
the estimations of ammoniacal and amido nitrogen give accurate results, 
the determination of diamino nitrogen is not quite satisfactory. This 
influences, of course, the monamino nitrogen, since the latter is calcula- 
ted by difference. 

Considering the changes in the weathered peat, the assumption was 
justified that the solubility of the nitrogenous substances in the peat 
must have changed. From Table I it was evident that the solubility 
pa water of the nitrogenous bodies contained in the brown peat is very 



ORGANIC NITROGENOUS COMPOUNDS IN PEAT SOILS. 


409 


small. It was of interest to learn the solubility in water of the weathered 
brown peat. For this purpose a few grams of peat were transferred to 
a flask, a definite amount of water added, mixed, digested, then filled up 
usually to 500 cc., mixed, filtered, through a dry filter, and two portions 
of 200 cc. each taken for Kjeldahlization. The nitrogen thus found was 
recalculated to the total volume. Table VII shows the results 
of these experiments: 


Table VII.— The Solubility in Water of the Nitrogenous Bodies in Weath- 
ered Brown Peat. 
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From these experiments it follows that the solubility in water of the 
nitrogenous compounds in the weathered brown peat increases with the 
rise of temperature. This was also the case with the brown peat as dug 
from the bog, as can be seen from experiments 10 and 11, in Table I, and 
holds true also for the black peat. In other words, the solubility in water 
of the nitrogenous compounds in the various types of Michigan peat is 
in certain limits a function of the temperature. This being the case, 
we can further assume that the peats digested at higher temperature 
and pressure in a suitable autoclave will give a larger amount of water- 
soluble compounds than was obtained, for instance, in experiment 1, 
Table VII. That digestion at a higher temperature gives a higher per- 
centage of water-soluble nitrogenous compounds is very likely due, in 
part, to hydrolysis of the nitrogenous bodies present in the peat. 

By comparing Tables IV and VI it is readily seen that only about 
ten per cent, of the nitrogen in acid solution (and still less of the total 
nitrogen in the peat) has changed during weathering during two or three 
years, and that, in addition, the changes of the nitrogenous bodies did 
not go far enough to be converted, for instance, into ammoniacal nitro- 
gen. 

Conclusions. 

While the data in hand do not warrant conclusive deductions as to the 
agricultural value of peat soils, for which further investigation will be 
necessary, the results obtained and given in this paper permit of draw- 
ing the following conclusions: 
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1. There are no nitrates in the types of Michigan peat soil examined. 

2. The amount of ammonia is small, ranging from a few thousandths 
to a few hundredths of one per cent., this representing the nitrogen avail- 
able immediately as plant food. In the case of the brown peat, the 
amount of ammonia is sufficient to meet the needs of one or two crops, 
as is evident from the following: There are in an acre-foot in round 
numbers 170 tons of oven-dried peat, with 0.041 per cent, ammoniacal 
nitrogen, making 0.0697 ton or 139.4 pounds nitrogen as ammonia. 

3. Practically all the nitrogen in the peat is of organic nature. 

4. The bulk of the organic nitrogen, namely from two-thirds to three- 
quarters calculated upon the nitrogen in solution, by boiling with acids, 
is present in the form of monamino acids, about one-quarter in the form 
of amides and the rest of the nitrogen represents diamino acids. 

5. Through weathering, the organic nitrogenous bodies present in 
the brown peat change quite slowly. 
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SOME RECENT ADVANCES IN ORGANIC CHEMISTRY. 

Jan. 1, 1908-July 1, 1900. 
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Received December 13, 1909. 

Among the advances in organic chemistry during the last few years 
which have been remarkable for the difficulty of the experimental work 
involved are those which have been made at the border line between 
pure organic and physiological or biochemistry. These have deserv- 
edly attracted very wide attention. 

Proteins . — Naturally one thinks first of Fischer's already classic work 
on the proteins when biochemistry is brought under discussion. This 
work has been steadily continued and polypeptides have been prepared 
of every naturally occurring amino acid, with the exception of five, which 
are very difficult to obtain or for which special methods will have to be 
worked out. The number of polypeptides isolated from the partial 
hydrolysis of proteins has constantly increased and five of these so iso- 
lated have been found to be entirely identical with those previously pre- 
pared synthetically in the laboratory. 1 Thus Fischer's theory of the pro- 
tein constitution has been steadily strengthened. A discussion of the 
impetus which this theory has given to the more scientific study of prob- 
lems of digestion, of assimilation, and of ferment action, lies without the 
province of this review, but a casual glance at the physiological literature 
will show the valuable service which the theory is rendering. 

Early in the study 6f the polypeptides it became apparent that in order 
to obtain any large number of derivatives of the hydroxyamino acids 
some method would have to be devised for the temporary protection of 
the hydroxyl group so that hydroxyamino acid chlorides could be pre- 
1 Abderhal den-Phy siologi sche Chemie," 2nd Edition, p. 258 (1908). 
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pared. Fischer 1 has solved the problem by shaking the hydroxy acid 
to be protected, in alkaline solution with chlorocarbonic methyl ester, 
when the carboniethoxy group is introduced. 
HOC 6 IJ 4 CH 2 .CH.NHR.COOH + CH 3 OCOCI = 

CH 3 OCb.OC fi H 4 CH 2 .CH.NHRCOOH + HC1. 
The derivative thus obtained can be readily changed into the acid chlo- 
ride by the action of phosphorus pentachloride and the acid chloride 
can be used for condensations. In the condensed product the hydroxyl 
group can easily be regenerated by hydrolysis with alkali. By means 
of this reaction a tetrapeptide, hitherto unattainable, containing tyro- 
sine, has been prepared. The method has, however, a wider applica- 
tion in the synthesis of aromatic hydroxyketones, of which Fischer has 
prepared a number hitherto obtainable only with difficulty. He has 
carried the reaction still further and has prepared a number of gallic 
acid derivatives, among them a crystalline compound w T hich was proba- 
bly digallic acid . 2 This has not as yet been obtained entirely pure, so its 
relation to tannic acid is still uncertain. 

Fischer's studies of the optical properties of the amino acids have also 
led to valuable results. Together with Raske 8 he treated the ethyl 
ester of /-serine with phosphorus pentachloride and obtained a-amino-#- 
chloropropionic ethyl ester. On reduction this yielded rf-alanine. By 
treating the same chlorine derivative w r ith barium hydrosulphide they 
obtained /-cysteine, which on oxidation gave /-cystine. This series of 
reactions proves that /-serine, d- alanine and /- cystine, the naturally oc- 
curring forms of these acids, all have the same configuration. Previously 
Fischer and Jacobs 4 had shown that /-serine gives /-glyceric acid with 
nitrous acid, Neuberg and Silberman 5 had shown that /-glyceric acid and 
/-tartaric acid have the same configuration, and Fischer had connected 
the configuration of (/-tartaric acid with rhamnosc, so that if all steps in 
the work were correct we have the beginning of a rational classification 
of the optically active mono-amino acids. Some doubts have been 
thrown on the correctness of the results of Neuberg and Silbermann 
however, so that the relationship between the amino acids and glucose 
is not yet entirely certain. 

The results obtained by Fischer and Scheibler® in their study of “Wal- 
den's reversal" are interesting but too complex to be given here. 

Nucleic Acids . — The problem of the constitution of the nucleic acids has 
been a difficult but attractive field. It has been known for some time that 
the nucleic acids have three constituents, carbohydrate, phosphoric acid, and 
purine or pyrimidine bases. The manner and order of linking of these con- 
stituents have not been known nor has the carbohydrate constituent been 
identified beyond question. That the carbohydrate in most nucleic 
acids is a pentose is now generally agreed, and Levene and Jacobs 7 
have very recently shown that in four nucleic acids examined by them 

1 Ber. f 41, 2860 (1908). 

* Ibid '., 41, 2875 (1908). * 

* Jbid 40, 37*7 (1907); 4 *, 893 (1908). 

4 Jbid ,, 40, 1057 (1907). 

8 Z. physiol Chem. f 44, 134 (1905). 

* Ber, t 41, 889, 2891 (1908). 

7 Jbi 4 H 41, 2703 (1908); 42, 335, 1198, 2102, 2469 and 2474 (1909), * 
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the same pentose is present and this pentose is very probably /-ribose. 
Burian, through his studies upon the diazonium compounds of the purine 
bases, has rendered it very probable that the purine group is bound in 
the nucleic acid molecule through its imide hydrogen in the position 
seven. 1 No sharp experimental evidence has, however, been brought 
to show the order of coupling of the constituents in the molecule till 
recent papers by Levene and Jacobs. 2 By acid hydrolysis they obtained 
a phosphoric acid-pentose complex which had strong reducing power 
and in which therefore the aldehyde group of the pentose was free. By 
neutral hydrolysis of the barium salts of several nucleic acids they then 
obtained a purine base-pentose complex which had no reducing power. 
From these facts they conclude that the pentose must be coupled ester- 
like through one of its hydroxyls to the phosphoric acid and glucoside- 
like through the aldehyde group to the purine base, Guanylic acid 
would be then as follows: 

( 9 ) ( 4 ) 

N — c — N ( 3 ) 

II II II 

OH H H H H HC<8) || || 0 

/ I I I I I II II 

0 = P O— .CH 2 — C — C — C - -C — N — C( 5 ) C.NH 2 (2) 

\ J I I I (7) !(*>]• 

OH I OH OH O O-C — NH CS 

i 1 

Such a complex they call a “mono-nucleotide” and suggest that the 
nucleic acids are made up of several of these complexes all alike or differ- 
ent as the case may be, linked together through the phosphoric acid, 
just as the proteins are composed of polypeptides bound together and 
the polysaccharides of mono-saccharides coupled in chains of varying 
length. 

Cholesterol . — Through the painstaking work of Windaus 8 a great deal 
has been added to our knowledge of the constitution of cholesterol. By 
the judicious application of different oxidizing agents in rotation he has 
been able to break off various side chains till finally an acid, very re- 
sistant to oxidation, has been obtained with the compact formula 
C 17 H 2e (COOH) 4 . The various steps in the oxidation process are too 
numerous to be given here, but from the results Windaus concludes that 
he is justified in writing cholesterol, which has the empirical formula 

^ 27 ^ 46 ^ * 

(CH B ) 2 CH.CH 3 .CH 2 .C 17 H 26 CH : CH 2 
CH 2 

- \ / 

CH.OH 

From the structure given it is apparent that of the twenty-seven atoms 
of carbon in the molecule the functions of ten have been determined. 

Chlorophyll. — Although the work of Willit fitter 4 and his co-laborers 

1 Of. “Abderkalden-Physiologische Chemie/* 2nd Edition, p. 385. Bet., 37, 696, 708 

,(1904)* 

3 Loc. cit. 

9 Ber. t 40, 2637 (1907); 41, 6ix, 2558 (1908); 42, 3770 (I9^9)* 

4 Ann., 350, 1, 48 (1906); 354, 205; 358, 20$, 267 (1908). 
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on chlorophyll began to appear several years ago, it has continued into 
the time supposed to be covered by this review. The conclusions which 
they have reached may be summarized very briefly. Chlorophyll occurs 
in at least two different forms, amorphous and crystalline. The amor- 
phous chlorophylls, which apparently predominate in most plants, are all 
esters of the same high molecular w T eight unsaturated alcohol, phytol, 
C 20 H 40 O, with different complex acids. The crystalline varieties, if they 
are esters at all, contain only low molecular weight alcohols so soluble 
in water that they have escaped detection. Both varieties of chloro- 
phyll contain magnesium in the acid part of their molecules, so combined 
as to be very resistant to alkalies. This magnesium is readily split off 
by dilute acids and the organic residues remaining may be broken up by 
severe treatment with strong acids and alkalies into less complex products, 
a number of which have been isolated and analyzed. Willstatter's re- 
sults have generally been accepted. Stoklasa 1 has, however, recently 
published a series of analyses of samples of chlorophyll prepared by him- 
self, in all of which he found very appreciable quantities of phosphorus. 
The phosphorus is bound in such a labile manner, according to him, that 
Willstatter removed it by his process of purification. The majority of 
chemists will probably accept Willstatter’s conclusions, however, that 
the phosphorus is an adhering impurity properly removed during 
purification. 

Carbohydrates . — A number of articles of interest have appeared deal- 
ing with the carbohydrates and their derivatives. Fischer and Raske 2 
have applied the methods of Konig and Knorr 8 for the preparation of 
glucosides from acetobromoglueose and alcohols. The essential point of 
this method is that the alcohol and the acetobromoglueose are shaken 
together in a neutral organic solvent in the presence of silver carbonate. 
The silver binds the hydrobromic acid so that the reaction goes to end 
in neutral solution. The tetraacetylglucosides were obtained in crystal- 
line form and the acetyl groups removed bv hydrolysis with barium 
hydroxide. By this method glucosides of aliphatic, aromatic, and hydro- 
aromatic alcohols were prepared. The glucosides of menthol and borneol 
thus obtained are the first terpene glucosides to be described. All of the 
glucosides prepared were hydrolyzed by emulsin and are therefore proba- 
bly /?-glucosides. 

Hudson 4 has pointed out certaiii relations between the molecular rota- 
tions of the various sugars. Evidence indicates that tv- and / 9 -glucose 
at^ .both lactones and differ from each other only sterically. This 
stene difference must be entirely in the fifth, new asymmetric carbon 
atom which is produced when the aldehyde group of glucose is hydrated 
and then dehydrated to form a lactone. If the theory of optical super- 
position holds 5 the optical effect of the four asymmetric carbon atoms 
common to both forms must be the same. Let this effect be B. The 
rotation produced by the fifth asymmetric carbon atom will be the same 
numerically in both forms but will be different in sign, and can therefore 

1 Ber. deutseken bot. Ges., 26a, 69 (1908). 

* B&r., 42, 1465, 1476 (1909). 

* lbid. t 34, 957 (1901). 

4 This Journal, 31, 66 (1909). 

4 Cf. Rosanoff, Ibid., 25, 325 (1906). * 
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be represented by ±A. One form will thus have a rotation of A + B 
and the other of — A + B, the sum of which will be 2B and the differ- 
ence 2A. Other aldoses differ from glucose in the configuration of the 
four originally asymmetric carbon atoms. In their a- and forms the 
fifth or end asymmetric carbon atoms are identical with those in the 
two forms of glucose, respectively, 1. e., ±A. Their rotations may then 
be represented by A -f B' and —A 4- B', the sum of which is 2B' and 
the difference 2A. This means that the a- and /2-forms of all aldohexoses 
should have a common difference 2A. The same reasoning may be ap- 
plied to other sugars. The theory was tested on a number of sugars whose 
a- and ,5 forms are known and found to agree fairly well with the facts. 
If the principle proves to have general application it will be of value in 
predicting the rotatory power of forms which have not as yet been isolated 
and will aid in the rational classification of forms as a - or ^-derivatives. 

Two years ago Slator 1 showed that lactic acid which is added to a sugar 
solution undergoing alcoholic fermentation is not affected and can be 
recovered at the end of the fermentation unchanged. He concluded 
therefore that lactic acid cannot be an intermediate product in tljp alco- 
holic fermentation of sugar. Buchner and Meisenheime.r 2 did not ^ac- 
cept his conclusions at the time but recently they have repeated his ex- 
periments, found them correct, and are inclined to accept his conclusions. 8 

Alkaloids and Terpencs. — The constantly growing volume and com- 
plexity of the work on alkaloids and terpenes makes it exceedingly diffi- 
cult for one not specializing in these fields to choose, from among the 
mass of material those results which stand for real advances. 

Leuchs 4 has obtained crystalline acids as the result of the oxidation of 
strychnine and brucine in acetone solution with potassium permanganate. 
The acids from the two alkaloids are very similar and each contains four 
atoms of oxygen more and two atoms of hydrogen less than the alka- 
loid from which it was produced. From this the conclusion seems justi- 
fied that a group HC = CH was changed into two carboxyl groups and 

that a secondary alcohol group was oxidized to a ketone carbonyl. In a 
later paper Leuchs and Schneider 5 describe crystalline sulphonic acids 
of both alkaloids which they prepared by treating their solutions in sul- 
phurous acid with manganese dioxide. The reaction apparently pro- 
ceeds according to the following general equation : 

O 4- HO3SH 4- H.R ** RvSO a H 4- H 2 0, 
and should therefore yield sulphonic acids of any substance RH, in which 
H is fairly easily oxidized away. The study of these new derivatives 
of strychnine and brucine bids fair to aid very materially in throwing 
light upon their constitutions. 6 , 

Wollfenstein 7 has described and patented a new method for the prepara- 
tion of atropine and similar alkaloids from tropine and tropic acid or 

1 Ber.< 40, 123 (1907). 

3 Ibid., 41, 1414 (1908). 

* Chem . Zentr. 1909, II, 730. 

4 Per., 4 x, 17 u (1908). 

6 Ibid., 41, 4393 (1908). 

• Leuchs und Weber, Per., 42, 770 (1909). 

T Per 41, 723, 733 (1908). 



SOME RECENT ADVANCES IN ORGANIC CHEMISTRY. 415 

from tropine and other hydroxy acids as the case may be. Atropine is 
an ester of tropine and tropic acid, and therefore if tropic acid chloride 
could be prepared and would react normally with tropine the preparation 
of atropine would probably be very much more quantitative than by the 
methods at present in vogue. 1 Tropic acid is a-phenyl-/?-hydroxypro- 
pionic acid and here, as in the case of Fischer's work with tyrosine, the 
hydroxyl group led to complications. Wollfenstein therefore prepared 
acetyl tropic acid, from this the acid chloride, and then condensed the 
acid chloride with tropine. The acetyl atropine thus obtained hydrolyzes 
into acetic acid and atropine merely by dissolving in water. 

CH 2 .CH CH 2 

NCH, CH.O.COCHCH 2 OCOCH 3 -I H 2 0 = atropine 4 - acetic acid. 
CH 2 .CH CH 2 c 6 h 5 

Acetyl atropitie. 

Wallach 2 has shown that ordinary terpinene is not a homogeneous 
substance but that it is a mixture of which the main constituent is cer- 
tainly a- terpinene or A ,,s -diliydrocymol (I). Samples of terpinene 
prepared by four different methods, on oxidation all gave an erythrol, 
C 10 H l6 (OIl) 4 , which, on further oxidation yielded a,a' dihvdroxy-a-methyl- 
a'-isopropyladipic acid (II), 


C.CH S C(OH)CH 3 C.(CH 3 ) 



C.CH(CH 8 ) 2 CtOHJCHtCHs), C.CH(CH S ) 2 

1 . II. ill. 

This acid could come only from a-terpinene (I). Besides the above oxi- 
dation products another erythrol was obtained which could not be 
further oxidized to a substituted adipic acid. This proves that another 
hydrocarbon is present with a-terpinene in ordinary terpinene, and Wal- 
lach concludes that this other hydrocarbon must be ^-terpinene (III). 
The reasons for this conclusion are too complex to be given here. 

A long paper in Liebig’s Annalen by Merling and Welde 3 on the syn- 
thesis of violet perfumes is a valuable contribution to that complex field. 
Their object was to determine as far as possible the constitutional con- 
ditions essential for this especial odor. They first proved that only those 
aldehydes of cyclo-citral which contain methyl groups in the positions 
adjacent to the aldehyde group give a compound with the odor of violets 
on "condensation with acetone. This configuration is present in /?-irone, 
the natural oil of violets, which is the condensation product of A 4 -cyclo- 
citral aldehyde (I) with acetone : 


1 Arch. Pharm 240, 498 (1902). 

f Ann., 362, 285 (1908). 

*IM. t 366, 119 (1909)- 
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T. 

They then tested non-cyclic derivatives with the aldehyde group be- 
tween methyl groups as e. g., isopropyl ethyl acetaldehyde, 
C 2 H 5 .CH(CHO) .CH(CH t ) a , 

and found that the acetone condensation product of this, while it had a 
pleasant odor, had no suggestion of violets. The presence of the alde- 
hyde group in a hydroaromatic ring, between methyl groups, seems 
then to be essential for the production of a violet perfume. The remainder 
of their paper is taken up with a description of the methods of prepara- 
tion of the materials for the synthesis of a- and /?-irone which are A,- 
and A 4 -cyclocitral aldehyde condensation products with acAone, re- 
spectively. They conclude that a-irone has no perfume value above that 
of the natural oil of violets, which is /?-irone, and neither have any ad- 
vantage over the ordinary commercial product which is a mixture of 
a- and /?-ionone, the A 2 - and A t derivatives of the same cyclocitral alde- 
hyde condensation product with acetone as the two irones. In passing, 
it may be worth mentioning that the German patents on ionone expired 
in April of 1908. 

Chemistry of Dyestuffs . — Important advances have been made in the 
field of the natural dyestuffs so that the constitution of brazilin, haema- 
toxylin, and their derivatives, may be considered as in the main estab- 
lished. Credit is chieSiy due to W. H. Perkin, Jr., 1 and his co-workers 
for these results, but the work is too complex to permit its being given 
even in outline in this paper. 

Aniline black in its extreme insolubility and great stability has long 
defied attempts to gain an insight into its constitution. Willstatter, 2 
in his characteristically concise manner, has attacked this problem with 
co-workers and has apparently been able to solve it. He has shown 
that the oxidation of aniline to quinone does not take place by way of 
phenylhydroxylamine as an intermediate product, but that aniline black 
is certainly produced as one of the steps. The amount of oxygen neces- 
sary to form aniline black was found to be 1.25 atoms for -every mole- 
cule of aniline and the black thus produced had the composition C 6 H 4 . 5 N. 
The questions remaining to be settled were, how many of these units, 
C ? H 4 . 5 N, are there in the molecule of aniline black, and how are they com- 
bined with each other? The first question was answered by hydrolyzing 
samples of the black with sulphuric acid ivhen exactly one-eighth of the 
total nitrogen was split off as ammonia. Quantitative measurements 
of the amount of qUinone obtained by the oxidation of the aniline black 
answered the second question. A yield of 93-95 per cent, of quinone 
was obtained. The only compound which seems to satisfy these facts 
is that one whose leuco base is the following: 

1 J . Chem. Soc., 93, 489, 1115 (1908). 

1 Willst&tter and Dorogi, Ber. t 42, 2x47, 4x18 (1909). 
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A chain of this type, with continuous para linkings, is the only one which 
could give a quantitative yield of quinone. The terminal amino group 
in such a chain is the only one which would be alTected by hydrolysis, 
and therefore if the compound gives up one-eighth of its nitrogen on hy- 
drolysis the molecule must contain eight amino groups, and therefore 
eight aniline residues in all. The black under discussion would then be 
(C 0 H 4 . 5 N) 8 or ( 48 H 3tt N 8 ), which demands that six hydrogens be oxidized 
away from the above leuco base to form the dye. 



This aniline black is in color blue-black and forms green salts, so it is 
not the valuable aniline black of commerce. To distinguish it from other 
blacks Willstiitter calls it a triquinoid black. By further regulated 
oxidation a tetraquinoid black is produced in which the terminal ben- 
zene ring substituted with the amino group has become quinoid. This 
black, whose salts are also green, gives quinone quantitatively on oxida- 
tion and also yields one-eighth of its nitrogen 011 hydrolysis. By this 
hydrolysis a pure black is produced which does not change color with 
acids and which seems to be identical with the commercial black. This 
product must be represented by the following formula: 

<f^>— — N =<^ — 

O- n =O =n ^O- n =C>0- 

Werner 1 has made use of his theory of inner complex salts in an at- 
tempt to explain the nature of the metallic compounds (lakes) formed 
by mordanting dyes. He assumes the metal in these compounds to be a 
member of a heterocyclic ring, held there by one principal and by one 
secondary valence. The differences in color between the true salts of 
the metals and their lakes are ascribed to the peculiar influence of the 
secondary valence. The great stability of the lakes and the failure of 
the metals in them to respond to the ordinary ionic tests are explained 
on the same basis. The metallic compounds of many simple substances 
were discussed as illustrations of the theory, ase. <7., those of mono-oximes 
of diketones which he supposes to have the constitution 

R — C = 0 v 

I >Me. 

R — C = N — <x 


1 B«r., 41, 1062 (1908). 
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Iyiebermann 1 replies to Werner by claiming that the peculiarities of 
the lakes may all be explained by his old theory of the formation of a 
heterocyclic ring in which the metal is held by two full valences. Com- 
pounds of the type of the above mono-oximes may be explained by assum- 
ing that they react in their hydrated form and produce a metallic com- 
pound with the structure 


R — 



Liebermami ’s view-point has the advantage of employing only the ac- 
cepted theory of valence. 

Great interest has centered in the last few years in the preparation of 
dyes suitable for use in the hydrosulphite vat The majority of these 
dyes are either of the indigo type or derivatives of anthraquinone. The 
valuable properties of thioindigo have greatly stimulated the prepara- 
tion of new dyes of the indigo type. Friedlauder 2 has coined the word 
“indigoid” as a class name for all compounds containing the ctfroqio- 
phoric complex 



in which the ring systems may be either aromatic or aliphatic and in which 
X and Y may be C, N, S or O. A great variety of compounds of this 
type can be prepared, of which the compound obtained by the action of 
isatine chloride on a-naphthol may be cited as an example: . 

C-0 CO 


Naphthalin- indole-indigo. 

The technically important dyes of this class have been mostly deriva- 
tives of thioindigo because the introduction of substituents in the 
indigo molecule does not very materially alter the color. 3 Some halo- 
genated indigos have been put successfully on the market and Fried- 
lander 4 has shown that the “ antique purple” of the classic period was a 
dibromo indigo obtained from a variety of snail Mutex brandaris still 
common in the Mediterranean. Of thioindigo and its halogenated de- 
rivatives there are some fifteen ' different commercial marks for sale, 
which yield shades from red over orange to the blue and bright blue- 
violet. A number of these are unsymmetrical derivatives from hy- 
droxythionaphthene and isatin or their derivatives as e. g. t thioindigo- 
scarlet R, which has the following structure: 

1 Ber. t 4i, 1436 (1908). 

8 Ibid., 41, 772. Monatsh 30, 271 (1908), 

9 Cf. J. Rosenberg, Z. angew. Chemie, 2%, 2129 (* 9 ° 9 )« 

42, 765 (1909). 
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The commercial success of indanthreue and flavanthrene has served to 
stimulate the production of anthraquinone dyes till at present a very 
wide range of colors can be obtained with these products. The chem- 
istry of flavanthrene has been studied by Roland Scholl 1 who, in 1907, 
prepared the compound synthetically, showing it to have the following 
constitution : 


O 


\/\r/\/\ 


N 


*N 


C. 


W " \/\ 


\/\ C /\/ 


o 


In continuing his work Scholl has obtained seven reduction products 
of flavanthrene, finally preparing the oxygen-free base flavanthrine. 2 

Constitution and Color. — The vibratory nature of light makes it seem 
reasonable to conclude that colored substances, w’hich are so by virtue 
of their power to absorb certain frequencies of vibrations, must have some 
sort of vibratory motions within themselves which give to them their 
selective absorptive pow r er. In its ultimate analysis then the cause of 
color is vibration within the molecule. Whether or not we know enough 
of molecular physics to attempt at the present time the statement of 
theories as to the nature of these vibrations is an open question. A 
number of English investigators 3 have stated such theories, basing them 
on the results of their spectroscopic studies. Whether or not these 
theories will be of value to the science, time only will tell. 4 Their ex- 
perimental work has, however, been of inestimable value in drawing at- 
tention to the necessity of applying spectroscopic methods to the study 
of the problem of color. Many of their observations have shown inter- 
esting analogies or have contributed to the settling of structural ques- 
tions. Two examples from recent papers by Baly may be cited: 14,5,8- 
tetrahydronaphthalene has the same type of absorption spectrum as 
p-xy lene, which serves to emphasize the similarity of their’ structures. 5 

1 Ber. /40, 1691 (1907). 

8 Ibid ., 41, 2304, 2534 (1908). 

8 A review of these theories by W. J. Hale is to be found in Pop. Science Monthly, 
73 , u6 (1908). 

4 Cf. Michael, Ann., 363, 45 (1908). 

* /. Cbem. Soc. $ 193, 1902 (1908). * 
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Cinnamylidenemalonic acid and its esters are yellow but its salts are color- 
less. The absorption spectra of all three, acid, ester, and salt are alike, 
thus showing that they are probably all similarly constituted . 1 

Hantzsch 2 has continued to bring forth much evidence in support 
of his theory that two substances differing in color, though they may be 
identical in all other properties, must be different in constitution. 
Hantzsch \s theory is in fact a claim for the sufficiency of our present 
structural hypothesis in explaining color, as far as it can be explained 
in at all tangible terms. To him every change in color must be accom- 
panied by a change in constitution, and such a change in constitution 
as can be expressed in terms of the generally accepted methods of struc- 
ture writing . 8 The extensive debate between Hantzsch and Kaufmann 
during the past year or so has hinged upon this point. Kaufmann 4 
claims that some substances with fixed constitutions will vary their real 
and their fluorescence color under the influence of mild external agents 
such as solvents, etc. There must be some variable in the molecule 
whose changes are casually connected with these variations in color. 
This variable, non-constitutional part he assumes to be “residual affini- 
ties” of the chromophore and the auxochrome groups. The state ofjthese 
residual affinities, whether in combination with neighboring carbon 
atoms, with each other, or with molecules of the solvent determines the 
color of the substance. In terms of this theory all changes of .color or of 
fluorescence can be readily explained, naturally enough, because Tesid- 
ual affinities are of such elastic, undefined form that they can readily 
be molded to suit every demand made upon them. They and their 
near relatives, partial valences and secondary valences, are in fact the 
ghosts of modern chemistry. They walk among us constantly so that 
we all feel their presence, but 110 one has as yet been able to define their 
shapes or their sizes or to lay a hand upon them. 

Hantzsch’s theory, although it fails to explain much, certainly has the 
advantage of being tangible and of offering many opportunities for the 
application of experimental tests. A few examples from his work will 
suffice for illustration. Helianthin in its solid form is violet, in its 
solutions it is orange, and its sodium salt both in the solid form and solu- 
tion is orange . 8 The absoiption spectra of its orange solutions both as 
free acid and as salt are identical with similar derivatives whose azo 
character is not questioned. He concludes, therefore, that the orange 
forms are all azoid and that the violet form is quinoid as given in the 
following structures: 

Violet, Orange. 

C,H 4 .SO, C 8 H 4 SO s Na (or H) 

NH I N 



C*H 4 :N(CH,), C,H 4 .N(CH»), 

Quinoid. Azoid. 

l J. Chetn. Soc 98 , 1808 (1908). 

*Ber., 4 t, 1171, 1189, 1204, 1216, (1908); 42 , 889, 966, 986, 1000, 1007 (1909). 

* In h*$ last papers Hantzsch describes certain color changes which he claims are 
apt accompanied by actual structural variations. Attempting to explain thege facts he 
also falls back on secondary valences, whose variations he supposes to cause these 
xaore subtle color changes. Ber. 42, 985 (1909). 

.. *0*1,4*, 4396, 441&1908). 
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In another paper Ke describes a large number of salts of oximino ke- 
tones, R — CO — CNOH — R, with colorless cations. 1 These salts exist 
in the greatest variety of colors and mixed shades and he concludes that 
every salt with a distinctive color must be constitutionally different 
from salts of other colors and from the colorless form. In the work 
there is, however, a notable lack of distinctive proof, by reaction or by 
synthesis, which would positively connect a constitution with a color. 
The above assumption, for example, that the violet form of helianthin 
is a quinoid derivative is at best only very probable and it is devoid of 
actual experimental proof, other than the optical examination of similar 
derivatives with similar colors. 

Gomberg 2 has been able to furnish definite experimental evidence 
that certain changes from colorless to colored forms in the triphenyl- 
methane series are accompanied by a simultaneous transformation from 
benzoid to quinoid configurations. />-Tribroniotriphenylcarbinol chlo- 
ride, a colorless solid, dissolves in the ordinary organic .solvents to a color- 
less solution but its solution in liquid sulphur dioxide is orange-red. 
When any of its colorless solutions in organic solvents are evaporated 
to dryness the original colorless carbinol chloride is recovered unchanged. 
If, however, the colored solution in liquid sulphur dioxide is evaporated 
to dryness the result is entirely different. A colorless solid is obtained 
which is mostly ^-/j'-dibromo-^'-chlorotriphenylcarbinol bromide. This 
means that the carbinol chlorine has exchanged places with one of the 
nucleus bromine atoms. The mechanism of the transformation will be 
clear if the following equation is examined: 

(BrC fl H 4 U S 0 2 (BrC 6 HJ r v (BrCpH.U 

y \ /C — Cl — ► Br /==. >C -> y v > s CBr 

B <_y a >c=x <_y 

Solid-colorless. In solution orange-red. Solid colorless. 

As this exchange of nucleus and carbinol halogen only takes place 
in colored solutions of the carbinol chlorides, and the exchange can be 
explained only by assuming the formation of a quinoid derivative, the 
latter state seems certainly to be connected with color as cause and ef- 
fect. To conclude that because the quinone structure and color are re- 
lated in the triphenylmethane series every quinone derivative must 
always be colored would, however, be stretching the theory further than 
the facts at present known warrant, A case recently observed by Schmidt 
and Mezger 8 illustrates this point. 2,7-dibroniophenanthraquinone and 
its dioxime are both colored, but the oxime anhydride which still has the 
quinone configuration unchanged is colorless: 

BrC p H 8 .C:NOH 

BrC e H a .C:NOH 
* Ocher-yellow. 

Tautomerism . — Michael 4 has discussed the phenomena of tautomer- 
ism and has concluded that two distinct types of reactions are ordinarily 

* Btr., 42, 9 66 (1909). 

* Ibid., 4* t 406 (1909). 

* Ibid., 40^4560 (1907). 

4 Ann., $63, so (1908). * 


BrC e Hj.C:N' 


BrC,H s .i:N/ a 


Colorless. 
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classed under this one head. These two classes he* distinguishes as (i) 
desmotropism which is the reversible change of one form into another 
by the shifting of a hydrogen atom within the molecule and (2) mero- 
tropism, which is the irreversible change of one substance into the de- 
rivative of another under the influence of an active chemical agent. 
Both reactions are resultants of two factors, the free energy in the mole- 
cule, which naturally tends toward a minimum, and the chemical affini- 
ties of the specific groups undergoing change. These ideas Michael has 
illustrated on numerous examples. With various co-laborers 1 he then 
investigated several reagents to determine their value as diagnostic agents 
for stable keto or enol forms. Acetic anhydride, acetyl chloride and 
phenylisocyanate he found to give unreliable results, but tertiary amines, 
especially triethyl- and tripropylamine he found gave very consistent 
results. Tertiary amines unite with enols to form ammonium salts but 
do not form additive compounds with keto derivatives. The tertiary 
amines have little power to change keto derivatives over into enols so that 
only with desmotropes are the results of such a character that they re- 
quire care in interpretation. A stable keto merotrope will not react 
with tertiary amines, but a stable enol merotrope will form affimonium 
salts with considerable evolution of heat, which ammonium salts will 
yield the free enol again on treatment with acid. A keto desmotrope 
may be changed over into the enol form, or vice vena, un<Jer the ^influence 
of tertiary amines, according to the stability relations of the two forms. 
From results with this tertiary amine reaction Michael and Smith classify 
a number of compounds as stable keto derivatives which have ordinarily 
been considered to be mixtures of the two forms in equilibrium with each 
other, e . g diacetylmethane and acetoacetic ester. This conclusion is 
not in harmony with the results of numerous physico-chemical investiga 
tions, but Michael and Smith point out that these physico-chemical re- 
sults do not harmonize among themselves and are therefore never to be 
accepted when they contradict chemical evidence. It is interesting to 
note in this connection that Auwers 2 has called attention to the fact 
that physico-chemical methods have been of much less value in clearing 
up the constitution of the hydroxyazo compounds than have the purely 
chemical methods. 

Mannich and Hancu 3 have shown that cyclic ketones, and Hancu 4 
has shown that symmetrical aliphatic ketones are tautomeric substances 
(merotropes according to Michael), in that they yield more or less of the 
acetyl derivatives of their enol forms on long heating to high tempera- 
tures with acetic anhydride. On saponification the acetyl derivatives 
yield only the original ketones. 

Gabriel 6 has shown that where two substituted imidazoles of the form 

(Y) XC— N 

II 

(X) YC— N 

H 

1 Michael and Smith, Ann., 363, 36, Michael and Cobb, p. 64, Michael and Murphy, 
pi ; 94 (1908). 

* Ann., 360, n (1907). 

9 Ber., 41, 564 (1908). 

4 Ibid., 42, 1052 (1909). 

1 Ibid., 41 , 1926 (1908). 
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would be expected only one can be obtained by synthesis. He there- 
fore concludes that this is a case of “virtual tautomerism,” where the 
imide hydrogen atom is in equilibrium between the two nitrogens. 

Catalysis . — The mechanism of the catalysis of various organic reac- 
tions by acids and bases has been the subject of a number of investiga- 
tions. Stieglitz 1 and Acree 2 have both obtained experimental evidence 
in favor of the theory that the catalyzer forms salts w r ith some substance 
in the reaction undergoing catalysis. Stieglitz investigated the hy- 
drolysis of imino esters and concluded that the rate of hydrolysis of the 
esters in acid solution is proportional to the concentration of the cation 
formed by the ester with the acid, and in alkaline solution is proportional 
to the concentration of the anion formed by the ester with the base. 
Acree studied the formation of acetooxime from acetone and hydroxyl- 
amine and concluded that the catalysis of this reaction by acids and bases 
depends in both cases upon salt formation with the hydroxylamine. 
Both investigators agree that the definition of catalysis, as accepted a 
few years ago, covers only certain ideal cases. Further study is needed 
before a satisfactory new definition can be formulated. The majority 
of chemists will probably agree with Stieglitz, Acree and others, 
that catalyzers exert their influence through the formation of intermediate 
unstable compounds which probably are salts. Since the work of Collie, 
Werner, Baeyer, and a host of others on the oxonium theory, the idea 
that these intermediate compounds are in most cases oxonium salts has 
steadily gained ground. That they may be carbonium salts has been 
suggested by Stieglitz , 3 but he concludes that at present the preference 
must be given to the oxonium form. The author of this review be- 
lieves, however, that in the end evidence will be found to indicate that 
these compounds, if salts at all, are really carbonium salts. He bases 
this view on two things: first, the position of carbon in the 
periodic system, which would indicate a base-forming power greater 
than that of either nitrogen or oxygen, and second, on the 
generally unsatisfactory nature of the evidence in favor of the oxonium 
theory. 

Rosanoff and Prager , 4 and Michael , 5 have simultaneously called at- 
tention to the fact that hydrochloric acid, which has always been as- 
sumed to be, with a few exceptions, a favorable catalyzer for esterifica- 
tions, is in a good many cases a negative catalyzer. Michael uses this 
fact as an argument in support of the theory discussed above, that the 
catalytic influence of hydrochloric acid upon esterification is due to an 
intermediate salt formed with the alcohol. Hydrochloric acid will then 
increase or diminish the rate of esterification according as the acid being 
esterified reacts more readily with this hydrochloric acid-alcohol com- 
plex or with the free alcohol. The chemical nature 6 of the acid under- 
going esterification will thus determine whether hydrochloric acid will 

1 Am . Chem. /., 39, 29, 166 (1908). 

5 Ibid ., 39, $00 (1908). 

* Ibid. t 39, 48 (1908). 

4 This Journal, 30, 1895 (1909). 

8 Ber. t 4*f 3*0, 317 (1909)* 

• Of. Stewart, “Stereochemistry, ” p. 321. 
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act as a positive or a negative catalyzer. To determine the real rates of 
esterification of acids the reaction must be studied in the absence of all 
catalyzers. V. Meyer based his rule in regard to the esterification of 
di-o-substituted aromatic acids upon results obtained in the presence of 
hydrochloric acid. Hydrochloric acid acts toward the esterification of 
these acids as a negative catalyzer, but by heating them with alcohols 
alone they can be readily esterified. V. Meyer 1 was always very care- 
ful to state that his law held only for esterification in the presence of 
hydrochloric acid, therefore these new facts serve more to broaden his 
law than to contradict it. Rosanoff and Prager suggest the following 
wording so as to make the law general: ‘'Aromatic acids, in which one or 
both of the positions ortho to the carboxyl group are occupied by sub- 
stituents, unite with alcohols slower but not less completely than acids 
otherwise constituted.” 

Willstatter and Mayer 2 have revived a method, already patented and 
known in the chemical literature, for the reduction of unsaturated com- 
pounds with hydrogen at ordinary temperature in the presence of finely 
divided platinum. From phytol they thus prepared dihydrophytol, 
oleic acid ester gave stearic acid ester and benzoic acid gave some hexa* 
hydrobenzoic acid. Paal 8 has obtained the same results by the use 
of colloidal palladium. 

The use of finely divided nickel oxide for the catalytic reduction of 
volatile organic substances at high temperatures has become general. 
Ipat'ev 4 has made several interesting observations on the finer details 
of this process. Nickel oxide, in an atmosphere of hydrogen, is reduced 
to metallic nickel at 200°, but when benzene is being reduced to hexa- 
hydrobenzene the nickel oxide is heated considerably higher without ap- 
preciable production of metallic nickel. If the nickel oxide is heated 
over the blast before using, its efficiency as a catalyzer is very considera- 
bly impaired. By analysis Ipat’ev showed that the unignited nickel 
oxide held a few per cent, of water and he attributes its better catalytic 
effect to this moisture. Senderens 5 has shown that silica and aluminium 
oxide have very peculiar effects upon the decomposition of alcohol and 
various organic acids at high temperatures. According to the previous 
history of the silica or the aluminium oxide employed as catalyzer, and 
the temperature at which the reaction is carried out, alcohol will produce 
a gas Which is pure ethylene, or a mixture of ethylene and hydrogen, 
or practically all hydrogen. Acetic acid decomposes at 350 0 in the pres- 
ence of aluminium oxide into acetone and carbon dioxide. 8 Ethyl ether 
breaks up at 300° into ethylene and water. If alcohol is passed over 
aluminium oxide below 300 0 at, e. g ., 240-260°, a good yield of ether is 
obtained with only slight quantities of ethylene. 7 Sabatier and Mailhe 8 
have shown that a mixture of alcohol and ammonia passed over thorium 

1 Of. Ber., 41, 4695 (1908). 

* Ibid., 41, 1475 (1908). 

* Paal und Jerutn, Ibid., 41, 2273 (1908). 

4 Russ. Pkys. Ch#m. Soc ., 40, 1 (1908). 

* Compt. p nd., 146, 125 (1908). 

1 Ibid., X j&, 1211 (1908). 

7 Ibid*, 14& 227 (1909). 

. 1 Ibid., xjf, 898 (1909). * 
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oxide at 360° will form primary ethylamine with some secondary amine 
and traces of the tertiary amine. 

Stereochemistry . — The theory of Guye, that optical activity is a func- 
tion of the differences between the weights of the groups about the asym- 
metric carbon atom, has been again brought into discussion. Recent 
writers 1 on stereochemistry agree that the theory is entirely insufficient, 
but because it is the only general theory of the relation between consti- 
tution and optical activity it still continues to suggest experimental 
work. Fischer and Flautau, 2 on the suggestion of van’t Hoff, prepared 
propyl isopropyl cyanacetic acid and resolved it into its constituents. 
The theory of Guy requires that these constituents should be optically 
non-active, as the propyl and isopropyl group are identical in weight, 
but they were found to have an activity of ±11.4. Everat and Jones, 8 
and Jones and Hill, 4 have examined a number of optically active ammo- 
nium derivatives and concluded that the constitutions of the groups about 
the asymmetric nitrogen have more influence than their weights. Bose 
and Willers 5 examined 42 optically active substances with seventeen 
different groups and conclude from their results that the theory of Guye 
is entirely at variance with the facts. Bose 6 suggests a modified form 
of Guve’s equation for the asymmetry product in which no assumption 
is made as to the nature of the constants which represent the activity 
produced by each group about the asymmetric carbon atom. He then 
shows how such a modified expression suggests experimental tests which 
will cither disprove or will furnish strong evidence in favor of the cor- 
rectness of Guye’s fundamental idea in regard to the asymmetry product. 
For the mathematical details of Bose’s reasoning the original articles 
must be consulted. 

Meisenheimer 7 has been able to prepare an optically active ammonium 
derivative where two of the live valences of the nitrogen are attached 
either to oxygen or to two hydroxyl groups: 


C 6 H 5 \ 

C*H 6 — N ~~ O 


C « Hs \ ,OH 
or C 2 H 6 — N< 


CH/ CH/ 0H 

Ethyl-methyl aniline oxide is optically active in aqueous solution as 
the free base, or in the form of its salts. As an explanation of this ac- 
tivity he assumes that four valences of the nitrogen atom are directed to 
the four corners of a tetrahedron and the fifth remains without fixed 
direction.* The space arrangement then becomes similar to that about 
the asymmetric carbon atom. The two hydroxyls are not alike if the 
molecule is thus constructed, as one is fixed in position and the other is 
free to wander, so that the case under consideration would then really 
belong to the class of optically active ammonium derivatives having five 
unlike radicles. That the two hydroxyls of the hydrate form in its 

1 Stewart, “Stereochemistry”, p. 101; Werner, “Stereochemie”, p. 133. 

• Ber.,'42, 2981 (1909). 

• /. Chem. Soc 93, 1789 (1908). 

*IUd. t 93t *95 

• Z . phystk. Chem., 65, 702 (1909). 

• Phystk. Z 9, 860 (1908); Z. physik. Chem., 65, 695 (1909). 

• Ber., 41, 3966 (1908). 
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unionized state are really unlike seems very improbable to the writer of 
this review. 

* The phenomenon of auto-racemization so characteristic of the optically 
active ammonium salts has been investigated by K. Wedekind and his 
co-workers. 1 They have shown that when the active halogen salts are 
dissolved in chloroform the iodides racemize the most rapidly, the bro- 
mides next, and the chlorides are the most stable. This auto-racemiza- 
tion they proved to be due to the splitting of the ammonium salt into 
an alkyl halide and a tertiary amine, both of which are non-active. 

Stieglitz and HilperD have isolated two forms of the chloroimido esters 
of several nitrobenzoic acids. These forms differ distinctly in physical 
properties, yet all of their reactions indicate that they are structurally 
identical. They must, therefore, be stereoisomers, probably geometrical 
isomers, of which one is the syn- and the other the anti-form: 
NO 2 C 0 H 4 C — OCH 3 N0 2 C«H 4 C — OCH 3 

(I II 

Cl — N N — Cl 

This is the first example of geometrical isomerism among derivatives 
where the nitrogen is attached on one side to a single element. * 

The limited space allotted for this review makes it impossible to even 
mention a great many of the valuable results obtained in organic chem- 
istry during the past eighteen months. In view of the recent paper 
in This Journal by W. A. Noves 3 on “Molecular Rearrangements' 1 
that subject, which is at present receiving as much attention as any one 
field of organic chemistry, has not been discussed. Discussions of the 
special applications of general reactions, as Orignard’s, and Friedel and 
Crafts’ reactions, have been omitted, as well as descriptions of the syn- 
thesis of a vast number of new compounds belonging to already well-es- 
tablished classes. 

Univjirsity of Michigan, Ann Arbor. 
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EinfUhrung in die allgememe und anorganische Chemie auf elementare Grundl&ge. 
von Dr. Alexander Smith, unter Mituirkung des Verfassers iibersetzt und 
bearbeitet von Dr. Ernst Stern, Assistent am Konigl. Material-priifungsatnl zu 
Gross Licht erf elde- West. Mit einem Vornort von Dr. Fritz Haber, ord. Professor 
an der Teclmischen Hochschule zu Karlsruhe. G Braun, Karlsruhe, i. B , 1909, 
pp. 677. Price, M. 9. 

American chemists who owe so much of their advanced training to 
the German universities cannot fail to note with satisfaction that in re- 
forming their methods of elementary chemical instruction the Germans 
are taking the American curriculum as a model. The German translation 
of Alexander Smith’s laboratory manual which appeared some years 
ago has been widely adopted, and this excellent translation of the author's 

1 E. and O. Wedekind, Dei., 41, 1029 (1908); E. Wedekind and Paschke, Ibid., 4 x, 
2639 ( x 9°8). 

Am. Chem , 40, 36, 150 (190S). 

y * This Journal, 31, 1368 (1909). 
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larger work may be expected to achieve an equal success. While the 
treatment of experimental material has remained unaltered, the theoretical 
portions of the book have been thoroughly revised by the translator witfc 
the cooperation of the author. The book is well introduced to German 
readers in a preface written by the broadest and surest of German teachers 
and investigators in chemistry. 

In this preface Professor Ilaber points out the three standpoints from 
which one may view the great domain of chemical science. The first is 
based on the comparison of the elements by means of the periodic system, 
the second on the qualitative representation of substances and reactions 
through structure formulas, and the third on a quantitative treatment 
of chemical phenomena according to the fundamental physico-chemical 
principles. A student who becomes equally familiar with these three meth- 
ods possesses an immense advantage, comparable with that given by a mas- 
tery of several languages acquired in youth. While the use of a single 
viewpoint in the teaching of elenientarv chemistry may be attract! veto both 
teacher and student, yet the more enthusiastically and emphatically the 
teacher develops this single system, the more difficult the student finds 
it, when occasion arises, to adopt another point of view. As a result 
we have physical chemists without the structure-chemical instinct, or 
organic chemists who lack physico-chemical insight. So misunderstand- 
ings arise, and each group seeing only the importance of its own problems 
forgets that after all there is but one Chemistry, in which the different 
methods are equally justifiable because equally fruitful. Professor 
Haber especially commends the book under review for its impartial and 
thorough treatment of all the general methods of chemistry. 

Gilbert N. Lewis. 

General Chemistry for Colleges. By Alexander Smith, Professor of Chemistry and 
Director of General and Physical Chemistry in the University of Chicago. New 
York: The Century Co., 51 1 pp. Price, $2 15. 

The method of treatment employed by the author in his “Introduction 
toGeneralInorganicChemistry ,, has proved so satisfactory to large numbers 
of teachers throughout the country that this shorter course in which a 
similar method and arrangement are employed cannot fail to find a wide 
field of usefulness. The theoretical chapters differ materially from those 
of the larger work, and some of the descriptive matter contained in the 
latter has been omitted. There can be no doubt that the larger text-books 
of inorganic chemistry which are in common use contain much more 
information than can be readily assimilated by the average student in 
his first year of chemical study. It may be questioned whether this is 
not still true of the^shorter course contained in this book. 

Gilbert N. Lewis, 
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Introduction. 

The heats of solutions of metals in acids are among the most essential 
and fundamental of thermochemical data The heats of formation of 
all the metallic compounds depend upon them, because through them 
the heat values are referred back to the element. Hence it is highly 
important for exactness in thermochemistry that these values be deter- 
mined with great precision. 

As a matter of fact, in the past certain difficulties have interfered 
with the perfection of the measurements. First and foremost among 
these is the fact that the solution of a metal requires much time, 
and therefore the always somewhat uncertain correction for cooling in 
the usual method becomes a serious fraction of the whole rise of tempera- 
ture. In'the second place, the method generally used, namely, the plung- 
ing of a weighed sheet of metal into acid, and then withdrawing it, check- 
ing the reaction as soon as possible, and determining the amount dissolved 
by loss in weight, is open to serious criticism. It is impossible that the 
t WlMtawai should be so quick as to introduce no error in the insults. 
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The new method of adiabatic calorimetry, recently used at Harvard, 
seems to be especially suitable for such cases as this, and accordingly, 
the present investigation concerns itself with the application of this 
method to the solution of metals in acids This method of calorimetry 
avoids wholly the cooling correction by surrounding the calorimeter 
with a jacket, having always precisely the same temperature as the 
calorimeter itself. The jacket contains an alkali, and as the reaction 
progresses within the calorimeter, enough acid is added, drop by drop, 
to this alkali to change its temperature at exactly the same rate as that 
of the calorimeter proper. 

This method overcomes entirely the first fault which exerted an espe- 
cially detrimental effect upon the early determinations of the heat of 
solution of metals — this fault being, namely, the large cooling correc- 
tion, because of the slowness of the process The second difficulty was 
overcome by another device Instead of dissolving only a part of a large 
metal sheet or net, we placed the metal in a finely divided condition 
in a basket, and the reaction was allowed to continue until all which had 
been placed in the basket was completely dissolved. The # calorimetric 
method allows plenty of time — a slow reaction is as well measured as a 
quick one. Hence this procedure involves no difficulty, but affords a 
satisfactory method of overcoming the faults in the doubtful mode of 
operation previously adopted. 

In carrying out experiments by this method, it was found that as the 
effectiveness increased, another error which also must have affected pre- 
vious determinations was uncovered In reactions of this kind the solu- 
tion is not always mixed very thoroughly during the progress of the reac- 
tion, and the thermometer does not always fairly represent the average 
temperature, unless the stirrer is very active. Hence, according to the 
old method, the cooling correction is not properly calculated, and ac- 
cording to the new method the jacket is not maintained at the right 
temperature. In either case inaccurate final results will be obtained. 
Obviously, a correct result is to be hoped for only when the stirring is 
so active that the temperature is nearly the same throughout the calorim- 
eter, Our experience leads us to believe that early work of this kind 
did not maintain sufficient equality of temperature. That exceedingly 
concordant results may be obtained if these precautions am all heeded 
is shown by the results to be given later. 

In brief, this paper presents an account of the highly successful applica- 
tion of the new method of adiabatic calorimetry to one of the most im- 
portant series among thermochemical data, 

Our thanks are due to the Carnegie Institution of Washington, which 
has granted us generous pecuniary assistance in the prosecution of ths* 
work. „ t 
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Discussion of Earlier Work, 

Apparently Thomsen 1 alone, among earlier thermochemists, has 
measured the heats of solution of most of the metals in acids. We owe 
much to this eminent investigator, but it is not surprising that his pioneer 
work, carried out at a time when chemistry was a far less precisely quan- 
titative science than at present, should not have attained a degree of 
accuracy which is now attainable. A brief description of his method 
is not out of place. The calorimeter which he used consisted of three 
concentric cylindrical cans which were insulated from one another by 
means of air spaces The inner of these cans constituted the calorimeter 
proper and was made of platinum. The stirrer was a single ring which 
was moved verticallv up and down by mechanical means; since it will 
be shown in the present work that two such rings vibrating in a similar 
fashion did not effect thorough mixing, it is quite evident that the stirring 
which he employed was entirely inadequate The thermometer, which 
had been carefully standardized, was graduated to tenths and could be 
read b\ means of a telescope to 5 one thousandths of one degree — a 
degree of precision much below the modem standard A single cover 
on the outside cylinder shielded the apparatus from above and through 
it the stiirer and thermometer passed The metal was introduced in a 
sheet or coil of netting, and was withdrawn, washed and dried after a 
suitable time Ilis results are therefore open to the two mam objec- 
tions, which were emphasized in the introduction, namely, a large cool- 
ing correction and an inaccurate method of introducing the metal. Be- 
sides these, other sources of error, which must be eliminated from accu- 
rate work, were overlooked by him When fine bubbles of gas escape 
from a solution, they carry away with them small particles of the liquid, 
and, although the quantity of liquid so carried away is small, yet it is 
by no means negligible Moreover, his metals were not very pure, be- 
ing the best he could obtain commercially. The amounts of impurities 
were determined by analysis, and corrections were applied, entirely 
ignoring any possible heat effects due to alloying of the metals. The 
acids mainly used by Thomsen were of two concentrations — HC 1 . 25II/) 
and HCI.50H/). From the results obtained with these acids he calcu- 
lated the values for acid of the concentration HC1,2ooH 2 0. To do this 
he determined the heat of dilution of the acid from the initial to the final 
concentration and subtracted the result from the heat of solution of the 
metal, assuming that the solution of the salt in excess of acid is the same 
(thetmochemically) as its solution in the same quantity of pure water — 

1 Thomsen, Thermochemiscke Untersuchungen, Vol. III, page 217. Hess and 
Favre and Silbermann determined the heats of solution of zinc in hydrochloric and 
fujphurie apsds. Their results have been discussed by Thomsen (Thermochem. U. $ 

jw*. m, u * 
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an assumption which is plainly hazardous and will be shown later to be 
incorrect. 

A study of one of Thomsen’s actual experiments will make dear the 
error into which he fell as well as indicate the correct method for making 
this calculation One of the experiments on zinc, in which he dissolved 
6 82 grams of zinc in 1248 7 grams of acid of the concentration HC 1 . 
5 oH 2 0 , may be selected 1 The actual conditions of his experiments are 
accordingly represented by the equation 
o ro4Zn 4 - 1 332 (HC 1 5oH 2 0) «- 

o io4H 2 4 - o i04ZnCl 3 + 1 125RCI 66 6 H 2 0 + 3605 Cal., 


or multiplying by 9 61, 

Zn+ia 8o(HCl 5oH 2 0)«H 2 4-ZnCl 2 (io 8 oHC1)64oH 2 0 + 34,620 Cal. (1) 
He then determined the heat of dilution of the acid HC 1 . 5 oH 2 0 to HC 1 , 
200 H 2 0 

2(HC1 5 oH 2 0) 4 - 3ooH 2 0 - 2 (HCl2ooH/)) + 420 Cal. 3 0 ( 2 )^ 
Now by subtracting equation (2) from (1) he daimed to obtain: 


Zn + 2(HC1 2ooH 2 0) =» ZnCl 2 40oH 2 0 4- H 2 + 34,200 Cal. (3) 
Evidently this result (equation 3) can only be obtained by a set of reac- 
tions similar to the following: 

Zn + 12 8o(HCl 5oH 2 0) *■ H 2 4 * ZnCl 2 (io 8oHCl)64oH 2 0 4 - x\ 

12 8o(IICl soll 2 0 ) 4 * 1920HX) ^12 8o(HCl 2ooH s O) 4- y, 
ZnCl 2 (io 8oHC1)64oH>0 4 - 1920 H a O — ZnCl 2 10 80HCI 2560H/) 4- z; 
ZnCl 2 4OoH 2 0 4 * 10 8o(HCl 2ooH 2 0) « ZnCl 2 10 80HCI 256oH 2 0 4 - q; 

Zn 4 - 2(HC1 20oH z O) « ZnCl 2 40oH 2 0 4 - li 2 4 - x- — y 4- 2 — q . 

That is to say, all the acid corresponding to a gram atom of zinc must 
be diluted, instead of only 2 moles Moreover, the resulting solution 
of the salt in the excess of acid must be diluted an equivalent amount, 
and the further change of internal energy, brought about by mixing 
the pure dilute salt solution (in this case ZnCl 2 40oH 2 0) with the proper 
quantity of acid of equivalent concentration must be determined. It 
is amazing that no one has ever discovered these errors of logic before. 
In working out these equations, no account has been taken of the tem- 
perature at which the last ttnte reactions should be performed, whether 
at the initial temperature or fin^l temperature of the experiments for 
gguation (1). This is a matter of considerable importance and will be 
aply discussed later 

%^ving thus shown the chief causes of inaccuracy in Thomsen's work — 
which apply with even greater force to earlier experimenters—we may 
turn to the present series of experiments, and review the various pre* 


IW 
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* Thenmchetnxsche UnUrsuchmgin, VoL III, page 272. The mean value 344004* 
c. the heat of vaporization of the water with Which the hydrogen m$ «atui*t©4; 
3 Vol in, page 34^* 
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cautions yielding better results. "First the preparation of the materials 
will be discussed, then the calorimetric apparatus, and finally the de- 
tails of manipulation and the results. 

Materials. 

The significance of work of this kind depends greatly on the purity of 
the materials employed. There is, of course, no object in determining 
accurately the heat of solution of a substance containing unknown im- 
purities in appreciable amount 

The materials used in this work were most of them of a high order of 
purity Where very pure substances were unattainable, the impuri- 
ties were determined and due allowance for them was made. 

Hydrochloric Acid — Three concentrations of hydrochloric acid were 
used, namely, HC1 8 8o8H z O, HC1 20 oll 2 0, and HCI.199 8H 2 0. Chem- 
ically pure acid was diluted to these concentrations and the exact values 
were verified by gravimetric analyses in which the chlorine was precipi- 
tated with silver nitrate. 

Zinc — Two preparations of zinc were employed in the research. The 
first sample consisted of fine crystals obtained by electrolysis from an 
ammoniacal zinc sulphate solution A solution containing zinc sul- 
phate had been^previously oxidized with chlorine water and the iron 
precipitated b}^ digestion with freshlv made zinc hydroxide. This pro- 
cess was repeated until the precipitate no longer became colored on 
standing. Zinc sulphate was crystallized from the filtered solution and 
subsequently recrystallized three times from pure watei. The pure salt 
was dissolved in distilled water, ammonia was distilled into it until the 
precipitated hydroxide had completely dissolved, and the solution elec- 
trolyzed between platinum electrodes under a high current density. 
In this way very finely divided crystals were obtained, which offered 
later a large surface to the action of the acid. The metal was removed 
from the solution by means of a glass instrument resembling a rake, 
and was preserved under a dilute solution of ammonia. It was washed 
with dilute ammonia until all zinc salts adhering to it were removed, 
and immediately afterwards was speedily washed with pure water. As 
quickly as possible the water was replaced by three washings with alco- 
hol, and this treatment was followed by three more washings with ether. 1 
The metal was dried by being placed in a vacuum desiccator containing 
sulphuric add. 

The surface of the zinc obtained in this fashion, although it appeared 
very bright, was covered with a very thin film of oxide. This covering 
was only perceptible from the fact that when thrown upon dry mercury, 
the metal amalgamated very Slowly or not at all; indeed, it could be 
** ateohpt was purified by being twice distilled from quicklime. .The ether 
Wdbmrisrfbtx standing f<* several days over calcium chloride. * 
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stirred into the mercury without amalgamating. If, however, the mer- 
cury was covered with a dilute solution of ammonia and the zinc thrown 
upon it, amalgamation proceeded with great rapidity. This fact was 
utilized to determine the amount of oxide present, A weighed quantity 
of zinc was amalgamated under a dilute solution of ammonium hydrox- 
ide, which was then poured off, neutralized and titrated with a standard 
potassium ferrocyanide solution. The solution must have contained all 
the oxide, as the surface of the mercury was perfectly bright. The re- 
sults show that only a very small part of the metal had been oxidized. 

* Determination op Zinc not Amalgamated. 

Vol of Equivalent of Wt of tine 

K 4 Fe(CN) 0 aoln zinc oxide oxidized in 

Wt zinc cc Gram 7 5 grams 

1 . . . . 15 o 14 o 0006 o 0025 

2 . • ... I 5 O 12 0.0005 0.0020 

That is to say, the oxide cannot exceed o 037 per cent, of the weight 
taken, hence even if the oxide were insoluble in acid, the error from this 
source could not exceed this amount Probably the observed quantity 
is unduly exaggerated by the solution of some metallic zihe in ammonia, 
during the act of amalgamation, when electrolytic effects would^occur. 
Therefore o 03 per cent, is a safe estimate of the combined zinc present 
in the metal. But a part even of this was probably present as ammo- 
niacal sulphate in .solution and not as oxide When a metal is deposited 
from a solution, as the zinc crystals had been, it encloses minute drops 
of the mother liquor, just as do also crystals of most if not all salts; 1 
and the quantity of included solution is greater the faster the metal is 
deposited. The quantity of enclosed mother liquor was determined 
in the present instance by fusing the metal in a current of dry nitrogen * 
and absorbing the water with phosphorus pentoxide. Blank experi- 
ments, in which dry air was passed through the apparatus for a long 
time, served to eliminate any constant errors of experimentation. 

Volatile Material Enclosed by Crystallized Zinc. 

Weight Weight gained by * Weight of volatile 


of zinc pentoxide tube* Blank;. matter from alec. 

1 . * . 3-00 0.00105 0.0001 0.00095 

2 3-00 O OOII 0.0001 0.00X0 

3 300 o 0010 o ooox 0.0009 


Mean, 0.00095 

. Singe the solution used for electrolysis contained about 20 per cent, 
of zin| sulphate, the total weight of enclosed mother liquor in 3.0 grams 
of zine.yras o 0012 gram, or o 04 per cent, of the original weight of metaL 
This small amount of enclosed mother liqtsor must have contained about 

* See Richards, Z. phynk. Ckem., 46, 189 (1903); also Hulett and DeLury, THIS 

JanmAn, 30, t&u, 
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o. i milligram of zinc, which must have appeared along with the oxi- 
dized portion in the amalgamation experiments, and should be subtracted 
from the quantity there discovered. Otherwise the metal was very pure; 
a careful qualitative analysis failed to show the presence of any other 
metal. 

The sum total of impurity found in the zinc is thus not over o 07 per 
cent., but to apply this correction in full would overstep the mark. 

Both zinc oxide and hydroxide, as well as the ammoniacal mother 
liquor, give out heat when dissolved in acid. The two former yield 
about two-fifths as much heat as metallic zinc would, and the mother 
liquor was found to yield about one twelfth as much Hence, considered 
from a thermochemical point of view, the zinc must have acted as if it 
contained only about o 055 pei cent of impurity, a correction which is 
applied in the following pages. 

The second sample was Merck’s puie zinc (“reagent”) in granulated 
form, which had been pounded into thin sheets on an anvil. Both the 
hammer and the anvil were carefully cleaned before being used, and 
the pieces were polished by shaking with sand and alcohol afterwards. 
This zinc was very pure and contained, as far as careful testing could 
show, only a very slight trace of iron, which may have been introduced 
during the process of pounding No attempt was made to determine 
the amount of iron present, since scarcely a weighable amount of ferric 
hydroxide was precipitated from seven grams of zinc. No other im- 
purities were found, so that no correction for impurities was made with 
this material.. 

Aluminium . — The aluminium used for this work was in the form of 
*a thin foil — the purest that could be obtained on the market. It con- 
tained -negligible traces of iron and sodium and a small quantity of sili- 
con, which was carefully estimated. 

The determination of silicon in a metal of this type is by no means an 
easy matter. Some of the contaminating element is present in an uncom- 
bined form and some combined or alloyed with the metal; the former 
portion appears as silicon when the metal is dissolved, the latter partly 
as hydrated silica and partly as hydrogen silicide. 1 The silica is partly 
precipitated and partly dissolved colloidally. Hence a number of steps 
have to be taken in order to determine the total amount. In the first 
place, the aluminium was dissolved in hydrochloric acid and the precipi- 
tate collected and ignited in hydrogen. This gave the combined weight 
of silica dnd silicon precipitated. Ignition in air then oxidized the sili- 
con to silica, giving a measure of the quantity of the former, and treat- 
ment with hydrofluoric acid showed how little of other impurities had 
retained by the precipitate. The silica which remained in solution 
« W* Richard* # 
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In the add was found exactly as in a silicate analysis, according to the 
method recommended by Hillebrand. 1 The silicon which escaped as 
hydrogen silidde was determined by passing the impure hydrogen from 
a known weight of the metal through a solution of caustic alkali made 
from the metal and water in platinum, determining the silica in this 
solution. Parallel analyses were made with material from several sheets 
of similar material, the samples showing considerable uniformity. The 
following tables give the analytical results: 

Silicon in the Precipitate. 



Weight of 
aluminium 

Weight of resi- 
due after ignition 

Weight of 
residue ignited 
m air (silica) 

Per cent 


in hydrogen 

Milligrams 

of silicon. 

1 .. .. 

0 75 

.... 

5 7 

0 35 

2 

0 75 

. 

5 4 

0 33 

3 

0 75 

.... 

5 I 

0 32 

4 


0.0030 

. . . 

. . . 

5 


0.0030 

. . 




O.OO30 

5 4 

0 34 


Silicon in the Solution. 


Weight of 
aluminium. 

Weight of 
silica found 


Per cent, 
silicon 

O 7500 

O OOOB 


O 050 

O 7500 

O 0006 


O 038 



Average, 

O 044 


Silicon in ths Gas. 



Weight of 
aluminium 

Weight of 
silica found. 


Per cent 
silicon. 

i. Bo 

0.0008 


0 021 

* *75 

0.0006 


O Ol6 



Average, 

O OlB 


Thus the total weight of the element silicon was found to be 0.40 
per cent, of the original weight of the metal taken. 

Assuming that the difference between the results of Analyses 1, 2, 3 * 
and 4, 5 gives the weight of oxygen needed to convert uncombined sili- 
con into silica, the silicon present as such in the residue must have been 
0.0021 gram. 

In computing the effect of the impurity on the heat of reaction, ac- 
count must be taken of the fact that different forms of silicon have differ- 
ent effects upon the result. According to Berthelot, a gram atom’ of 
Jpcon on being converted into the hydrated dioxide evolves about *80 
fhdories of heat, whereas it will be seen later that the same weight of 
gu m i nhun evolves only about 130 Calories. Thus the presence of $$• 

‘ Hiflebraad, United States Geological Survey. Btdkfm 305, , 
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silicon causes a larger heat of reaction than the same weight of aluminium. 
On the other hand, according to Ogier, 1 a gram molecule of hydrogen 
silicide evolves about 25 Calories when formed from hydrogen and crys- 
talline silicon and 33 Calories when formed from amorphous silicon and 
hydrogen. When formed fiom aluminium silicide and hydrochloric add, 
the heat of formation would doubtless be somewhat diminished. For 
the present purpose it is assumed to be about half the value given above, 
namely, 15 Calories. Making allowance for these facts, it is apparent 
that for the present purpose the total amount of impurity may be cal- 
culated as nearly equal to the amount of silicon found as such, namely, 
o 28 per cent. 

The sodium present was estimated as follows: o 20 gram of the alu- 
minium foil was dissolved in a platinum dish with pure hydrochloric 
acid, which gave no test for sodium m the spectroscope; the resulting 
solution was concentrated to about 1 milliliter and examined in the 
spectroscope. It was found to be about half as concentrated in sodium 
as a standard solution which contained o 02 mg per milliliter. This 
proves that the quantity of sodium present was less than o 01 per cent, 
and may therefore be ignored. 

To prepare the metal for use, it was polished on both sides with a 
mild abrasive; it was then carefully wiped with clean dry cotton and 
washed with ether to remove any film of grease which may have 
formed It was then dried and cut into small pieces with a clean pair 
of shears. 

The metal prepared in this way had a very bright surface and could 
not have been covered with a film of oxide of more than microscopic 
thickness. That a film of oxide existed, however, is shown by the fact 
that the pieces would not amalgamate when thrown on mercury, but if 
held below the surface of the mercury and scratched, amalgamation slowly 
occurred. No way was found to estimate the quantity of oxide actually 
present, because ordinary quantitative analysis could not detect an 
amount so small. Some idea of the piobable quantity, however, may 
be obtained from the study of the oxidation of electrolytic zinc. The 
zinc exposed a much greater surface per unit of weight than the alumin- 
ium does, and should therefore be oxidized to a greater extent. Now 
the quantity of zinc oxidized was shown to be less than 0.04 per cent.; 
nevertheless, when it was thrown on dry mercury and stirred into it, 
little or no amalgamation took place. As soon as a solution of ammonia 
was added, however, amalgamation took place almost immediately f 
and very little 2inc was found in the ammonia. It is thus evident that 
the coating of oxide which will prevent amalgamation is extremely thin; * 
and there is accordingly little Hkehhood that the film of oxide coveting 
V 1 1 Ogier, Am. Mm, phy*. bj, ao, 31, tSSo. 



440 * 


OENERAI,, PHYSICAL ANO INORGANIC. 


the surface of the aluminium was great enough to introduce an apprecia- 
ble error into the results. In view of these facts the aluminium was as- 
sumed to be 99 6 per cent. pure. 

Magnesium . — Ribbon — the purest which could be obtained in the 
market — was used for this work. A careful analysis showed the pres- 
ence of a small amount of iron and a trace of sodium. 

The determination of the iron was made in the following manner: A 
weighed amount of the metal was dissolved in hydrochloric acid and 
sufficient ammonium chloride added to prevent the precipitation of 
magnesium hydroxide. While hot the solution was oxidized with chlorine, 
and the iron piecipitated with ammonia twice in succession, and weighed 
as oxide The results were as follows: 

Iron in Purest Commercial Magnesium. 

Equivalent Per cent. 

Wt, of Mg Wt ofFe„0<j wt of iron of iron 


1 2.50 O 0031 O 0021 0.0* 

2 2.86 O 0028 O 0020 0.071 


Because the iron itself has some heat of solution (about 8 per cent, 
of that of an equal weight of magnesium), the fraction o 075 percent 
would correspond to about o 07 per cent, of inactive substance. 

The sodium was estimated in the same manner as in the case of alu- 
minium above and was found to be present in about the same quantity. 
Consequently, no correction for it was necessary. 

To prepare the metal for use it was scraped with a knife in order to re- 
move most of its coating of oxide, and afterwards polished with a mild 
abrasive, which was removed by rubbing with clean dry cotton. The 
metal then presented a very bright surface and could be kept in a stop- 
pered weighing tube for a long time without tarnishing. There can be 
no doubt that the surface of the metal was still coated with a very thin 
film of oxide, because it would not amalgamate when held below the 
surface of mercury. In view of the experience with zinc, the weight of 
the oxide probably did not exceed o 05 per cent, of the weight of the 
metal. Magnesium, like aluminium, is far more active than zinc, and 
therefore should be more easily oxidized; but the more compact form 
probably about compensated in the present case for the greater activity, 
because less surface was exposed .with either aluminium or magnesium 
than with zinc. 

As an outcome of these experiments, the magnesium was assumed to 
fcave a purity of 99.9 per cent, with an uncertainty probably not ex- 
■eding 0.05 per cent, in either direction. 

r Cadmium . — The cadmium used for this work was prepared electro- 
lyrically 4$pm cadmium sulphate which had been twice recrystallized 
from g$re water, in precisely the same way as the zinc. The finely divided 
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crystals were washed with dilute ammonia solution until free from cad- 
mium salt, then with water and finally with alcohol and ether, as before 
described, and were dried in a vacuum over concentrated sulphuric acid. 

Since cadmium is a less active metal than zinc it should be less oxi- 
dized when prepared in the same manner. The quantity of zinc oxidized 
was found to be too small to introduce any serious error into the re- 
sults. Therefore, the quantity of cadmium oxidized was not deter- 
mined. 

The mother liquor enclosed by the crystals of the metal was found to 
be considerable in amount, foi its determination the method used in 
the case of zinc was cmplo)ed. 



Volatile Material 

Enclosed by 

Crystallized Cadmium 


W tight o( 
cadmium 

W fight guiiK *1 
bv di ving tube 

Blank 

Weight volatile matter 
from cadmium 

1 

5 OO 

O 00535 

O OOOI 

O OO525 

2 . 

5 00 

O 00,510 

O OOOI 

O 0050 

3 . 

5 00 

O OO51 

O OOOI 

O 0050 

4 

5 00 

O 0048 

O.OOOI 

O.OO47 


Aveiage, o 00499 

Since the electrolysis n as conducted with a twenty-five pci cent, solution, 
the corrected weight of mother liquoi was o 00665 giam; that is to 
say, the weight of enclosed mothei liquoi Vvas o 13 per cent, of the orig- 
inal weight of metal The heat produced by the neutralization of this 
ammoniaeal mother liquor w’as about one sixth of the quantity which 
would be produced by the solution of an equal weight of cadmium; hence 
the correction to the weight for thermochemical purposes would be o 11 
per cent. As no other impurity w'as found in the cadmium, the metal 
was calculated as having a purity of 90 9 per cent 

Iron ,- -The iron used in this work w'as obtained from four different 
sources. 1 They will be spoken of as Samples A, B, C and D. 

Sample A was iron leduced by h\drogen obtained from Kahlbaum 
and was undoubtedly very pure. It was prepared for use by being 
freshly reduced in hydrogen, at a \ery moderate temperatuie Ignition 
at a very high temperatuie would have diminished the surface and there- 
fore the speed of subsequent solution, by causing the particles to cohere 
more closely. 

1 A fifth sample was furnished by Professor C. F Burgess, of the University of 
Wisconsin. It was prepared electrolytically and contained considerable hydrogen. 
The rate of solution is undoubtedly greatly influenced by the quantity of hydrogen 
present. When first obtained it dissolved at a rate comparable with the other sam- 
ples. After having been kept for a year, however, it dissolved so slowly that no re- 
sults could be obtained with it. The same effect was produced by heating it strongly 
in a vacuum for a considerable length of time. 

We wish to express our thanks to Professor Burgess for his courtesy in supplying 
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Sample B was similar in appearance; it was prepared from ferric ni- 
trate which had been recrystallized four times from a strong nitric acid 
solution. The pure ferric nitrate had been heated in a platinum dish at 
a low temperature until converted to the dark red basic nitrate. This 
was then removed, finely ground , 1 and afterwards strongly heated in a 
platinum dish until completely converted to the oxide. The ferric oxide 
was placed in a porcelain boat and reduced at as low a temperature as 
possible in a current of pure hydrogen . 2 

Sample C was made by electrolysis of ferrous sulphate solution, to 
which had been added a small amount of ammonium chloride. The 
electrodes were of platinum, and, as soon as a thin layer of iron had 
formed, it was removed and kept under a dilute solution of hydrochloric 
acid. In this way thin plates of the metal were obtained, which ex- 
posed a considerable surface to the action of the acid The preparation 
was finally washed with water and reduced in a current of hydrogen. 

Sample D was prepared by the electrolysis of a solution of#ferrous 
chloride. It was treated in the same manner as Sample C. 

Of these samples, those reduced from pure oxide in hydrogen were un 
doubtedly the purest; these were essentially free from impurity. The 
electrolytic iron probably contained less than o i per cent, of impurity 
derived from the electrolyte. 

Apparatus. 

The Calorimeter . — This work, involving the purest materials just de- 
scribed, was carried out with the aid of the adiabatic calorimeter, of 
which a vertical section is shown in the figure. The form of environment 
first employed consisted of two concentric cylindrical vessels of copper 
and a cover. The smaller cylinder, within which was placed the calorim- 
eter proper, was secured inside of the larger one on legs made of hol- 
low brass tubes about eight or ten centimeters in length. The space 
between the copper cylinders was filled with a solution of crude caustic 
soda, the liquid being allowed to come as near the top of the vessels 
as possible without danger of overflowing when stirred vigorously. The 
cover was a cylindrical vessel, also of copper, about ten centimeters in 
height, of such a diameter that it fitted easily inside the smaller cylinder, 
and projecting therein to such a depth that it was only two or three 
millimeters from the top of the calorimeter can. Four vertical brass 
tubes were soldered into the bottom of the cover, through which passed 
the stirrer, thermometer, and rod from which the basket containing the 
metal under treatment was suspended. The cover also was filled with 

1 An iron mortar, according to Hempel, is obviously an ideal tool for this pur- 
pose. 

1 Richards and Baxter, Proc, Am . Amd^ 35, 233 (1900). £. anorg. Chem, t 33* 245 
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the crude alkaline solution, so that the calorimetric space was surrounded 
on all sides by an insulating layer of liquid about a decimeter thick, 
which could be kept by means of added acid so nearly at the same tem- 
perature as the calorimeter itself that the exchange of heat between them 
was negligible. The narrow annular space between the sides of the 
cover and the top of the inner cylinder was stopped by means of a rubber 



washer which was fastened to the sides of the cover. If this space was 
not closed, the current of air circulating through it was found to cause 
evaporation from the calorimetric vessel, and hence accidental cooling. 
The liquid in the large outside cylinder jacket was very vigorously stirred 
by means of a triple-screw r propeller — a method which was found to be 
exceedingly efficient. The cover was stirred by means of a perforated 
copper disk which moved up and down at the same rate as the stirrer 
in the calorimeter proper. This method of stirring is not so efficient 
as the propeller, but was found to be adequate. 

A few experiments at the dose of the research were conducted by 
nmm of a modification of this calorimeter — a modification ¥ which on 
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the whole proved so satisfactory that it will be used in future work of 
this kind. This modification had already been used in principle in the 
work of Richards and Forbes in “Energy Changes Involved in the Dilu- 
tion of Zinc and Cadmium Amalgams. 1 In this apparatus the cover of 
the environing bath was dispensed with, and the calorimeter proper 
was enclosed in a sealed can of metal wholly below the surface of the 
liquid in the large copper pail constituting the lower jacket. The tubes 
for the thermometer and other apparatus were attached to the lid of the 
sealed can, and the latter was wholly submerged. Thus the reaction was 
conducted in a sort of submarine vessel, having only a few tubes above 
the water level. 

At first we feared that the cover would be difficult to make water-tight, 
and that the manipulation would be complicated by tty firm attachment 
of the lid of the calorimeter can, but, as a matter of fact, these difficulties 
were found not to be prohibitory. By pressing a large flat elastic rubber 
washer between the top of the can and the lid, and holding tluj, lattei 
down by suitable clamp screws, a perfectl) water-tight joint may be h&d, 
if the metal surfaces are smooth. 

The best arrangement of these details has been described in % pa[>er 
by R. H. Jesse, Jr., and one of us, 2 in whose investigation the apparatus 
was subjected to a much more thorough test 

A submerged vessel of this kind was found to provide altogether the 
best means of accomplishing the desired result. With this apparatus 
the experimenter has only one vessel to adjust at the temperature of 
the calorimeter inside, and the strain upon him is therefore distinctly 
less than when the lid also must be specially adjusted. The final results 
given by the calorimeter are exactly identical with those afforded by the 
other, as may be seen from the inspection of the results on zinc. The 
identity with the results obtained with the two sets of instruments is a 
valuable confirmation of each. 

A cylindrical platinum can was used as the calorimeter proper. Its 
capacity was about 1.2 liters, and it weighed 177.25 grams. It was of 
such a size that it fitted loosely inside the inner copper cylinder of either 
form of adiabatic jacket, leaving an air space of about two or three milli- 
meters in width on all sides. From the copper cylinder it was thermally 
insulated by means of triangular pieces of cork which were made as small 
as possible and placed with the apex against the calorimeter can. These 
pieces of cork were so small that their heat capacity was entirely negligi- 

^mermometers . — Beckmann thermometers, graduated directly to hun- 
dredths and readily estimated to thousandths by means of a lens, were 

1 Carnegie Institution of Washington, Publication 56, 52 (1906). 

* Thb Journal 32, 268. 
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used for determining the temperature change of the calorimeter. They 
were very carefully standardized jjay comparison with two international 
standards, calibrated with the gieatest care in Paris. 1 The compari- 
sons were made while the Beckmann thermometers were subjected to 
precisely the conditions of exposed column, etc., to which they were 
submitted during the calorimetric determination, so that the corrections 
could be applied with strict consistency. The cruder thermometers 
used in the jacket and cover were graduated to twentieths and could be 
easily estimated to hundredth*. The\ were compared with the stand- 
ardized thermometers throughout the part of the scale used, and all were 
set so as to read together within two or three hundredths of a degree. 

.S7i*rm.-~In the early parts of the work a stirrer made from round 
glass rods bent fi^pd fused together was used inside of the calorimeter 
can. The surface exposed bv such a svstem of 
rods is small, and consequently the stirrer 
would have .to be drhen at a high speed in 
order to produce verv complete mixing. As 
will be shown later, this stirrer was not able, 
when running at a rate of about one hundred 
strokes per minute, to stir efficiently the cal- 
orimetric liquid. Accordmgh , a stirrer made 
from sheet platinum and ofleriug as ere at a 
surface as possible was used in all the final re- 
sults. The diagiani shows clearlv the manner 
of its construction. It consisted of two rings, 
two centimeters in width, perfoiated with holes 
at regular intervals. These rings were con- 
nected by rods of platinum, which projected 
above the surface of the liquid. The rods were 
sealed into glass tubes which passed through the cover and were con- 
nected to the driving mechanism. 

The Platinum Basket . — A cylindrical basket, about 4 cm. in diameter 
and 3 cm. high, made from platinum gauze, was used to support the 
metal to be dissolved. As the metal was sometimes very finely divided, 
it occasionally sifted through this gauze, and began to dissolve before 
its time. In order to prevent this cause of inaccuracy, a cap of platinum 
foil was sprung over the bottom of the basket outside, and just before 
the basket was lowered into the acid this cap was pushed off by means 
of a suitable device and allowed to fall to the bottom of the calorimeter. 
The basket itself was held by means of a stout hook of platinum wire, 
attached to the glass tube which ran through the copper tube attached 
to the center of the cover. , 

1 These standards are described by Richards and Wells, Prpc. Am. Acad. t 38, 
494 (190a); Z. physih. Chem., 43, 467 (*9° 2 )- * 
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Apparatus for Preventing Loss of Drops . — In the early experiments a 
considerable amount of the liquid, as much sometimes as one-half of a 
gram, was carried away in the form ot drops by the escaping gas. These 
drops resulted, of course, from the bursting of the small bubbles as they 
rose to the surface. This is a familiar phenomenon whenever a gas 
escapes from a boiling or effervescing liquid. Several devices were tried 
to prevent this cause of inaccuracy An inverted watch glass perforated 
in the center, placed over the top of the basket, served oulv partially 
to solve the difficulty. Next, a miniature bell-jar of very thin glass, fitting 
over the basket, and provided with a fine delivery tube above, just dipping 
under the liquid, was tested. This device collected the larger bubbles, 
but the smaller were driven throughout the liquid by means of the vio- 
lent stirring and escaped from under the bell, deeply some arrange- 
ment was necessary which should include in its scope practically all of 
the contents of the calorimeter, and, as a matter of fact, the difficulty 

was entirely overcome by mean ^ of such 
an apparatus as is shown in the accom- 
panying diagram. A large fiat cone 
with a diameter almost as gre^t as the 
internal diameter of the platinum cal- 
orimeter, and an altitude of not over 
3 cm , was placed over the basket At 
the apex a hole was cut to accommo- 
date the rod which carried the basket. 
The cone was attached to the rod, leav- 
ing a space around it for the escape of 
the hydrogen, and a second small cone 
fitting closely to the rod was fastened 
a few millimeters above the first, in order to cover the opening provided 
for the escape of the gas The fine bubbles of hydrogen slowly ran up 
the lower sides of the larger cone and collected in larger bubbles under 
the surface of the smaller cone, and from the edge of the smaller cone 
the gas bubbled through the liquid in a well-ordered manner, giving a 
minimum projection of the solution in the form of drops. As the heat 
capacity of the platinum nones was small and easily determined, this 
device introduced no error, and. at the same time eliminated the difficulty 
in question. It was used in all the later experiments. Only Series i, 
involving the solution of zinc, suffered from loss* by the projection of 
drops, and to this a small correction was applied for the liquid which had 
I escaped being warmed by the reaction in this fashion* 

The Efficiency of Stirring. 

It has been stated that previous work of others, as well as our own 
, early experiments, were probably in error on account of Inadequate 
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stirring . 1 The facts on which we base this statement will now be pre- 
sented. In the experiments whose results are tabulated below, three 
different thermometers were used, all of which had been carefully stand- 
ardized No. i reached nearly to the bottom of the calorimeter, No. 2 
about midway, and No. ' only a shori distance below the surface of the 
liquid These three thermometers were used to measure the heat of solu- 
tion of a definite amount of zinc in dilute hydrochloric acid. The heat 
capacity of the system was the same in each case and the same weight of 
metal was dissolved The liquid was m each case stirred bv the inade- 
quate glass stirrer mentioned before. The corrected temperature rise 
as observed with the three thermometcis is recorded in each case. 

Temperature Rise at Different Depths with Inadequate Stirring. 

rhetmometei No Thermometer No } Thermometer No t, 

A 151 4 213 4 225 

4 149 4 210 

4 151 A 207 

4 150 

4 149 

Mean, 4 150 4 210 4 225 

The results with thermometer No 2 are 1 45 per cent, and that with 
No. 318 per cent, higher than those with No 1, that is to sa\ , the 
liquid at the top lemamed consistenllv warmer than that at the bottom 
during the experiment, which is exacth what would be expected if the 
Stirling were inefficient When the thermometer bulb was at the bot- 
tom, the temperature indicated by it was undoubtedly too low through- 
out the whole progress of the experiment. This caused the jacket to be 
kept at too low a temperature and the reacting s\stem must have lost 
hep.t to the surroundings A parallel error w r ould have come from this 
cause if the Regnault-Pfaundler method had been used to compute the 
cooling correction, and has probablv entered into much similar work 
in the past 

After the discovery of this unexpected source of error, the glass stirrer 
was entirely rejected, and the far more efficient stiirer of platinum alone 
was used. Experiments were then instituted to discover how rapidly 
this must be operated in order to commingle adequately the reacting 
substances. Forty strokes per minute still left an error of over o 2 
per cent., while sixty strokes per minute gave adequate mixing, as judged 
from the constancy of the outcome. This mav be given here, as a con- 
trast to the results in the preceding table. The following results were 
obtained with two different lates of stirring and two different thermom- 
eters. The first thermometer reached about midway, and the second nearly 
to the bottom of the calorimeter. The heat generated by stirring was 
* W. F. White has independently come to the same conclusion, Pfyys. Rev. (1908). 
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determined and in each case the appropriate correction was applied. 
The values for this correction will be given later. In each case 7.500 
grams of zinc were dissolved in 941 4 grams of dilute acid. The nine 
experiments are arranged below in two ways — first classified as to speed 
of stirring (Series I and II) and then classified according to the ther- 
mometer used (Series III and IV). 


Temperature Rise at Different Depths with Adequate Stirring. 


Series I. 

Series 11 

Series III. 

Senes IV 

no strokes pei minute 

00 strokes per minute 

Thermometer i. 

Thermometer 2 

4-247° 

4 246° 

4 247° 

4 244° 

4 -« 45 ° 

4-245° 

4 - 245 ° 

4247° 

4.244° 

.... 

4.246° 

4.246° 

4 . 246 0 


4 - 247 ° 

... * 

4 . 247 ° 


4 246° 

.... 

4-246° 


4 - 245 ° 


4 - 247 ° 




Aver., 4.2460° 

4 2455 ° 

4.2460 0 

4*2457° 


These results prove conclusively that with the rates of stirring em- 
ployed the mixing was very complete and the liquid was uniformly 
warmed throughout the reaction, for the differences between each aver- 
age and the general average are of the same order as the probable error 
of each. In other words, the results arc identical within the limits of 
experimentation. Hence the rate of sixty strokes per minute was ade- 
quate, with our efficient stirrer, to accomplish the desired result 
Correction for Heat Evolved by Stirring, 

The rate of stirring required for these experiments was sufficient to 
cause considerable heat to be generated. This quantity must obviously 
be determined for each liquid used. In the adiabatic calorimeter the 
determination may be made with great ease and precision. 

When the acid solution (HC1.2olI 2 0) was stirred at the highest rate 
employed, i. e. f no strokes per minute, the following results were ob- 


tained : 

Time. Temperature Average rise 

Min use per minute 

X 20 0,025° 0,00124° 

2 15 O.Ol8° 0.00X20° 

3 30 0.038° 0.00125° 

Total 65 0.081 0 0.00123° 


When the more concentrated acid (HC 1 . 8 . 8 o 8 H 3 0 ) was stirred at the 
same rate, a rise'of 0.954 0 was caused in 30 minutes, at the rate of o.ooiS 0 
per minute. Thus the denser liquid caused a greater stirring correction, 
partly because of its lower heat capacity. 

With the same acids and the slower rate of stirring (60 strokes pet 
^minute) the correction assumed the following much ^mailer values; 
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Acid. 

Time. 

Mill. 

Temperature 

ri9e. 

Average rise 
per imnute. 

HC1.8.8o8H a O 

60 

O.OO9 0 

O.OOO15 0 

HC1.2oH,0 

40 

O.O06 0 

O.OOOI4 0 

HC1.2oH 2 0 


0.008 0 

O.OOOI4 0 


The value for the least concentrated acid (HC1.2ooH 2 0) was not de- 
termined, but since the heat capacity of the system in that case was about 
io per cent, greater than that with the acid (HC1.2oIJ 2 0) the stirring 
correction was undoubtedly about o 007 ° in an hour. It is interesting 
to note that when the rate of stirring is doubled the heat generated is 
increased about tenfold. This is in approximate agreement with ex- 
perience of naval engineers in calculating the quantity of coal necessary 
to drive ships at sea. 

Possible Error Caused by Heat Exchange with Surroundings. 

If the environment of the calorimeter is kept exactly at the tempera- 
ture of the calorimeter, no heat exchange can take place. Since perfect 
exactness in this adjustment is not often to be attained, we investigated 
with care the possible effect of slight imperfections in the adjustments 
of temperature:; We had expected to find nearly equal effect in the two 
opposite directions of cooling and warming, but somewhat to our surprise, 
this expectation was not fulfilled. When the temperature of the jacket 
was maintained o. i° higher than that inside the calorimeter for a period 
of twenty minutes, only a barely appreciable change was observed in 
the temperature inside the calorimeter; but when it was o.i° lower a 
very noticeable cooling effect is manifested. This latter effect was proba- 

' due to a distillation of the water out from the calorimeter and subse- 
A lent condensation on the copper walls of the inside of the jacket. Dis- 
solution into the calorimeter when the outside jacket was warmer could 
ot take place, because the calorimeter space is entirely protected from 
he outside air, and there was then no source of moisture to draw upon, 
it is possible that evaporation into the slight current of air drawn through 
the tubes also contributed to the effect. 

This observation, which was first made by one of us in collaboration 
with Dr. A. W. Rowe, is so important in its bearing upon calorimetric 
work in general that a typical series of results should be given. In the 
first place, the outer jacket was adjusted at precisely the same tempera- 
ture as the calorimeter, and the small correction for the stirring of the 
latter was noted. The jacket was then kept at a temperature just o.i° 
above the calorimeter, and the further progress of the temperature was 
carefully observed. Two rates of stirring were employed in two ^differ- 
ent experiments, one very active, and the other somewhat less so.JfHa.Vf 
ing thus determined the effect of having the jacket too hot, the same ex- 
Jp^rim^nt was repeated with the opposite disturbing causj— the jacket 
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around the calorimeter was kept o i° too cool. The results are re* 
corded in the table below; in each case the test lasted forty minutes: 

Effect of Maintaining JackFvT at too High or too Low a Temperature. 


Rate of stirring 

Correction for 
stirring tor 
tune named 

FxcesS 
of jacket 
temperature 

Change in 
calorimetric 
temperature 

Effect 
to be 

measured. 

Rapid. . . . 

0.006° 

4 0 1° 

4-0.008° 

4-0,002° 

Slow . . . 

. . 0.002° 

4-o.i° 

4-0 004° 

4-0 002° 

Rapid . . 

0.006° 

— O 1° 

— o oi8° 

— 0.024° 

Slow 

0 002° 

— 0,1° 

— O 021° 

— 0.023° 

Thus each set of experiments 

is entirely consistent within 

itself ; clearly, 


the exposure of the calorimeter to an environment wanner by o i ° only 
alters the temperature of the former by o ooi° in twenty minutes; but 
if the difference of temperature is in the opposite direction, the cooling 
correction is more than ten times as great 
These experiments demonstrate the faultiness of Ruraford’% method 
of correcting for cooling by starting a reaction as much below the tem- 
perature of the room as the process concludes above it. Evidently, 
if the calorimeter is in a closed metal vessel like ours, the gain in beat dur- 
ing the first part of the process will be only about one-tenth as great as 
the loss during the latter part, and the total observed evolution ot heat 
will be much too small. Because Rumford’s method has usually been used 
in the case of the solution of metals in acids, the discovery of this source 
of error is especially pertinent to the present work. 

After the discovery of these circumstances the temperature in the jacket 
is always kept one or two hundredths of a degree above rather than a 
little below that in the calorimeter. There was no difficulty in keeping 
the temperature of the jacket within o 1 0 of that of the calorimeter through* 
out an experiment, and for the greater part of the time the difference 
was o 05° or less, hence it is evident that no error is introduced in the 
present case from this source. The stirring correction was determined 
under precisely similar conditions, and hence could be consistently applied. 

Correction for Evaporation of Acid, 

The hydrogen evolved during these reactions is saturated with the 
vapor of the solution in which it is produced. Others have considered 
it as saturated with aqueous vapor only, and the correction has been 
calculated, assuming that the heat of evaporation of water was the same 
from an acid solution as from pure water. We thought it worth while 
to test this assumption* by experiment, and the following account of the 
test may well be given here following that of the other small corrections, 
although the application of the results is not in place until the complex 
tion of the chief part of the experiment. 

Tbejbfcst was conducted by bubbling dry air through the usuid amounts 
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of the various solutions concerned, kept at the average temperature of 
the main experiment, and noting the fall of temperature actually pro- 
duced per liter of air. 1 

The details of experimentation were as follows: Into an eight-liter 
roughly graduated bottle was run a stream of water, thus forcing the 
imprisoned air through the driers, which consisted of two sulphuric acid 
wash bottles and a phosphorus pentoxide tube. The air subsequently 
passed through a long coil of lead pipe in the calorimeter and a shorter coil 
in the cover, to ensure that the air should be at the same temperature 
as the liquid inside. It then passed through a central tube of the cover 
and bubbled through the liquid inside the calorimeter. In order to pre- 
vent the absorption or emission of an appreciable amount of heat by 
the air in passing through that very small part of the tube exposed to the 
air of the room, the latter was kept as near the temperature of the ex- 
periment as possible 

A thermometer was placed in the bottle to measure the temperature 
of the air at the beginning of the experiment, and a mercury gauge also 
was inserted to indicate the difference in pressure. The volume of the 
air was corrected to standard conditions. In order to test the accuracy 
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— 0 . 074 ° 

— 0,005° 

— 0.079° 

— 0 0105° 

— 0 076° 

— 0 005° 

— o.o8x° 

— 0.0107° 

— 0.073° 
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— 0.078° 
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— 0 006° 
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- *0.0116° 

—0.085° 

— 0.005° 
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— 0.01x8° 



Mean, 

— 0.0117° 

— 0.048° 

—0.006° 

—0.054° 

— 0.0073° 

—0.053° 

— 0.005° 

—0.058° 

— 0.0077° 



Mean, 

—0.0076*, 


1 Pry hydrogen would perhaps have been better, but we assumed that the same 
quantity would evaporate into each gas* * 
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of the method, pure water was at first experimented upon, and the re- 
sults are given in the table above, with those concerning the acid. The 
table explains itself; attention is called to the fact that the last column 
contains the essential outcome of the experiment, namely the cooling 
effect produced on the given calorimetric system by evaporation into a 
single liter of dry gas. The mean temperatuie of the other experiment 
(i8°) was chosen for these experiments. 

Evidently the cooling effect produced in pure watei and the two most 
dilute solutions of hydrochloric acid is almost the same, allowing for 
the somewhat different heat capacities of the two systems, as indeed one 
would expect; but with the most concentialed acid the cooling effect 
is very much less in proportion. On comparing the actually observed 
cooling effects with those calculated from the tension and latent heat 
of pure aqueous vapor at the appropriate temperatures (o 0098°, o 0099 °, 
o 0109° and o 0121 °, respectively), it is appaient that in even case 
except the last the method gives a lnghci result than the theoretical 
one by an amount averaging about 5 per cent. This is undoubtedly 
in part due to the cooling effect produced by the expansion of the gas, 
as it rises through the liquid, but this effect is not large enough to account 
for the whole difference. The discovery of the cause of iiregularity 
would have constituted a research in itself, and as an accuracy of 5 per 
cent, was enough for our present purpose, the matter was not followed 
further at this time. The diminished cooling effect in the most concen- 
trated acid is the important outcome of this series of experiments. 

The Heat of Solution of Metals in Concentrated Acids. 

•The heats of solution of the metals, zinc, aluminium, magnesium, 
cadmium, and iron have all been determined in the course of the pres- 
ent research, and so also have the heats of dilution of the liquid factors 
and products concerned, in order that all the results might be reduced 
to the usual dilution with 200 molecules of water. The present section 
deals with the determination of the heat of solution. 

In each case (except a few of the experiments with magnesium) enough 
metal was used to cause in the calorimetric system employed in its par- 
ticular case, a change of temperature of about 4 0 , and in each case the 
final temperature was not far from 20°, the range being from the neigh- 
borhood of 16 0 to that of 20 0 . Because of the widely different speeds of 
reaction with these five different metals, different concentrations of acid 
were needed in the different cases in order that the reaction should neither 
too rapid nor too slow in rate. For zinc and aluminium the concen- 
wfetion HCI.20 olI 2 0 was used; for the magnesium a solution in ten 
times as much water (HCl.199.8H2O); and for cadmium and iron, which 
dissolved much more slowly, the far more concentrated solution, HCJ. 

was needed, and even this acted with extreme slowness. 
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Stronger solutions were not used because of the large amount of acid 
which evaporates from them, and because of the excessive complication 
introduced by the great heat of dilution. Hydrochloric acid was used 
ratliei than sulphuric because there is no danger in the case of hydro- 
chloric acid of the existence of such side reactions as are caused by the 
partial reduction of sulphuric acid 

The method of experiment was essential!} the same in the case of each 
metal. A weighed quantity of acid was placed in the calorimeter and a 
weighed quantity of metal in the basket. The whole apparatus was then 
assembled in the manner shown in the diagram (Fig. i). The tempera- 
ture of the jacket and covei were adjusted to that of the calorimeter, 
and the whole was allowed to stand for ten or fifteen minutes to make 
sure that the basket and metal had icached the temperature of their sur- 
roundings The stirrers were put in motion, and the thermometer was 
read until a constant reading was obtained for several minutes. The 
basket was then loweted into the acid and the rise of temperature inside 
equaled in the jacket by running concentrated sulphuric acid from the 
burettes. These burettes were graduated in tenths of a degree — that is 
to say, the} indicated the amount of acid necessan to raise the alkaline 
solution in the jacket b\ successi\e increments one-tenth of one degree. 
The reaction of course became slower and slower, as it proceeded, and 
finally, when the tempeiature rise settled down to the regular rise due to 
the known coriection for the stirring, the reaction was known to be at 
an end, and the final temperatuie readings w T ere made. 

As will be seen from the table below, the time necessary varied greatly 
in the different cases, depending in part upon the accidental arrange- 
ment of the pieces of metals in the basket and in part upon their chem- 
ical nature. In the cases of cadmium and iion, the reactions were so de- 
liberate that it was necessary to introduce platinum chloride into the 
solution in order to catalyze the reaction. This resulted, of course, 
in a side reaction, involving the deposition of a small amount of platinum 
and the corresponding evolution of slightly too much heat. The platinum 
so deposited was collected by filtration and was weighed at the close 
of the experiment. The correction w*as applied duly in each case, and 
amounted on the average to somewhat less than four one-thousandths 
of a degree in the case of iron, the average amount of platinum precipita- 
ted in each case being about 8 milligrams in the case of cadmium and 
io jnilligrams in the case of iron. The equations necessary for calcula- 
ting the reaction for the platinum precipitated by cadmium are as fol- 
lows: 

Pt + 201^ + aHCl aq « H 2 PtCl e aq + 84.6 Cal; 1 * 

* Thomsen, Thmnochmische Untersuchungen, 3, 431 (1883). ^ 
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2Cd 4 - 2 C 1 2 + aq 5== 2CdCl 2 aq + 192 5 Cal; 1 

2Cd 4 - 2H 2 PtCl fl aq == 2CdCl a aq + Pt 4* 2HCI aq 4 * 107 9 Cal. 

By subtracting from this the value for the reaction 2Cd f 4HCI aq ** 
2CdCl 2 aq 4 2I I 2 4 35 o Cal , we obtain the quantity of heat which is 
introduced by the action of one gram-atom of platinum, t. 73 Cal. 
The correction was calculated b> means of the following formula: 

(J ~ 73 X W/M / K, where /? « correction in thousandths of one degree, 
W ™ weight of platinum found, M » atomic weight of platinum, and 
K « heat capacity of system. 

The equations used in calculating the correction for platinum precipi- 
tated by iron are as follows: 

Pt 4- 2C1 2 4- 2HCI aq - H 2 PtCl e aq + 84 6 Cal. 

2Fe 4 * 2C1 2 4- Aq = FeCl 2 aq 4 199 9 Cal. 2 

2Fe 4- H 2 PtCl aq = 2FeCl 2 aq 4 Pt 4- 2HCI aq 4 * 115 3 Cal. 

Subtracting from this the heat of solution of two gram-atoms#of iron: 

2Fe 4- 4HCI aq 2FeCl 2 aq 4- 2H 2 4- 42, 
gives the output of heat (73 Cal ) for one gram atom of platinum The 
correction is calculated by means of the equation already given, tHe evolu- 
tion of heat being essentially identical in the two cases. A portion of 
the liquid was removed with a pipette immediately at the close of the 
experiment and tested with sulphocyanate ; no trace of oxidation was 
observed. 

The heat capacities of the various factors in the reaction, including 
the calorimetric apparatus which was warmed by it, were computed 
from the weights of the several parts. By far the most important por 
tion of the heat capacity consists of the acid solution, and accordingly, 
especially accurate determinations were needed. We are greatly in- 
debted to Dr. A W. Rowe for his kindness in determining the specific 
heats of the three acids used by us between the temperatures of 16 0 
and 20 0 , by the new method now in use in Harvard University. 8 The 
specific heats of the three acids employed were respectively as follows: 
the weakest solution (HCI.199 8H 2 0) 0.9814, the solution of medium 
concentration (HCI.20 oH 2 0 ) o 8486, the most concentrated solution 
(HC 1.8 8 o 8 H 2 0 ), o 7312, compared with water over the same range, 
16 to 20 0 . The specific heats trf the various pieces of apparatus (with 
the exception of the thermometer) and the metal dissolved are given 
with sufficient accuracy by previous determinations made by others 
and were taken as follows: 

$ * Thermo chemisette Vntersuchungen, 3, 284 (1883). For the sake of 

insistency Thomsen’s somewhat crude figures were used throughout. 

* Rowe, Proc. Am. Acad,, 43, 475 (1908); Z. physik, €km. t 64, 



fifcAtfS Ot SOLUTION OF MJErtTALS IN ACIDS. 


455 


Zn 


Fe 
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Pt 


Mg 

0 245 

Glass 


Cd 





The thermometer wis estimated by the method given in Ostwald- 
Tuther’s well-known ‘Tlandbuch.” 1 The following table gives the heat 
capacities of the various systems concerned The two series of experi- 
ments with zinc differ only in that the first series was conducted with the 
inadequate glass bell for preventing the projection of drops of liquid. 
Accordingl) the specific heat of 2<s grams of glass had to be included 
in the system, and a correction of one quarter of a gram had to be made 
for the liquid lost by projected drops of liquid. The amount of this 
loss was found to be on the average about one half a gram, and one- 
half of this quantity was taken, because the loss was gradual from the 
beginning to the end of the experiment. In the second series with zinc 
and all the other series with other metals the platinum cone, weighing 
about 9 grains, replaced the inadequate glass bell, and no important 
amount of acid was lost bv the piojcction of drops. The differences 
in the heat capacities of the acids are due to the different specific heats 
and weights taken. The system included also half|Of the air in the space 
surrounding the caloiimeter by means of which the latter was insulated 
from the inner cylinder of the jacket. The volume of air was calculated 
to be 160 cubic centimeters, w hich at constant pressure has a heat capacity 
of o 22 maver. Since the total heat capacity of the system was always 
ovci 3000 mayers, this quantity may safely be neglected, as being beyond 
the accuracy of the measurement. 

In the first three experiments with zinc, 941 2 grams of acid were used; 
in each of the othei experiments with zinc and aluminium the weight of 
acid was 941 4 grains. In the case of magnesium, 904 o grams of the 
more dilute acid were emplo>ed, while the most concentrated acid used 
in the experiments with cadmium and iron, weighed 983 o grams in each 
trial. Here is given a table showing the heat capacities of the several 
systems, calculated from the foregoing data. 

First Second Magne- 


zinc. Aluminium sium. Cadmium Iron. 

Platinum.. 8.4 8.7 8.7 8.7 8.7 8.7 

Glass 4.7 

Add 798.7 7989 7989 887.3 718.8 718.8 

Metal 0.7 0.7 0.2 0.2 0.8 1.0 

Thermometer x.4 1.4 1.4 *-4 1.4 1.4 

Total in Cal/(° 813.9 809,7 809.3 897.5 7 * 9-7 7*9-9 

Total In mayers 3404. 3*86. 3384. 3753. 3033. 3053. ' 


, * Ostwald-Luthcr, “Hand- und Halfsbuch zur Ausftthrung ghysikochemlscher 

Mepongen," and edition (1902). 
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With successive preparations of each of these systems a number of 
experiments on the heat of solution of metals in acids were made. More 
experiments were made with zinc than with the other elements for three 
reasons: in the first place because the first method which had been used 
was not wholly satisfactory, in the next place because experience was 
at that time being gained concerning all the details of the manipulation, 
and finally because two entirely different samples of zinc were tested. 

The volume of hydrogen evolved in each of these experiments under 
standard conditions was calculated, and multiplied by the average fall 
in temperature per liter of gas passed through each calorimeter full of 
each acid, according to the table alread\ given on page 451. 

A sample experiment showing the general method is given below. 

The Heat of Solution of Zinc. 

7 5 grams of electrolytic zinc were used, being equivalent, according 
to the analysis, to 7 496 grams of pure zinc. The calorimeter contained 
941.4 grams of acid or 2.372 moles of hydrogen chloride. The tempera- 
ture of the air w r as 18 0 . This is the experiment number 6 below. 


Time. 

Rending of 
thermometer 
in calorimetei 

Reading of theimuxnctci 
m the jac ket rtduccd 
to the same sLanriurd 
as the o-iloi imeter. 

Read in# wt tlu tliet- 
monieter in tb«K\Uo* 
umetei corr< cted tor 
enois of calibration. 

O 

0.830 

0.82 

0 . 808 

1 

0.830 

O 82 

# 0 808 

2 

0.830 

O 85 

O.808 

3 

O.83O 

O.85 

O.808 

20 

5 >010 

5-02 

5-027 

22 

5-031 

5 04 

5-049 

23 

5-033 

5 -08 

5*051 

24 

5 035 

5-09 

5-053 

25 

5-035 

5 05 

5 .053 

26 

5-035 

5 05 

5 05 

27 

5-036 

5-04 

5-054 

28 

5-036 

5 02 

5.054 


Thus the difference between the corrected readings of the thermom- 
eter was 4.246. To this must be added 0.002° for the correction for the 
thread of the thermometer exposed to the somewhat cooler air of the 
room, and from the results must be subtracted o 003 0 for the heat added 
by the stirring, the slower rate having been used in this experiment. 
The final temperature attained' was 29.87°. The volume of hydrogen 
evolved, reduced to standard conditions, was 2.57 liters, which number 
being multiplied bv the cooling effect of one liter of gas under the same 
j^nditions (o 0117°), gives 0.030°, the correction to be applied for the 
vaporization of the solution. The corrected rise of temperature is 4 275° 
in a heat capacity of 809.7. Multiplying these two quantities together, 
the heat evolved in the experiment, exp&ssed in i8°-Calories, is found to 
be 3461 Calories. A table containing the data for all the metals follows: 
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• Average, 3474 

1 This experiment was performed with the submarine apparatus; all others with the original form of calorimeter. 
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The table explains itself, the five metals, zinc, aluminium, magnesium, 
cadmium, and iron being named in the order in which they were investi- 
gated in the second column, and the various essential data concerning 
the several experiments being given in the following columns. The 
last column of all contains the products of the several parts of numbers 
in the two preceding columns and gives the various amounts of heat 
evolved in each of the several experiments. These values are those 
which would be manifested by an isothermal reaction conducted at the 
final temperature attained in each case, 2o°± } because the heat capaci- 
ties of the factors were used in calculating the results. 1 

Comparison of the results in the last column of this table shows that 
the calorimetric method had been bi ought to a high degree of constancy, 
because the agreement between the several results for each reaction is 
excellent; that is to say, the probable error of each of these averages 
is small, in so far as the actual errors of experimentation are concerned. 
Except in the case of cadmium, which is the least satisfactory, the max- 
imum difference from the mean of the individual determinations is very 
little over one-twentieth of one per cent., and even in the case of cad- 
mium it is only about one- tenth of one per cent. The probable error 
calculated accorcing to the method of least squares is accordingly much 
less than this. Evidently we have here a list of data far more accurate 
than anything ol the kind which has been published before. For ex- 
ample, Thomsen's results for zinc, with which he made more experiments 
than in the other cases, vary from 34 04 to 34 69 Calories — an extreme 
variation of nearly 2 per cent., or a deviation from the mean of about 1 
per cent, on each .side. This is a grade of accuracy over tenfold less than 
that shown by the present scries of determinations. The average final 
results are brought together in the following table, together with the 
same calculated upon the basis of a gram-atom of metal instead of the 
small amount which happened to be used in the experiment. The lat- 
ter are given both in terms of large Calories (18 0 ) and kilojoules, the fac- 
tor 4.182 being employed for the computation of kilojoules. The range 
over which the specific heats were measured being 16-20°, the Calorie is 
taken at 18 0 . 

Heat of Solution of the Metals in an Excess of Hydrochloric Acid at 20 °. 

Heat Heat evolved for i 


evolved in gram atom of metal. 

Weight experiment — ■ — - » 

of metal (in small Atomic In large Cal* In kilo* 

Metal. Concentration of acid. dissolved Caloiies). weights ories (20 0 ), joules. 

Zn 4 * HC1.2oH,0 7 .496 3462 65.37 30.19 126.8 

A 1 *f HC1.2 oH 8 0 0.7470 3474 27.1 126.0 527 

Mg 4 * HC1.2ooH 2 0 0.8492 3846 24.32 110.15 460.6 

Cd 4- HC1.8 . 8H,0 14 .985 2635 112.42 19.77 82.68 v 

+ HC1.8 .8H a O. 9.000 331 2 55-85 20.55 85.94 


* Richards, tuts Jootumx,, a$, aog (1903)- 
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The direct comparison of these numerical values with Thomsen’s is 
not immediately possible, because in all cases the acid used by us was 
of a different concentration from that used by him. It has already been 
shown that Thomsen’s method of calculating for more dilute acids was 
erroneous, so that only his actual uncorrected results with acids more 
concentrated than J1C1.2ooH 2 0 are worthy of consideration. 

An essential part of the research, without which the results recounted 
in the present paper are incomplete, is therefore the precise determina- 
tion of the heats of dilution of the several acid solutions concerned. This 
work has already been almost finished, awaiting only a few final deter- 
minations for completion. The details will soon follow in a second paper. 

Summary. 

1. The new method of adiabatic calorimetry was applied to the solu- 
tions of metals in acids. The method is particularly adapted Jp the de- 
termination of the energy change involved in these reactions on account 
of the length of time required b> them. 

2. The faults in the old method of estimating the weight of {petal dis- 
solved are pointed out and 4 a method of avoiding them if; described. 

3. It has been shown that in order to insure the complete equality of 
temperature during the reaction, the stirring within the calorimeter 
must be very vigorous. All the previous results are probably in error 
from lack of this knowledge. 

4. The quantity of heat generated by stirring a liquid is shown to be 
increased nearly 10 times when the rate of stirring is doubled. 

5. The cooling effect of the evaporation of the acid solution into the 
escaping hydrogen has been directly evaluated and a suitable correction 
applied. 

6. The quantity of oxide on the surface of the metals employed was 
shown to be extremely small, and the purity of the materials was care- 
fully investigated, suitable corrections being applied when necessary. 

7. The heats of solution of the metals zinc, aluminium, magnesium, 
cadmium, and iron in hydrochloric acid were determined. 

8. The error in Thomsen’s method of calculating the heat of solution 
of a metal in dilute acid from the data obtained with concentrated acid 
is pointed out. 

9. The second part of this paper, containing the essential heats of 
dilution concerned, will follow soon. 

The Chrmical Laboratory of Harvard College, 

Cambridge, Mass., U. S. A., 1907-1909. 
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Air ADIABATIC CALORIMETER FOR USE WITH THE 
CALORIMETRIC BOMB. 

By Francis G. Benedict and Harold I. Higgins 
R eceived January 24. 1910 

The calorimeters generally used with the calorimetric bomb are sub- 
ject to error due to thermometei lag and exchange of heat with the sur- 
rounding media. The thermometer lag is seldom taken into considera- 
tion, although Richards 1 shows il is likely to be the cause of a considera- 
ble error. The exchange of heat with the surrounding media involves 
the use of an elaborate, time consuming, cooling correction, which can 
hardly gauge the loss of heat with any great accuracy. If, however, 
the calorimeter is rendered adiabatic by keeping the media surrounding 
it always at the same temperature as the calorimeter itself, both of these 
errors are avoided. 

In 1895, in applying calorimetr\ to experiments on man, Rosa 2 con- 
structed a large chamber which was made adiabatic by arbitrarily cool- 
ing and heating an outer zinc wall to coi respond with the fluctuations 
in temperature of the coppei wall of the calorimeter proper. By this 
method any interchange of heat was avoided and the principle lias been 
found very satisfactory in respiration calorimeters. In connection 
with the respiration calorimeter at Wesleyan University, considerable 
work was done with the calorimetric bomb, including the production 
of a modification of the Berthelot bomb. 3 ^Experiments were also made 
there by one of us in an attempt to apply adiabatic conditions to the 
bomb calorimeter. To this end, special forms of apparatus for heating 
electrically a surrounding water jacket were employed, but owing to the 
difficulty in properly insulating the heating wires, the experiments proved 
unsuccessful. Meanwhile the excellent apparatus of Richards, Hender- 
son and F revert 4 appeared, an adiabatic calorimeter which is admirably 
designed for the special purposes for which it has been used in Richards' 
laboratory and which leaves nothing to be desired in regard to accuracy. 
For practical purposes, however, it is somewhat cumbersome and in- 
volves the use of rather large amounts of strong alkali and acid. 

On installing a calorimetric bomb at the Nutrition Laboratory for use 
in measuring the potential energy of food, feces, and urine, experiments 
were continued to obtain a practical form of adiabatic calorimeter in 
which the temperature of an outer water jacket should be controlled 
by electric heating, and the apparatus here described was devised. 

description of Apparatus . — The calorimeter system, the rise in tem- 

1 Richards, Henderson and Forbes, Proc. Amer. Acad. Arts and Sci., 41, No. 1 
(May, 1905). 

1 Atwater and Rosa, Physical Rev., 9, Nos. 3 and 4 (1899). 

• Atwater and Snell, This Journal, 25, 659 (1903)* 

! Richards, Henderton and Frevert, Proc . Amer. Acad., 43, No. 21 (inarch, 1907). 
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perature of which gives the data for computing the number of Calories 
produced during a combustion, is showm in the figure and consists of the 
bomb A, the calorimeter can B, and the water it contains, the stirrer, 
and the immersed portion of the thermometer. In our development of * 



S alorimeier, we have used for the most part a Kroker bomb, but the 
imeter is applicable to any type of bomb with which we are familiar, 
calorimeter can is of nickel-plated brass (24 cm. high and 13 cm. 
in diamejer), being 13 mm. higher than the bomb. The stirrer consists 
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of two flat brass rings, encircling the bomb, perforated by a number of 
holes, and held together by several small brass rods 10 cm. long. This 
stirrer is connected with the mechanism for raising and lowering it by 
, two rods, C C, which are made of hard rubber to prevent conduction of 
heat from the calorimeter. On both of these rods, brass eye-joints are 
used which allow the stirrer flexibility of motion and prevent it from 
binding. The calorimeter can rests on three hard rubber guides and 
knife edges, D, within a second can, about 13 mm. of air space sur- 
rounding the calorimeter can on all sides. 

To prevent the calorimeter system from exchanging heat with the 
surrounding media, it is placed inside of a water jacket, E, which is al- 
ways maintained at the same temperature as the calorimeter. This 
jacket consists of two nickel-plated brass cans, the smaller one (30.5 
cm. high and 15.3 cm. in diameter) so fitting into the larger one (35 cm. 
high and 19 cm. in diameter) that there is an annular space about 17 mm. 
wide between the two cans. Two slits are cut in opposite sides of the 
outer can and two small brass tubes with corresponding slits are soldered 
to the can so as to provide on the one side, F, for the immersion of a 
Beckmann thermometer and on the other, G, for a turbine stirrer, H. 
This annular space, with its two cylindrical enlargements, is filled wdth 
about 3500 cc. of water. The water is heated or cooled to correspond 
with the temperature of the calorimeter water; to heat it, a Simplex 
electric heating coil (6.8 amp., 750 watts), helical in shape, vrhich is 
immersed in the water, is used; for cooling, cold water from the city 
mains is admitted through a small pipe at the bottom of the outer can, 
the excess of water in the jacket passing out through an overflow. A 
2 0 rise in temperature can be obtained in three minutes by passing the 
current through the heater for 50 seconds; the cooling is much more 
rapid. 

The calorimeter is protected from exchange of heat at the top by means 
of a cover, which fits snugly in the top of the water jacket and reaches 
to 13 mm. from the top of the calorimeter can. This cover consists of 
two dead-air compartments, J and K, separated by an asbestos plate. 
The side of the lower dead-air compartment, K, is of metal to allow con- 
tact with the outer water jacket and so cause this compartment to take 
the temperature of the water jacket (and consequently that of the calorim- 
eter) in preference to the temperature of the room air. The other 
parts of the cover are of non conductible material — fiber and asbestos — , 
the top consisting of a larger sheet of fiber for convenience in handling. 
Soft rubber packing is on the bottom of the cover. Three hard rubber 
tubes pass through the cover, two for the stirrer rods and one for th$ 
thermometer, and the ignition wires pass through a small groove on one 
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Auxiliary Apparatus . — The cans are encased in a wooden box, which 
serves as a support and also protects them from undue local heating or 
cooling. A door in front opens to a pet-cock on the water jacket for 
emptying the latter if desired. 

A motor, resting on a shelf back of the box, actuates the two stirrers. 
The outer stirrer is connected directly to the motor shaft by a cord, and 
rotates about 750 times a minute. The inner stirrer is raised and lowered 
44 times per minute, a distance of 6.5 cm., by means of a worm gear 
fastened directly to the armature shaft of the motor. This worm gear 
is connected to the stirrer by a cord passing over pulleys on the back of 
the box to a cross bar with spring, L, which grips the tops of the stirrer 
rods. 

The ignition of the substance in the bomb is accomplished by a no- 
volt current passing through three 32 c. p. lamps in parallel; these lamps 
are placed in receptacles beneath the shelf upon which the mo^or rests. 
The wires are attached to the bomb before lowering it into place in the 
calorimeter, and later attached to a plug outside which connects it to 
the switch used for ignition; this avoids handling the wires under water 
after the bomb is immersed. 

The electric switches have been placed on the front of the case. One 
controls the no- volt circuit, and there is one each for the motor, the 
electric heater, and the ignition. Two push buttons for the thermom- 
eter tappers are also placed on the front of the case. 

The thermometers are held by a special form of support, M, consisting 
of two brass tubes, one for each thermometer. Attached to the top of 
each thermometer is a collar with a handle, which fits into a slit in the 
wall of the tube support. When lowered, the collar handle rests on the 
bottom of the slit; when raised, the handle is turned 90° and thus rests 
in a notch in the top of the support. When the thermometers are not 
being used, the whole support is swung to one side out of the way; when 
they are to be used, the .support is swung back into position and auto- 
matically centers itself so that both thermometers are directly above the 
corresponding openings in the cover. We have been using two Beck- 
mann thermometers, readable to o.ooi°, although a cheaper thermom- 
eter could doubtless be used for the water jacket. For tapping the ther- 
mometer, we use the hammer of a small electric bell, N, attached to the 
thermometer support. 

Method of Making a Combushon . — In a combustion, the substance to 
be burned is prepared, weighed, and put in the bomb and the bomb 
charged to 25 atmospheres with oxygen. The calorimeter water is 
brought to a temperature of about 2 0 lower than that of the room, as it 
is generally planned to have a 2 0 rise in the combustion and it has been 
f<HJd advantageous to have the final temperature of the calorimeter 
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about the same as the room temperature. The calorimeter water is 
then weighed. The system is assembled ; the calorimeter can, with water 
and stirrer, is lowered into the jacket, and then the bomb, connected with 
the ignition wires, is in turn lowered into the calorimeter can; the cover 
is put in place, the thermometers adjusted, and the stirrers connected and 
started. By means of the electric heating coil and the cold water, the 
temperature of the water jacket is adjusted to about o.i° lower than that 
of the calorimeter system and a temperature constant to within 0.001 0 
is readily obtained in the calorimeter system for several minutes. It 
has been found that the water jacket should be slightly colder than the 
water in the calorimeter to compensate for the small amount of heat 
entering from the warmer room, probably through the tubes in the cover. 

After the temperature of the calorimeter water has remained constant 
for several minutes, showing no interchange of heat, the switch for heat- 
ing the water jacket is closed. The current is then passed through the 
heater for such a length of time as will be necessary to raise the outer 
water to the temperature it is expected the inner water will reach after 
the substance in tire bomb is burned. The length of time required for 
this is calculated from the known fact that the heater gives a i° rise 
for every 25 seconds the current is on. Forty five seconds after the 
current is turned 011, another reading of the calorimeter thermometer 
is taken, and the substance is ignited. The heating of the water jacket 
is begun before ignition, as the electric heater is somewhat sluggish. 
During the 45 seconds the current is on before ignition, the rise in tem- 
perature of the outer water indicates 011 the thermometer about 0.2 0 , 
showing that there is very little, if any, interchange of heat, but the rise 
of temperature becomes considerably more rapid after one minute, and 
the temperatures of the calorimeter and the water jacket are found to rise 
at about the same rate. After the ignition, the two thermometers are 
watched very carefully and if the temperature of the water jacket does 
not follow very closely the temperature of the calorimeter water, it is 
heated by the electric heater or cooled by cold water, as may be neces- 
sary to keep the two temperatures the same. Generally, however, lit- 
tle or no adjustment of the temperature of the outer water is necessary, 
as a careful timing of the heating of the jacket at the start will regulate 
the temperature. Readings of the thermometers are recorded every 
minute, and three or four minutes after ignition, the thermometer in the 
calorimeter water is found to attain a maximum reading which will re- 
main constant practically as long as desired. The combustion now be- 
ing completed, the thermometers are removed, the bomb opened and 
rinsed with water, and the rinsings titrated for nitric acid, using methyl, 
orange as an indicator. 

Calculation of Results . — The initial constant reading of the tempera- 
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ture of the calorimeter system subtracted from the final constant read- 
ing after the burning of the substance gives, after applying thermometer 
corrections, the total rise in temperature of the system. This rise multi- 
plied by the weight of water (plus the hydrothermal equivalent of the 
apparatus) gives the total number of Calories liberated. From this is 
subtracted the heat resulting from the ignition (electrical energy and com- 
bustion of kindling material, such as cotton thread or iron wire) 
and from the formation of nitric acid. The result, divided by the weight 
of the substance, gives the number of Calories per gram of substance. 

The water equivalent of the calorimeter system was determined by us 
by burning known amounts of cane sugar (rock candy), the heat of com 
bustion of sugar being taken as 3957 Calories per gram. 1 The;amounl of 
water used in our calorimeter has, for convenience in calculating, been 
such that the weight of water plus the hydrothermal equivalent is equiv- 


alent to 2500 grams of water. 

Specimen Combustion. 

(‘.Tams 

Cane sugar: Weight of substance taken. . 1 2905 

Weight of water in calorimeter 2125 8 

Hydrothermal equivalent 374 2 


2 500 o 


Time. 

Temperature Temperature 

of calorimeter oi water 

water. jacket. 


3-30 

18.430° 

18.36° 


3-31 

18.430 

18.38 


3 32 

18.430 

18.38 

Electric heater on for 55 seconds 

3-33 

18 . 43 ° 

1S.66 

at 3.32.15. 

Ignition at 3.33. 

3-34 

19.200 

19.60 


3-35 

20.420 

20.33 


3 - 3 « 

20.478 

20.45 


3 *37 

20.479 

20.46 

Room temperature, 20. 7 °. 

3-38 

20.479 

20.49 


Thermometer correction . 

20.479° 

-18.430 

2.049° 

■fo.008 

Ignition heat — 27.5 cal. 


- 


HNO, = 7.5 cal. 

Total rise 


2.057° 


2.057 

0 X 2500 g. 

- 5143 cal. 


31 43 ' 

35 

— 5108 cal. 


5108 

+• 1.2905 

» 3958 cal. per gram. 


1 This value is that found by Fischer and Wrede, Siizungsberichte d, Koniglich. 
Preuss . Akad. d. Wissenschafien, 5, 129 (January, 1908). If later investigation gives 
another more accurate result, the results obtained assuming 3957 as correct may he 
revised by proportion* 
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The apparatus here described has proved very efficient, and we are 
able to obtain very satisfactory duplicate results in two combustions of 
the same substance. Practically no trouble is experienced in obtaining 
a constant temperature of the calorimeter system either at the begin- 
ning or end of a combustion; in fact, with the room temperature even 5 0 
higher than that of the calorimeter water, constant readings have been 
obtained. With this calorimeter, the time required for a combustion 
is much less than usual, inasmuch as long preliminary and final periods 
are avoided and the calculation is materially simplified. 
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i. Introduction. 

In order to determine the maximum amount of work which can be 
obtained from a given amount of heat by a fall in temperature, Carnot, 
in 1824, performed an “imaginary experiment, ” the Carnot Cycle. In 
performing this “experiment ” Carnot made use of the simplest and 
most familiar example of a mechanism for obtaining work from heat, 
the cylinder and piston of the steam engine. He realized clearly that 
in order to obtain the desired relation he had only to imagine a mecha- 
nism which could operate under the most ideal conditions, one which rep- 
resented the limit approached by all actual machines of the same class, 
as the losses due to friction, heat radiation and conduction, incomplete 
external compensation, etc., became indefinitely small. The reversible 
cyclical process thus invented by Carnot and later slightly modified by 
the work of Clapeyron and of Clausius, constitutes to-day the basis for 
the derivation of the mathematical formulation of the Second Law of 
Thermodynamics. Resting upon this law, the whole structure of thermo 1 
dynamics has since been built up. 

In the process of construe ting our systems of thermodynamic chemistry/ 
two general methods may be distinguished. The first of these, the ana- 
lytic method, starts with Clausius* formulation of the Second Law in berms 
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of entropy. The manner in which the entropy function might be used 
with advantage by the chemist was first illustrated by Horstmann, who 
applied it to many problems in chemical equilibrium. The later advo- 
cates of the analytic method, however, have not found it convenient 
to restrict themselves to the entropy function, but have defined and 
made use of a number of other thermodynamic functions. Willard 
Gibbs, in his masterly contributions to thermodynamic chemistry, de- 
fined four of these functions, his s, 0, y and £ functions; the £ function, 
or the so-called Gibbs thermodynamic potential, being the one most 
commonly employed to-day. The system invented by Gibbs has been 
followed by Duhem, Planck, van der Waals, van Laar, and others, usually 
however receiving some modification at the hands of each investigator. 
Thus Planck, instead of using Gibbs’ Zeta function, prefers another poten- 
tial which he defines as equal to -£/T\ where T is the absolute tempera- 
ture; and recently G. N. Lewis has constructed a very simplj analytic 
system of thermodynamic chemistry by introducing two new functions, 
the fugaeity, l F, and the activity, which are connected with each other 
by the equation, l F ~ $RT, and whose i elation to Gibbs* Zeta function 
is expressed by the equation £ = RTlnV -f /(T), Although here classed 
among the analytic methods, this system owes a large part of its increased 
simplicity to the fact that its fundamental equations are derived by em- 
ploying the second general method instead of starting with the entropy 
function as might have been done. 

The second general method of constructing a system of thermodynamic 
chemistry is the Carnot method, or, as it is usually called to-day, the 
cyclical process method. This has been the favorite method among 
chemists, and to it we owe most of our advances in this branch of chemis- 
try, as illustrated by the work of such men as van’t Hoff, Ostwald, Ar- 
rhenius and Nernst. It is the simplicity of the processes involved in this 
method and the consequent protection against error which constitute 
its great advantages over the more intricate and abstruse, but yet mt 
necessarily more rigorous methods based upon the entropy and thermo- 
dynamic potential functions. This has been well stated by Mach in his 
comment upon the discoverer of the second law: “Carnot, by whose ideas 

the whole of thermodynamics is ruled to-day, affords us the most 

pleasing picture of a genius who, without apparent exertion and without 
the labored application of intricate and cumbersome scientific methods, 
but solely through the consideration of the simplest processes, is able, 
aftnost without effort, to perceive the most fundamental truths/’ 

The cyclical process method of deriving thermodynamic equations as 
applied by many of its advocates has been the subject of considerable 
adverse criticism mainly upon two grounds; (i) As usually carried 
out, the cyclical process consists of a series of steps, usually four, in each 
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of which certain amounts of work and of heat are involved, the desired 
result being obtained by combining properly all the work and heat terms 
of the various steps in the cycle. The complete process is consequently 
rather long in some instances and is regarded by some winters as very 
cumbersome compared with some of the corresponding analytic meth- 
ods. (2) In writing down the work and heat terms for the various steps 
of the cycle, it is customary to introduce some assumption such as the 
perfect gas law or one of the laws of dilute solutions, with the result that 
a rigorous, purely thermodynamic equation is not obtained, but only an 
approximate one containing one or more arbitrary assumptions. The 
possibility of introducing these assumptions is the most serious objec- 
tion which can be offered to the cyclical process method, as carried out 
at present. So general is this practice, that in the text-books employ- 
ing this method one looks almost in vain for exact thermodynamic equa- 
tions such as those relating to chemical equilibrium, for example. 

In the following pages a modification of the Carnot method will be de- 
scribed which eliminates completely both of these objections: (1) the 
cycle is reduced to a single step and the desit ed relation can be written 
down simply bv inspection; (2) the differential equation so obtained 
will always be entirely rigorous because it is impossible to introduce 
into the process any assumptions except the Second Law of Thermody- 
namics. This gain in simplicity and exactness is accomplished by join- 
ing together the various pistons of the ordinary cycle so as to form a 
single complete engine which we shall call the Perfect Thermodynamic 
Engine. After describing the construction and operation of this engine, 
its application will be illustrated by using it in ordet to derive a number 
of the more important relations of thermodynamic chemistry. While 
the treatment of the subject in the following pages must necessarily 
be rather concise, it can, 1 believe, be followed easily by any chemist 
familiar with the elements of thermodynamics and the calculus. 

2. The Perfect Thermodynamic Engine. 

Figures i, 2 and 3 illustrate different types of the engine, the essential 
parts of which are the following (see Fig. 1) : 

Two reaction chambers (E and E') contain the system under considera- 
tion. Each chamber is placed in a reservoir (R and R') of infinite heat 
capacity for the purpose of maintaining a constant temperature within 
the chamber. Each chamber is fitted with a set of cylinders (A, B, D, 
D', etc.) w r hich connect with it through suitable semipermeable 
membranes ) aa, a 'a'. The cylinders are fitted with frictionless pistons 
(A, B, D, A', B', D', etc.), some of which are semipermeable, others im- 
pefmeable. Each corresponding pair of pistons is connected by a rigid 
piston rod, thus forming a compound piston (AA', BB', DD', etc.). The 
piston tods have zero heat capacities and are non-conductors of heat and 
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electricity, and the two reservoirs, R and R', are otherwise insulated 
from each other so that no irreversible transfer of heat can take place 
between them. During the operation of the engine the following condi- 
tions must be fulfilled: (i) The two reservoirs must never differ from 
each other, in temperature, by more than an infinitesimal amount; when 
such a difference exists, the temperature of R will be designated by T 



Fig. i. 


and that of R' by T + dT; (2) The pressure difference against the two 
heads of a compound piston must never exceed an infinitesimal amount; 
the pressures exerted against the pistons of £ will be designated by p, 
P, etc., those exerted against the pistons of E', by p + dp, P + dP, 
etc. The operation of the engine consists in the movement of the coca- 
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pound pistons through finite distances, accompanied by corresponding 
processes which take place within the reaction chambers. Other condi- 
tions which must be fulfilled during this operation are (3) that each com- 
pound piston must always move so as to produce the maximum amount 
of external work, there being applied to it a compensating external pres- 
sure substantially equal to the pressure difference on the two piston- 
heads; and (4) that the rates of motion of all the pistons must be so regu- 
lated that the equilibrium within the reaction chambers remains undis- 
turbed. In other words, the engine must operate reversibly. 

By the Second Law of Thermodynamics, the following two theorems, 
regarding the work produced during the operation of the engine, are 
true: 

Theorem I . — The total work produced during the isothermal operation 
(temperature of R ~ temperature of R') of the engine is equal to zero. 

Theorem II . — When the engine operates as a beat engine (temperature 
of R = 7', that of R' — T -f dT) % the total work produced is equal to 
Q ( JTjT , where Q is the heat absorbed from reservoir R'. 

It should also be noted that the algebraic expression for the work 
produced by any compound pis Ion during the operation of the engine 
will have a positive sign when the motion is from right to left and a nega- 
tive sign when the motion is from left to right. Since one complete 
* ‘operation M of the engine, as we shall use the term, is not a complete 
cycle, it will be necessary to demonstrate the truth of these two theorems. 
This w'ill be done in the next section, in which certain other details con- 
cerning the construction and operation of the engine will also be de- 
scribed. 

3. The Vapor Pressure of a Pure Substance. 

The equilibrium between vapor arid liquid (or vapor and solid) in a 
one-component system may be altered: (1) by changing the total pres- 
sure on the liquid (or solid) phase at constant temperature; (2) by chang- 
ing the^temperature of the system while keeping the pressure on the 
liquid (or solid) phase constant; or (3) by changing the temperature of 
the system and at the same time allowing the total pressure on the liquid 
(or solid) phase to vary in such a manner that it is always equal to the 
vapor pressure. We shall make use of the perfect thermodynamic en- 
gine in order to determine the separate effects of these different factors 
upon the vapor pressure of a pure liquid. The treatment for the case 
of a pure solid is perfectly analogous. 

The Pressure Coefficient (T » const.).— We shall use the engine shown 
in Fig. i> omitting, however, pistons and cylinders BB', The arrange- 
ment of the engine is as follows: 

Chamber E : Filled with the liquid whose vapor-pressure, acting through 
the membrane aa (permeable to vapor only) against pistdn A» is p. Total 
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pressure on liquid, acting against piston D, is P . Temperature of R «* T. 

Chamber E': Exactly as E except that the total pressure on the 
liquid, acting against piston D', is P + dP and the vapor-pressure, act- 
ing against piston A', is p 4- dp. 

To operate the engine allow piston AA' to move reversibly toward 
the left until one mol of the vapor in cylinder A condenses through the 
membrane into chamber E and an equal volume v is evaporated from 
chamber E' into cylinder A'. At the same time and at such a rate as 
not to disturb the equilibrium in either chamber, piston DD' moves re- 
versibly toward the right through* the volume V occupied by one mol 
of the liquid under^the pressure P . The work done by piston AA' is 
vdp, and that done by piston DD' is — VdP . By the Second Law (i. e., 
Theorem I) the total work is equal to zero, which gives us the equation 

vdp — VdP - o (i) 

or 

&P/<>P) T ~VIV, ' (2) 

an equation first obtained by Poynting. 1 

If the vapor obeys the perfect gas laws, equation (2) assumes the form 
(din pl*P) T ~ V 0 (i aP)/RT ' (3) 

where V Q is the molecular volume of the liquid under zero pressure and 
a is the mean coefficient of compressibility of the liquid as defined by the 
equation, a = (V 0 — V)/V 0 P. The equation can now be integrated. Since 
the right-hand member of equation (2) is necessarily positive, the vapor 
pressure always increases with increase in pressure on the liquid phase. 
The coefficient, (dpj’dP) T , is small for temperatures considerably removed 
from the critical temperature (thus for water at o°, (bp/bP) T ,^ 73 o « 
3.6 • io“* mm. per atmosphere) but increases with the temperature and 
becomes equal to 1 at the critical temperature. 

Proof of Theorem I. — We have assumed Theorem I in writing equation 
(1). In order to demonstrate* the truth of this theorem for the present 
case, it is only necessary to show that the engine can be restored to its 
original condition without leaving any residual effect in the surroundings. 
Turning, therefore, to our engine after the completion of the operation, 
we notice that as regards the vapor, the final state of the system differs 
from its original state in that we have (in cylinder A') 1 + dx mols of 
vapor occupying the volume v under the pressure p + dp instead of 
having (in cylinder A) 1 mol of vapor occupying the volume v under the 
pressure p. This means that while only one mol of liquid has been pro- 
duced in chamber E, 1 + dx mols of liquid have been evaporated from 
chamber E', dx being obviously expressed by the relation dx « $x/’bp) v7 dp. 
But the removal of this dx mol of liquid from chamber E' would, unless 

1 Poynting, Phil Mag, . [5], 12, 32 (1S81). 
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compensated in some manner, cause a corresponding change in the 
total pressure in this chamber, because it will be remembered that dur- 
ing the operation of the engine, piston head D' moves toward the right 
simply through the volume V of one mol of liquid under pressure P, 
not through the volume of j | <h niols of liquid under the pressure 
P *f dP. To avoid this pressure change a little device, X (not shown in 
Fig. i, but shown in Fig. m), acts automatiealh during the operation of 



the engine to maintain a constant pressure in chamber E'. This device 
applies the constant pressure P 4 dP to a little auxiliary piston, tt', 
which, during the operation of the engine, gradually introduces reversi- 
bly into chamber E', such an amount, dx' mol, of liquid as suffices to 
maintain the constant pressure P 4- dP within this chamber. During 
this process (which we need|pot consider as a part of the “ operation'’ 
of the engine for reasons stated below) the device X gives out the energy 
(P + dP)dV f . 





4U 


GENERAL, PHYSICAL AND INORGANIC. 


As soon as the “operation” of the engine has been completed, another 
automatic device (shown in Fig. in) immediately acts to restore the sys- 
tem to its original condition. This device is the little compound piston 
ss\ The head s' rests against a slider which separates it from cylinder 
A' and which at the conclusion of the ‘ 4 operation ” of the engine slides 
back so that the vapor pressure p ± dp acts against the piston head s'. 
Below the piston head s is contained dx mol of vapor at the pressure 
p separated from cylinder D by a semipermeable membrane and by an 
impermeable slider which on sliding back puts the dx mol of vapor 
into communication with the liquid in cylinder D, with which it is in 
equilibrium. The action of this device is as follows* When the “opera- 
tion” of the engine lias been completed the one mol of liquid in cvlinder 
D and the i 4* dx mols of vapor in cylinder A' are automatically cut off 
from the rest of the engine (as shown in Fig. m), the little sliders at s 
and s' move back and piston ss' moves downward drawing <Jx mol of 
vapor out of cylinder A' (the pressure consequently dropping to p) and 
condensing it as liquid into the one mol of liquid in cylinder D, whose 
pressure thereby is raised to P 4* dP. At the same time 2 the little piston, 
7 r, which is attached to the device X moves downward through the vol- 
ume dV'. The system is now in its original condition, i . c., we have l 
mol of vapor under the pressure p and i -} dx' mols of liquid under the 
pressure P 4 dP , which was the condition of the system before the opera- 
tion of the engine. 

Let us consider the work produced by the action of these various auto- 
matic devices which serve to restore the system to its original condition. 
The piston ss' moves through the volume dv under the pressure dp and 
therefore performs the work dp dv, which is a differential of the second* 
order and consequently negligible. During the movement of the little 
piston it the device X takes up the energy (P 4 dP)dV'. But this is 
the same amount of energy which it gave out previously to piston n'. 
The operation of the device X, therefore, involves no work. The total 
work involved in restoring the system to its original condition, after 
an “ opera tion” of the engine, is therefore made up of differentials of a 
higher order than the first and is consequently entirely negligible in 
comparison with the work performed during the “operation” itself* 
Although we hate shown this to be true only for the simple case just con- 
sidered, it is cIot* that it must also be true for any engine of this type, 
in which the intensity factor of some form of energy is different in the 
two chambers because of a difference dP in the total pressures on the 
chambers, and whose operation consists in removing one or more sub- 
stances from one chamber and forcing thei#tato the other by means of 

8 Strictly speaking, the movement of piston sr should not begin until such a portion 

the dx mol has been forced into D, as suffices to raise its pressure to P 4 df\ 

§ 
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compound pistons moving in a manner analogous to the simple case just 
considered. Theorem I is therefore true . 

The Temperature C Deficient (P - const .). — Let us now consider the 
effect of temperature changes upon the vapor pressure of a liquid which 
is under constant external pressure P , such changes as would occur for 
example on heating the liquid in an open vessel exposed to the atmos- 
pheric pressure. As in the previous case, we will make use of the engine 
shown in Fig. i, omitting evlimier BB' The arrangement is as folllows: 

Chamber E : Filled with the liquid whose vapor pressure acting through 
the setnipermeahle (?. c., only to the vapor) membrane against piston 
A is p. Total pressure on liquid, acting against piston D, is P. Tempera- 
ture of R -= T. 

Chamber E': Exactly as E except l hat the temperature of R' is T *f 
dT and the vapor piessure, acting against piston A', is p -f dp. 

The operation of the engine is the same as in the preceding case. Pis- 
ton AA' moves reversibly toward the left under the pressure dp, until 
i mol of the vapor in cylindei A is condensed into E and an equal vol- 
ume exapotated from E' into c\lind«r A'. Piston DD' moves toward 
the right, under zeio pressure, through the volume V occupied by one 
mol of the liquid, in E. The work done by piston AA' is vdp, that done 
by piston DD' is /* to. W e ha\e, theiefore, by the Second Law ( i. e. f 
Theorem 11 ), 

vdp L p dTjT ( 4 ) 

or 

0 WT) p -l p !vT, (5) 

an equation previously obtained b\ LeuL 3 

L p) the heat absorbed fiom reservoir R', is the molecular heat of vapor- 
ization of the liquid undei constant pressuie. Since this is a positive 
quantity, the vapor pressure always ineicases with rise in temperature. 
If the vapor behaves as a perfect gas, we can put v-RT!p in equation 
(5), which gives us 

(din prbT) p :-L p !RT* (6) 

To integrate, it is only necessary to express L p as a function of 7\ 
which can be readily done by means of the thermodynamic l'elation, 

*L P /*T - - v -C pi (7) 

where c p and C p are the molecular heat capacities of vapor and liquid 
respectively, under constant pressure. 4 

Proof of Theorem II. — Let us now return to our engine and compare 
its final state with its initial state. As regards the vapor we have (in 

* Proc, Amer. Acad., 37, 53 (1901); Z. physik. Chem 38, 205 (1901). 

4 Equation 7 also contains the assumption that the vapor behaves as a j>erfect 
gas. The purely thermodynamic equation for the temperature coefficient of Lp is 
(dLp/d T)p « cp — Cp -f Lp/T — (Lp/ v) (dv/b T)p. (7a) 
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cylinder A') i f dx mols of vapor occupying the volume v at the tem- 
perature T 4- dT and pressure p + dp instead of having (in cylinder A) 
i mol of vapor at the temperature T and pressure p. dx is defined by 
the equation dx = Cdx(bp) vT (dp/dT)pdT f (d\/YT) r p dT, and may, 
in general, be either positive or negative since the second term of 
this expression is essentially negative, i I- dx mols of liquid have 
consequently evaporated from chamber E' during the operation and in 
order to prevent a consequent change in pressure in this chamber, the 
automatic device X acts just as in the preceding case to introduce d \ 
mol of liquid into E', replacing that which evaporates into cylinder. A', 
and thereby performs the work PdV, 

At the completion of the operation of the engine, the i -f dx mols of 
vapor are cut off from cylinder A' and brought into reservoir R, where- 
upon the temperature returns to / . By means of the piston ss' (Fig. 
i a) dx mol is then removed from it (its pressure thereupon falling to 
p) and condensed into the 1 mol of liquid which has been cut oft from 
chamber E and whose pressure is therebv raised to P dP. The work 
involved in this operation is that done by piston ss', * which is dpdv . 
The one mol of liquid is now brought into reservoir R' (whereupon its 
temperature returns to T -} dT) and is connected to the device X, which 
removes dx mol from it, its pressure thereby falling to P. The whole 
system is now in its original condition. The work absorbed by the de 
vice X in this last step is PdV , the same amount which it previously 
gave out. Therefore the restoration of the system to its original con- 
dition after the operation of the engine does not leave any residual ef- 
fects in the surroundings as far as work is concerned. As regards the 
heat absorbed from reservoir R' during the restoration, it is clear that* 
since the temperature change is infinitesimal, the heat absorbed must be 
a differential quantity and consequently negligible in comparison with 
the finite amount of heat L p absorbed during the operation of the en- 
gine. Theorem IT is therefore true. 

These two examples suffice to show that the restoration of the system 
to its original condition after the operation of the engine involves no 
work or heat terms which need to be considered. The whole effective 
work of the process is therefore performed entirely by the compound 
pistons of theengine and we may therefore, in the future, confine our 
consideration se$§y to these pistons and apply Theorems I and II di- 
rectly to them. The various automatic devices which have been de- 
scribed for restoring the system to its original condition are understood 
to be a part of every engine, but since their action does not involve any 
work it will not be necessary to pay any attention to them in the future. 

The Temperature Coefficient (P * p ). — The latent heat of vaporiza- 
tion of a liquid is usually determined by condensing (in a calorimeter) 
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the vapor of the boiling liquid. Under these conditions the liquid al- 
ways vaporizes, not under constant pressure at all temperatures, but un- 
der its own vapor pressure at each temperature. The temperature co- 
efficient of the vapor pressure under these conditions can be at once 
written down, by using the engine shown in Fig. i. The arrangement 
is exactly as in the preceding case except that the pressure against piston 
D is p and that against piston D' is /> + dp. The operation is the same 
as before and we obtain at once the relation 

vdp- - Vdp -- L p dTjT (8) 

or 

(bpIbT rl , p L^x -\)T (9) 

which is the familiar Clausius-Clapeyion equation. 

Lj , and /, the latent heats of vaporization of a liquid under the pres- 
sure P, and under its own vapor pressuie, />, respectively, will not differ 
much unless the difference between P and p is large or the difference be- 
tween v and V is small. In the case of water, for example, if P =* i 
atmosphere, the difference between L p and L could never exceed 0.005 
per cent. L { , is the one which is usualh delta mined experimen tally, 
but A. W. Smith* has recently made a very accurate determination of 
L p by bubbling air through water, the temperature of which was kept 
constant by electrical heating. 

Solid! iqiud JCqiuhlo 1 mn lly tilling the chambers of the engine with 
a pure solid and the c\lindeis with the pure liquid in equilibrium with 
it, we can stiuh the effects of temperature and pressure upon such a sys- 
tem, in exactly the same way as for the liquid-gas or solid gas equilib- 
rium described above, the equations obtained being identical in form 
with those just derived 

4. The Homogeneous Physical Mixture. 

In this section we shall make use of the perfect thermodynamic en- 
gine in deriving the equations expressing the effects of pressure, composi- 
tion and temperature upon the partial vapor pressures and the osmotic 
pressures for any homogeneous physical mixture. Before taking up 
the derivations, however, it will be necessary to define accurately the 
term “osmotic pressure' * as we shall use it. 

Consider any homogeneous liquid mixture of n components (A, B, C, 
etc.) under the external pressure P. Let us take any one of the com- 
ponents, A for example, in the pure liquid state and subject it to such an 
external pressure P A that its vapor pressure shall be equal to its partial 
vapor pressure from the mixture. If now the pure liquid A be placed in 
communication with the mixture through a membrane permeable only 
to A, the system will be in equilibrium as respects the passage of A into 
* Phys . Pev H a$, 145 
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or out of the mixture. The difference between the pressures P A and P 
is called the “osmotic pressure/’ For the simplest type of mixture it 
depends only upon the specific volume and compressibility of the pure 
substance A and upon its mol fraction in the mixture, for a given value 
of T and P. It would seem preferable therefore to speak of this pressure 
difference as the “osmotic pressure” of the substance A, since it is essen- 
tially determined by the properties of this substance. Principally on 
account of historical reasons, however, it is customary to speak of this 
pressure difference as the “osmotic pressures” of all the other compo- 
nents of the mixture except the substance A. In what follows it is essen- 
tial that this pressure difference shall be referred directly to the substance 
which is present in the pure liquid state, and we will therefore speak of 
it as “the osmotic pressure referred to A as the solvent” or, briefly, as 
“the osmotic pressure referred to A.” In any homogeneous (gaseous, 
liquid or solid) mixture , therefore , the osmotic pressure II A referred to any 
constituent , A, is defined by the equation , II ^ - P — P A , where P is the 
external pressure on the mixture and P K is the external pressure on the pure 
substance A (in the same state of aggregation) when it is in equilibrium with the 
mixture through a membrane permeable only to itself A 

The following treatment, together with the equations obtained, is 
equally applicable to a solid, liquid or gaseous homogeneous, physical 
mixture of any number of components, but in developing our equations 
we shall find it convenient to fix our attention upon a homogeneous liquid 
mixture of say four components. The composition of the mixture is 
expressed by the equation A r A -f N n F ;V M -I A* --- i, where N x represents 
the mol fraction of any constituent X. The mol fraction of any constitu- 
ent (A, for example) is defined by the equation X A *~nJ(n A f 
where n Af n Bf etc., represent the number of mols of the various constit- 
uents in any given quantity of the mixture. 

The Pressure Coefficient (N, T - const .). — t. Vapor Pressures: Using 
the engine shown in Fig. 2 , the arrangement is as follows (Temperature 
of R — temperature of R' « T) : 

Chamber E: Filled with the liquid mixture under the total pressure 
P applied by means of piston D. The partial vapor pressures of the 
various constituents (each acting through a membrane permeable only 
to its own vapor), are, p A acting against piston A, p B against B, p M against 
M, and p N against N. 

Chamber E': Filled with the liquid mixture under the total pressure 
P + dP applied by piston D', the partial vapor pressures being p A + 
dp A acting against piston A', p u + dp n against B', /> M -j- dp M against 
M' and p u 4* dp N against IT'. 

f This definition is essentially the same as that given by A. A. Noyes (2. phystk * 
35# 7®7 (iqoo)). Its advantages over the more common one will become evi* 
4ggj$£* we proceed. 
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At the beginning of the operation each of the four vapor pistons is at 
the right-hand end of its stroke, so that piston heads A', B', M', and IT 
are in contact with the semipermeable membranes separating the cylin- 
ders from E'. The operation of the engine consists in the simultaneous 
movement of all four vapor pistons toward the left until i mol of the 
mixture has been evaporated from E' and condensed into E. At the same 
time piston DD' moves toward the right through the volume (EF) of 
one mol of the liquid mixture. By the Second Law (Theorem I) the 
total work is equal to zero, giving us the equation, 

dp* "h A 1* A N i' N d/> N (LVjdP — o ( 10 ) 

or 

^ 1 ( TI ) 
which for brevity we shall write in the form 

[&N A v$p A )/*P\^ «f2F) (12) 

hi these equations Y x is the volume of one mol of the substance X 
in the vapor state under the pressuie p . 

2 . Osmotic Pressures: If the cylindeis contain the pure components 
in the liquid state instead of the gaseous state the respective partial pres- 
sures are osmotic pressures instead of vapor pressures, and allowing the 
engine to operate as before, we can write down at once the equation 
[(S.V A l\dII A ;/d7>] NT ^ (SAT) ( 13 ) 

in which V A , \‘ Vt , etc., represent the molecular volumes of the pure sub- 
stances A, B, etc , in the liquid state under the pressures P-- 17 A , P - 
IIjp etc., respectively/’ 

The Composition Coefficient (P, 7 -- const.). — i. Yapoi Pressures: 

We shall now proceed to determine the eiTect of a slight change in the 
composition of a mixture, upon the partial vapor pressures of its con- 
stituents, Let us change the mol fraction of constituent A, for exam- 
ple, from N a to A r A 4 (IN a The arrangement of the engine is exactly 
as in the preceding except that t he total piessure acting against D and 
D' is P for both chambers, the dp differences in the partial vapor pres- 
sures being due to the fact that the composition of the mixture in cham- 
ber E' has been altered by the addition of dN A mols. of A. The opera- 
tion of the engine is exactly as above and we have by the Second Law 
(Theorem I), 

7 The expression ( 2'NV ) is used to represent the volume of one mol of the mix- 
ture because this volume may be regarded as equal to the sum of the partial volumes 
of the Components as expressed by the equation N A V A -f N B V K -f N M V M -f A 7 n Pn 
2WV, in which V A , r B » etc., represent the partial molecular volumes of the respective 
constituents in the mixture. The partial molecular volume of any constituent is 
equal to the increase in the volume of an infinite amount of the mixture when one mol 
of the constituent is added to it. Similar relations may be stated for the quantities 
(ZiVL) and (2'ND) which appear in equations (x8) and (19), 
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N A v A dp A + N B v B dp B -I- N M v u dp M + AV N # N » o, (14) 
or 

\C2N A v A *p A )/<>N A ] P ' T = o. (i 5 ) 

2. Osmotic Pressures: As in the preceding case, if the cylinders con- 
tain the pure liquid components the operation of the engine gives us 
the equation 

-[<av A v A a n A )/aAr A ] PiT ~o. (16) 

The Temperature Coefficient (P, N ~ const,). — i. Vapor Pressures: 
The arrangement and operation of the engine is exactly the same as in 
the preceding case except that the composition is identical in both cham- 
bers and the temperature of R * T* and that of R' «• T + dT. The 
Second Law (Theorem II) gives us at once the relation 
N A v A dp A + N B v B dp B 4- N M v u dp M + .V N r N J/> N = (2NL)dT/T (17) 
or 

[(Z/V a t^ a )/c> 7 V ai - ( 2A7 .)/T a ,(18) 

where (2 NL) is the latent heat of vaporization of one mol of the mix- 
ture at constant pressure and composition. 7 

2. Osmotic Pressures: With the pure liquids in the cylinders we ob- 
tain the equation 

•-[( s 'V A K A dn A )/ar] p ,. v « (SNii)/T (19) 

where (2iVZ?) is the latent heat of separation of one mol of the mixture 
into its pure liquid components under equilibrium conditions. Its ex- 
act meaning is clearly evident from the operation of the engine. 7 

Discussion. — The equations which we have just derived involve noth- 
ing but the two laws of thermodynamics and they contain ah in- 
formation which thermodynamics alone is capable of yieldiug r * 

the relations existing among the partial vapor pressures or ostr 
sures for a homogeneous mixture. We shall not, in the pres' ' . 

discuss these important equations further, although many in cj 
examples of their transformations and applications in special cases pre- 
sent themselves. It will be sufficient to note here that if the vapors be- 
have as perfect gases, the vapor pressure equations assume the forms 

((SAT A dlnp A ) /d P \ NT - (2 NV)/RT, (20) 

f$top A )/bN x ]p T = o, (21) 

and 

[CZN A blnp A )/')T] N , P - (ZNL)/RT\ (22) 

The equation of Duhem-Margules for the partial vapor pressures of a 
binary mixture is a form of equation (21). It will also be noticed that 
the equations derived in section (1) for a pure substance are special forms 
of these equations for a one-component system. 

By making the two chambers of our engine infinite in volume and re* . ; 
moving only, one constituent we can obtain the following equations 
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the partial vapor pressure or osmotic pressure referred to one constituent 
alone, 

&PJ*htr.T-vjv A . (23) (an A /w% i7 -“— f a /v’ a . (23a) 

&Pa/*T) nj .- LJv k T (24; WUzT) XJj -.--D a / Va T. (24a) 

The absence of an equation for one constituent, corresponding to equa- 
tion (15), will be noticed. Thermodynamics is incapable of yielding 
any information concerning the changes in the partial vapor pressure 
(or osmotic pressure) of one constituent of a mixture, with a change in 
the composition of the mixture, other than the information contained 
in equation (15). 

Since 17 A may be either positive or negative, 7 the partial vapor pressure 
of a constituent of a mixture, unlike the vapor pressure of a pure sub- 
stance (see page 472), may be in some cases increased and in others decreased 
by incteasing the total pressure on the mixture. L v , the partial molecu- 
lar heat of vaporization of any constituent, A, is the heat absorbed when 
one mol of A is vaporized reversibly from an infinite amount of the 
mixture. If the vapoi obeys the perfect gas laws equation (24) be- 
conies 

<Wa/*T ) xj , - (L k - L\)/RT\ (25) 

where L A is the molecular heat of vaporization of the pure liquid A, and 
1 ) K is the heat absorbed when one mol of liquid A is mixed with an in- 
finite amount of the mixture. -1) A is obviously the ordinary molecular 
heat of dilution of a solution with one of its components, A. The equa- 
tion now contains only quantities which can be readily measured. 

In a similar way equation (241) for the temperatute coefficient of os- 
motic pressure can be put in a more practical form if we replace D A bv 
(D A — II a F a ), which is equal to it by the First Law. If we choose to re- 
fer the heat of dilution to unit, 'volume of solvent instead of to one mol 
we have?? - I) A /V A and equation (24 a) assumes the familiar form 
of the Helmholtz equation ^ 

(dn A /&7Vv = <H- q)/T. (2 6) V, 

5. Chemical Equilibrium: A. Homogeneous. 

Let us consider any chemical equilibrium, expressed by the equation 
aA 4- M3 + 7-^ w/M 4 nN 4* ... (27) 

in which a inols of the substance A react with b mols of the substance 
B, etc., to form m mols of the substance M and n mols of the substance 
N, etc. The substances entering into the reaction are in equilibrium 
with each other in any homogeneous phase and there may or may not 
also be present in the phase one or more other substances which do not 
take part in the reaction: a solvent or an indifferent gas, for example. 
As in the preceding section the composition of the phase is represented 
by the equation 
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N A + + + N Vl + N n + 4- N t 4 N 2 4 * i ( 28 ) 

where N x is the mol fraction of the constituent X, numercial subscripts 
referring to substances which do not take part in the chemical equilib- 
rium. 

Our problem is to determine in what direction and to what extent 
the chemical equilibrium is displaced by, ( 1 ) increasing the concentra- 
tion (i. e ., the mol fraction) of one of the reacting substances, ( 2 ) increas- 
ing the total pressure on the phase, and ( 3 ) increasing the temperature 
of the system. In deriving our fundamental equations, it will be simpler 
to fix our attention chiefly upon some particular phase, and we shall 
choose a gaseous phase, which, in addition to the reacting substances, 
contains also an indifferent gas which we shall call constituent, 1 . It 
would correspond to a solvent if we were dealing with a liquid or solid 
solution. 

* [The treatment of chemical equilibrium in a homogeneous liquid or 
solid phase is quite analogous, it being simply necessary to replace par- 
tial gas pressure p x by the osmotic pressure II X . It will be sufficient, 
therefore, in the following treatment, to indicate parenthetically (in brack- 
ets) the necessary changes in the process and the corresponding equations 
for these cases. ] 

Arrangement of the Engine . — We shall make use of the engine shown 
in Fig. 2 . The arrangement is as follows: 

Chamber E: ‘Filled With the gaseous mixture as described above, 
the composition of the mixture being represented by the equation 

N a 4 N b 4 • .4 N m 4 JV N 4 4 N t = 1 . 

The substances A, B . , M, N . . are in chemical equilibrium as expressed 
by the equation 

aA 4 bB 4 ... wM 4 wN 4 . . . 

The partial pressures of the substances taking part in the equilibrium 
^ t through suitable semipermeable membranes against the pistons as 
iollows: p A against piston A, p B against piston B, p M against piston M 
and /> N against piston N. The total pressure on the system is applied by 
means of piston D. 

Chamber E': Analogous in every respect to chamber E except that 
the equilibrium has been slightly displaced by some cause so that the 
partial pressures from this chamber have become p A 4 dp A against piston 
A', p B 4 dp B against piston B', etc. 

[For a liquid (or solid) phase in the chamber, the cylinders are filled 
with the pure substances A, B, M, N, etc., in the liquid (or solid) state 
and the pressures on the pistons are osmotic pressures, II A and II A 4 
dU A , n B and II B 4 dIl B , etc. ] 

The operation of the engine consists in the movement of pistons AA / 
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and BB' toward the left until a niols of A and b mols of B have been 
forced into E and drawn out of E'; and the simultaneous movement of 
pistons MM' and NIT' toward the right, removing m mols of M and n 
mols of N from E (as fast as they are formed by the reaction of A and B 



which are being introduced by pistons AA' and BB') and forcing them 
into E' (as fast as they are required to replace, by reaction, the A and B 
which are being removed by pistons AA' and BB'). The equilibrium is 
not disturbed in either chamber. The work done by pistons AA', BB', 
MM' and NN' is 

av K dp K + bv B dp s + — mv M dp u — nv n dp N 

or more briefly, 
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2 ± av A dp A [for liquid or solid, 2 * tfP A </II A ]. 

The ± sign indicates that terms relating to the reacting substances are 
to be taken with a positive sign and those relating to the products of the 
reaction with a negative sign. 

By the Second Law (Theorems I and II), this work is equal to (1) zero, 
or (2) QdT /T according as the displacement of the equilibrium in cham- 
ber E' is brought about by changing (1) the composition, or the total 
pressure, or (2) the temperature. We shall consider each effect sepa- 
rately. 

The Composition and Pressure Coefficients (P, T const, or N t T ** 
const). — Keep the total pressure and the temperature in E and E' the 
same and displace the equilibrium in E' by changing the mol fraction 
of (say) A from N A to N A + <PV A ; or , keep the composition and tempera- 
ture the same in both E and E' and change the total pressure on E' from 
P to P 4* dP by means of piston D'. In either case the operation of the 
engine gives us at once the equation 

av A dp A + bv B dp B + ... . »>r M dp M -nv s dp N -~ . = o (29) 


or 


/S*<wa8M 

V SN x ' P,T 
^avAdpA^j = „ 


N.T 


(3 f >) 

( 31 ) 


■( 


SW A dIl A \ 

Wa >p.t 

dp 


(30a) 


(*“)„ o (3M ,J 


These equations contain everything which thermodynamics alone is 
capable of teaching us concerning a chemical equilibrium at constant 
temperature. To proceed further it is necessary to know the functional 
relation between p and v for the system under consideration. To illus- 
trate, let us assume that this relation is pv — RT , i. e., the perfect gas 
law. Putting v x *» RT/p x for each substance in equation (30), the 
equation becomes 


RTdlti 


pi- Pi_ 
"kTn- 


-- o. 


(32) 


This equation can obviously only 

n - Pi ■ ■ 
Pm - 




= const. 


(33) 


which is the mathematical formulation of the law of chemical mass ac- 
tion in terms of partial pressures. It can be expressed in terms of mol 
fractions or volume concentrations by substituting p x * j\T x P or p x » 
C X RT, respectively, in equation (33), giving 
N a ,N b 

for constant p )< (34) 


and 
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C* . C b „ . . 

A- hi ~ K p (.RT) Ux = K c , (35) 

^ M • l 'N* * 

where Ax —the change in the number of mols which results from the 
reaction- - is written for (m -f n 4 . . — a — b — . . .). 

It is evident, from the preceding, that the Law of Mass Action for a 
gaseous phase (i. equation (33)) expresses the condition of chemical 
equilibrium only for a system in which the substances taking part in the 
reaction are all perfect gases. And of the perfect gas laws only those of 
Boyle and Avogadro are involved. It is not essential that the law of 
Gay-Lussac (?. e. f p — kT) be obeyed. To state, therefore, that any 
chemical equilibrium (in a gaseous phase or dilute solution) does not obey 
the Mass Action Law is simply to state that the pressure (gaseous or os- 
motic) of at least one of the substances concerned in the equilibrium 
does not obey the law of Boyle Avogadro. Notwithstanding the fact 
that this law has been shown to be both a necessary and sufficient condi- 
tion for the validity of (lie Law of Mass Action, the belief seems still to be 
held in some quarters that the latter law may after all have a wider and 
more general application. T. 13 . Robertson, for example, in a recent 
paper, 8 considers the conditions for chemical equilibrium in a system 
in which the equation p(v--d) — RT is obeyed instead of the perfect 
gas law. He concludes that such a system must also obey the Law of Mass 
Action. 0 This conclusion must be regarded as erroneous. The equa- 
tion />( t — d)~RT does not lead to the Mass Action Law but to quite a 
different expression, as will be evident by substituting v = RT/p 4 d f 
in equation (30) and integrating. This gives the relation 

RTlnfil . p* .. //>” . px ” = const. — 2 ± ap A d A (36) 

in which the last term represents the series 

■'M A + + • • —™pM d M~ n t'v d K— ■ ■ 

Similarly for each equation of state there is a corresponding law of chem- 
ical equilibrium but the Law* of Mass Action belongs only to systems obey- 
ing the Boyle- Avogadro law. 

The Temperature Coefficient ( P , N — const .). — Keep the composition 
and total pressure the same in E and E' and displace the equilibrium in 
E' by changing the temperature of R' from T to T -f dT. The opera- 
tion of the engine gives us the equation 

av K dp K + bv B dp R + . . . — m v M df> M — nv N dp N — . . . = QdT /T (37) 

or , 

*/. Physic . Chem., io, 522 (1907). 

• This conclusion seems to have been accepted by other investigators, apparently 
without question. It is quoted by the Earl of Berkeley ( Proc . Roy . Soc. f A79, 331 (1907)) * 
in support of certain conclusions regarding the application of van der Waals* equation 
to solutions and it is even beginning to appear in the text-books. See, for example, 
the last edition of Morgan's ‘"Elements of Physical Chemistry/* p. 239. 
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^avA?p A ) 


WaV A *Tl A \ 


P,[N- HD] 


r P.\N*-HD] 


where Q p is the heat evolved by the reaction when it proceeds from left to 
right according to equation (27) and does the maximum external work. 
If we assume the perfect gas law this equation becomes 

(din K p /bT) PN -= Q p /RT\ (39) 

where K p is defined by equation (33). We may substitute, K p *» 
K C (RT)* X (equation (35)) and Q p U — A xRT (by the first Jaw of 
thermodynamics) and obtain the familiar equation of van’t Hoff, 


din KJdT - U/RT\ (40) 

where K c is defined by equation (35) and U t the change in total energy, 
is the heat evolved when the reaction takes place (from left to right) 
without external work. 10 


6 . Chemical Equilibrium. B. Heterogeneous. 

The Composition Coefficient ( P , T ~ const.). — The arrangement and 
operation of the engine for this case are in general exactly the same as 
for the corresponding case of homogeneous equilibrium, except that 


10 General Equations. — The results just obtained for the effects of*com position, 
pressure and temperature can, if desired, be expressed in a single general equation. 
For example, suppose we wish to find a general equation by means of which AT N can be 
calculated for a given gaseous mixture at any temperature or pressure. We have the 
general expression 

dlniC N - (*\nK v /*P) r dI' + WnK*/*T) r dT. ( 41 ) 

From equation (34), by taking the logarithm of both sides and differentiating, we ob- 
tain 

(p\nK N /*P) T ~ A %/P. ( 43 ) 

From equations (34) and (39) we obtain 

(Mn K N /iT) P - (bln K P ;*T) P - Qp/RT 1 . (43) ' 

But by the first law of thermodynamics, 

Qp/RT* -U + AxRT/RT 2 - U A‘X» + A x/T (44) 

end 


U - £/, + A’(a h A )r. 

Consequently, 

(Mn K n /*T) p - Uo/RT * 4- I (a hJ/RT 4* Ax /T 
and combining with (41) and (42) we obtain finally, 

d\nK N = A xdP/P f UodT/RT 2 4 [-T(u/^ A ) 4- R Ax]dT/RT 
which, on integration, yields 

lnK N - In/ + A*)nP + ^44 f h Ax \ n r—- U ° 


( 45 ) 

(46) 

( 47 ) 

(48) 


or, written in the exponential form 

Uo 

K n - lT*P**e~ RT ( 49 ) 

in whicn / is the integration constant and b is written for (J(a h A ) 4- RAx)/R . This 
is Gibbs’ formula for gas dissociation, and has, I believe, heretofore never been de- 
rived except by the use of Gibbs’ thermodynamic potential. Van Laar even goes so 
far as to state (Stchs Vprtr&ge, p. 69) that it is not possible to derive it ig any Other 
way. f; 
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substances present in a second state of aggregation are not removed 
from one chamber and forced into the other during the operation of the 
engine, but are simply allowed to vaporize (or dissolve) in one chamber 
and condense (or precipitate) in the other as the reaction progresses. 
This, of course, necessitates the movement of the pressure piston, DD', 
through the corresponding volume change; but since it moves under 
zero pressure it does no work, and the differential equation obtained 
is therefore identical with the one. for homogeneous equilibrium with 
the omission of all terms referring to substances present in a second state 
of aggregation . These omissions may be indicated by placing the sym- 
bol (?) inside the summation sign. Thus in place of equation (30) [and 
(30 a) ] we have : 






1 ] (50a) 


It is customary to derive the laws of heterogeneous chemical equilib- 
rium, from the corresponding laws of homogeneous equilibrium - -the Mass 
Action Taw for example -bv assuming that the pressures or concentra- 
tions of substances present in a second state of aggregation are constants. 
While this gives the correct result and is a convenient aid to the memory, 
as a geneial method of proof it must be condemned, because the assump- 
tion upon which it is based is not only unnecessary but is apt to be mis- 
leading. This can be illustrated by considering a specific example. 

The law of the constancy of the solubility product for difficultly solu- 
ble substances which dissociate in solution is almost invariablv derived 


by first assuming the Mass Action haw and then assuming that the concen- 
tration of the undissociated portion is a constant so long as an excess 
of the solid phase is present. Now in the case of aqueous solutions of 
strong electrolytes, Stieglitz has recently called attention to the fact 
that since the Mass Action Law does not hold even approximately for 
these substances, any derivation based upon this law cannot be applied 
to their solutions. He therefore concludes n that there is no theoretical 


basis for the Solubility Product Law in the case of strong electrolytes. 

This criticism of the method of derivation in the case of strong elec- 
trolytes is quite justified, but the conclusion which is drawn regarding 
the lack of theoretical foundation for the law in these cases is unjustified. 
In order to derive the Solubility Product Law it is not only unnecesssary 
to assume the Mass Action Law but it is not even necessary to know what 


11 Stieglitz, This Joi/rnal, 30, 954 (1908). After recalculating Arrhenius’ solu- 
bility data and finding good agreement with the Solubility Product Law, lie concludes: 
“In view of these facts and also in view of the results of the complete calculation of 
Arrhenius* data on the solubility of the silver salts, which removed the last theoretical 
foundation for the solubility product constant, we may well consider it for the pres- 
ent to be an approximate empirical principle,” 
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the law is which regulates the equilibrium between the dissociated 
and undissociated portions of the dissolved solute. This can be made 
clear by applying the engine as indicated above (p. 487) to a saturated 
solution of a solute, BC for example, which dissociates in solution ac- 
cording to the equation 

BC B + C. 

We obtain at once the equation 12 

v B dn B + v c d\T c = o ( 51 ) 

where i/II in both cases may be either (bll/bN H )dN' B or (bll/bN c )dN c . 

If A and B are “normal solutes" and the solution is sufficiently dilute 
it can be readily shown that equation (51) takes the form 

Cb-'Cc = const . - (a 0 S 0 ) 2 (53) 

12 If the operation is carried out in the manner described in the preceding sec- 
tions, the cylinders of the engine will contain pure liquid B (resp. C) and (resp. 7r c ) 
will denote the difference in pressure upon the solution and the pure liquid B (resp. C) 
which is necessary to establish equilibrium; or as we have called it (see p. 47B), “the 
osmotic pressure referred to B (resp. C) as the solvent.” I11 ease B and C happen to 
be ions, some difficulty will doubtless arise in the minds of some readers as to the valid- 
ity of a process which makes use of a cylinder tilled with pure liquid ion*. It so, the 
arrangement of the engine can be easily changed so that the cylinders shall contain 
solutions of tlic ions separated from the chambers by membranes permeable only to 
the ion in question. The pistons then vould be permeable only to the solvent and 
the osmotic pressure resp. 7r c ') would be the ordinary osmotic pressure of the solute, 
in the present instance an ion. Thus, looking at Fig. 3 a moment, the movement of 
piston BB' toward the left would necessitate the How of pure solvent toward the right 
through piston B' into cylinder B' where it would dilute the solution of B-ion] con- 
tained in this cylinder. But this solution would then no longer be in equilibrium 
with the solution in chamber E' and the ion B 4 " would pass from E' through the semi- 
permeable membrane into cylinder B' until the equilibrium was restored. The mo-* 
tion of piston BB' toward the left would therefore result in drawing B+-ion out of cham- 
ber E' and forcing it into Chamber E, just as in the general case where the cylinders 
are filled with the pure liquids. Piston CC' would do the same for C-ion, so that we 
would obtain the equation 

P B .c/7r' B . 4- Vc’dn'c' o, (52) 

which is identical in form with equation (51) above and for dilute solutions leads to 
the same result when integrated. Thus if the ions are “normal solutes” and the solu- 
tion is “sufficiently dilute/' we can write for each ion 

n f «* CRT, dr. f « RTdC and V « i/C 

which gives us 

RTd In Cb-CV ■* o, 

or Cb-.CV * const =* (a 0 So) a . (53) 

The exact significance of the term “normal solute” will be treated more fully in a 
future communication, in which a set of equations for solutions will be derived with- 
out making any assumption regarding the concentration of the solution. The equa- 
tions for “dilate solutions” which are developed in the present paper will there be 
shown to be only special cases of a more general set of equations for solutions of any 
concentration. For the present the term “normal solute" may be understood to re- 
fer to any solute “whose osmotic pressure in dilute solution obeys the gas laws.” 
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which is the Solubility Product Law. S Q and a 0 are, respectively, the 
solubility of BC in the pure solvent and its degree of dissociation in this 
solution. Since the Solubility Product Law is found to hold, at least 
approximately, for solutions of strong electrolytes of the uni-univalent 
type, it is evidence that the ions in these solutions are approximately 
“normal solutes '* (i. c. } their osmotic pressures are proportional to their 
concentrations in dilute solution), and that the deviations from the Mass 
Action Law for strong electrolytes must be attributed chiefly to the fail- 
ure of the Boyle- Avogadro law in the case of the unionized molecules. 
This conclusion has been pointed out recently by A. A. Noyes, 13 who 
oilers a very suggestive provisional hypothesis to account for the abnormal 
behavior of the unionized molecules in such solutions. 

The Pressure Coefficient (AT, T « const.). — In the case of heterogeneous 
equilibrium, when piston DD' applies a pressure P to chamber E and 
P i dP to chamber E', the operation of the engine is accompanied by a 
motion of this piston through the volume change which results from 
the chemical reaction and a work term, A VdP, appears in the equation 
which was absent in the corresponding case of homogeneous equilibrium 
(q. v. p. 484). Otherwise the operation remains the same and the final 
equation obtained is in all other respects identical with the corresponding 
one for homogeneous equilibrium, but with the omission of all terms re- 
ferring to substances preunt in a second state of aggregation. Thus, cor- 
responding to equation (31) [and ( 3 icr) ] for homogeneous equilibrium, 
we obtain in the case of heterogeneous equilibrium the equation 



av A bp A 


) 


= AV (54) and 




The exact meaning of AV is clearly evident from the operation of the 
engine. It is equal to the increase in the total reaction volume of all 
substances present in a second state of aggregation, which results when 
the reaction proceeds from left to right in the sense of equation (27). 
This can be illustrated by considering some specific examples. 

Suppose the reaction under consideration is 

aA -1- bB 7"^ wM 4- «N (55) 

in which A and M are gases and B and N solids. Applying equation 
(.54) to this case, or better, using the engine directly, we obtain the 
equation 

av A dp A ~mv M dp u = A VdP. (56) 

AV here is obviously equal to the reaction volume of N minus the reac- 
tion volume of B. Now the reaction volume of N is «F N , where V N is the 

l * A. A. Noyes, This Journal, 30, 351 (1908). 
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molecular volume of solid N under the pressure P. Similarly the reac- 
tion volume of B is so that AV = nV N — 6F B . If we assume the 
perfect gas laws for A and M, equation (56) becomes 

RTdlnpi/p'* - (nF N -&F B )dP (57) 

or 

(din K p /*P) t , n « (nl/ N — 6V r »)//e7\ (58) 

Another example: Let us consider a solid BC in contact with its 
saturated solution in which it exists in a state of partial dissociation, 
the equilibrium between the solid and its dissociation products in solu- 
tion being expressed by the equation 

BC B + C. (59) 

How will an increase of pressure affect this equilibrium? Operate the 
engine so that solid BC dissolves in chamber E', under the pressure P + dP 
and its dissociation products are removed osmotically and aij, equivalent 
amount forced into chamber E, where they at once combine to form solid 
BC under the pressure P. This gives us the equation 

v B da n 4- v r c rfn c - a vdP, * . (60) 

in which AV is the decrease in volume which results when one 
reaction weight (= one mol in this case) of solid BC dissolves in its satu- 
rated solution. If B and C are “normal solutes” 12 and the solution is 
dilute it can be shown that equation (60) becomes 

RTd\n(a 0 S 0 ) 2 - A VdP (61) 

or 

[din (a 0 S 0 )VbPk. r - A V/RT (62) 

in which S 0 is the solubility of BC (expressed as mols per 1000 grams ot 
solvent) under the pressure P and a 0 is its degree of dissociation in the 
saturated solution. This is obviously an equation giving the pressure 
coefficient of the logarithm of the solubility product. 19 

The Temperature Coefficient ( N t P, = const .). — From what has been 
said in the preceding portions of this section, it is evident that the opera- 
tion of the engine for this case gives us the general equation 



(Wa^Pa 

Yf 


) 


N.P 


QdT 

T 


(b3), 



(3) 


uF A d II A 

Yr 


N.P 



• (63<*) 


We will reserve until some future time the further discussion of the general 
case, and will consider here a specific example, the temperature coeffi- 
cient of the solubility product for an electrolyte. 


19 In case B and C happen to be ions we may modify the operation of the en- 
gine as explained in note (12). In this case we shall, however, obtain the same final 
equations e., equation (62)). 
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Let us apply the engine directly: We have in both chambers a satura- 
ted solution of an electrolyte BC in contact with an excess of the solid. 
Chamber E is at T° and chamber E ; at T ~f dT°. The operation of the 
engine consists in the solution of one mol of solid BC in chamber E', 
accompanied by its simultaneous removal osmotically in the form of 
solutions of B-ion and C-ion by means of pistons B' and C', as described 
in note 12. The reverse process, of course, occurs in chamber E. The 
equation for the operation is (cf. eq. 52) . 

VV^ll'n. + V C 'dn a « QdTIT (64) 

If the ions as “normal solutes” and the solution is “sufficiently dilute” 
we can write for each ion, II' = CRT , dll' - RTdC b RCdT , and V - 
i/C, 

which gives 

RTdlnC lt .C c + zRdT - QdT/T, (65) 

or 

RT*d\n(a 0 S o y - (Q — *RT)dT, (66) 

or 

(din ( (x Q S 0 ) 2 fb T ) P jj ~ U/RT\ (67) 

U t the increase in internal energy, is equal to the heat absorbed when a 
f system composed of one mol of solid BC and iooo/2<v 0 .S 0 grams of pure 
solvent, both under the pressure P and at the temperature T, changes, with- 
out the production of any work, into a system composed of a solution 
of BC in which the solute exists onlv in the form of its ions. »Such a solu- 
tion cannot be obtained in reality but the corresponding heat effect 
can be measured, which is all that is necessary. It is perhaps worth 
while to consider a numerical example illustrating the use of equation 
(67) - 

Let us compare the directly measured value of U with the value calcu- 
lated by means of the expression 

2RT*(d\naJdT + d\nS 0 >dT) - U, (68) 

in the case of orthonitrobenzoic acid. The value of U for this acid ob- 
tained by calorimetric measurements at 20° is 4040 ± 100 cal. 14 The 
value of (dh\S 0 /dT) 20 o has been determined by Noyes and Sammet 15 and 
found to be 0*03335. From their conductivity measurements at 15 0 
and 25 °, we obtain a 15 o = 0.386 and a 2S 0 — 0.311, whence Aina/ At for 
this temperature interval comes out — 0.0216, which we shall take as the 

14 From a determination made in this laboratory by Mr. D, A. Maclnnes. We 
hope to extend this investigation in the near future and will therefore defer the de- 
scription of the method until its completion. 

14 Noyes and Sammet, Z. physik . Ckem. t 43, 529 (1903). 
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value of (dlna 0 /dT) 2o0 . Adding these values we obtain d\n(a 0 S 0 )/dT «= 
0.0118, which, when multiplied by 2RT 2 {i. e., 2 X 1.98 X 293 X 293) 
gives 4020 Cal. as the calculated value of U> which is in good agree- 
ment with the directly measured value. 

In interpreting their experimental results, Noyes and Sammet use 
the equation of van’t Hoff 16 for the temperature coefficient of the total 
concentration of a saturated solution of an ionized solute, namely, 

dlniS/dT - L/vRT 2 , (69) 

in which 1 ( = 1 + a) is the van’t Hoff coefficient. We would have ob- 
tained this equation, if in using the engine we had removed osmotically 
from chamber E' not simply one mol of the solute in the form 
of its ions but one mol of the solute in the form of both ions 
and undissociated molecules, in the proportions in which they ex- 
ist together in the saturated solution. Then, in order to obtain the 
equation in the above form, we should have had to assume that the un- 
dissociated molecules were “normal solutes’ 7 as well as th£ ions. In 
other words, the van’t Hoff equation involves an unnecessary number 
of assumptions. It is an equation which can be obtained by combining 
two equations, one involving only the ions (/. e., equation (67)) and an- 
other similar one involving only the undissociated molecules. 

The recent work of A. A. Noyes and his associates 17 has shown us the 
necessity for differentiating between ions and undissociated molecules 
with regard to their behavior as solutes. There is all the more reason 
for doing this since the assumption that they behave alike in this respect 
is quite unnecessary in the majority of cases. All of our equations for 
solution, which contain the van’t Hoff factor t, are derived on the assump- 
tion that both ions and undissociated molecules are “normal solutes.”* 
Consequently, if a given equation is found to be in agreement with the 
results of experiment, it does not necessarily mean that this assumption 
is correct, for agreement might still occur if both the ions and undisso- 
ciated molecules deviated, but in opposite directions, from the behavior 
of the normal solute. If the equation is not in agreement with the re- 
sults of experiment, it does not tell us whether the disagreement is due 
to the behavior of the ions or the undissociated molecules, or both. And 
yet it is quite possible to decide this question, for in nearly every case 
the equation containing the van’t Hoff i can be broken up into two sim- 
pler equations, one of which involves only the ions and the other only 
the undissociated molecules. An example of this occurs in the case of 
orthonitrobenzoic acid, described above. Noyes and Sammet found 
that the van’t Hoff equation (eq. (69)) was not in agreement with the 
results of their experiments with this acid. We have seen that equa- 

11 van't Hoff, Z. physik. Chem., 17, 147, 546 (1895). 

17 Carnegie Inst. Pub., No. 63. 
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tion (67), which involves only the ions, is in good agreement with the 
experimental results. Consequently the deviation from the van’t Hoff 
equation must be ascribed, for the most part at any rate, to the abnormal 
behavior of the undissociated portion. Whether it is to be attributed 
to the partial assoeiat. >n of t lie unionized molecules fas Noyes and 
Sammet suggest) or to the presence of two isomeric forms of these mole- 
cules is not yet certain. IH 

Before leaving this subject attention should be called to the fact that 
we have in equation (67) a very valuable method for studying the be- 
havior of ions (apait from the unionized molecules) with respect to the 
Gay-Lussac law for the effect of temperature upon osmotic pressure in 
dilute solutions. 18 

7. Electromotive Force. 

• The Perfect Thermodynamic Engine is generally applicable to the 
derivation of all types of electromotive force equations which are based 
directly upon the Second Law In the present paper, however, we shall 
confine the consideration to the electromoth e force of concentration 
cells. The type of engine used is shown in Fig. 3. It differs from the 
preceding forms onlv by the addition of the parts W and 7/77'. W is a 
device which permits the easy passage of ions but which resists any mass 
flow of the solution from one chamber to the other, thus permitting a 
difference of pressure to be maintained in the two chamber*, if desired. 
rj and 77' are two reversible electrodes which can be connected with each 
other (through a suitable compensating external K. M. F. to ensure 
operation undei equilibrium) by means of the key K. 

Concentration Cells (T, P -- const ). — (a) The Nernst Equation, — 
As an example of this case let us consider a simple concentration cell 
with reversible silver electrodes and with silver nitrate as the electrolyte. 
Using the engine shown in lug, 3, omitting cylinder AA', and with tem- 
perature of R and R' ~ T, and pressure against D and D' = P, the ar- 
rangement of the engine is as follows: 

Chamber E: Filled with a solution of silver nitrate of concentration 
C and provided with a reversible silver electrode 77 which has a potential 
K. Cylinder B contains a solution of silver ion which is in equilibrium, 
through the semipermeable membrane, with the silver ion in the chamber. 
Piston B, which is impermeable only to silver ion, is under the “osmotic 
pressure” H' Ar .. Cylinder C is arranged similarly with respect to 
Notion, the “osmotic pressure” against piston C being lT NOV 

Ch&mber E'; Similar to E except that the solution has concentration 
C 4- dC t the potential of the electrode 77' is E 4 * dE and the osmotic 

»• Wc hope to pursue this question further experimentally in this laboratory, 
as well as the general question of the temperature coefficients of the osmotic pressures 
of ions as distinct from the unionized molecules. 
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pressures are n* g . 4- dll^g. against piston B' and n' Ncy> + dTT N(V against 
piston C'. 

r To operate the engine, close the key K and allow one equivalent (F) 
of electricity to flow reversibly. The passage of this current is accom- 



panied by the electrical transference of n a equivalents of electrolyte from 
chamber E' to chamber E (i. e ., from cathode to anode). n a is the ordi- 
nary* or Hittorf transference number of the anion. 20 To compensate 


30 In general, both solvent and electrolyte are transferred by the current. For 
the present purpose it is not necessary to differentiate between these two factors but 
only to know the total effect referred to solute alone, and this is expressed by the ordi- 
nary Hittorf transference number. An equation involving the ’‘true transference 
number” (^e^ashburn, This Journal, 31, 323 (1909)) can be readily obtained by 
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for this effect and maintain equilibrium, pistons BB' and CC' move re- 
versibly toward the right removing n a mols of each ion from E and forc- 
ing them into E'. By the Second Law the total work is equal to zero, or 
FdE ■= n a { V^.dn\ e . + v NO/ dir NOa ,]. _ (70) 

If we assume the ions to be normal solutes and the solution dilute, 
this equation becomes 

dH = ( 2n a RT/F)d\nC A g / (71) 

In order to integrate we need to know n a as a function of C Ag .. If 
we assume it to be independent of the concentration we obtain the Nemst 
equation on integrating. 

E — E' =~ AE = (2 n a KT/F) In C Ag ./C^.* ( 7 2) 

If C Ag . cxC and a = AJA * this equation becomes 

E - - E' - AE - 0 2n a RT/F)lnA c C/A,C' t (73) 

in which A c indicates the equivalent conductance of the solution at the 
concentration C. 

It should be noticed that this equation contains no assumption regard- 
ing the relation which exists between the ions and undissociated molecules 
in the solution. It requires only that the ions be “normal solutes,” the 
behavior of the undissociated molecules in this respect not being in- 
volved. Another important characteristic of the equation is the fact 
that it is not influenced by errors in the value 0} the equivalent conductance 
at infinite dilution. It offers therefore another method of studying the 
behavior of ions apart from their relation to the undissociated molecules 
(cf. page 489). 

(6) The Helmholtz Equation. — Using the engine shown in Fig. 3 but 
omitting cylinders BB' and CC' the arrangement is as follows: 

Chamber E: Filled with a solution of (say) HC1 of any concentration 
C and provided with a reversible calomel electrode rj having the potential 
K. The vapor pressure of IIC 1 from the solution acts through the semi- 
permeable membrane against piston A with a pressure p. 

Chamber E': The same as E except that the concentration of the solu- 
tion is C -f* dC , the potential of rf' is E + dE and the vapor pressure 
acting against piston A' is p + dp. 

The operation of the engine is evident and gives us at once the relation 

FdE — n K vdp . (74) 

If the vapor obeys the perfect gas law this becomes 

dE - (n K RT/F)dh\p (75) 

which on integration, assuming n K const., gives the Helmholtz equation, 
E — E' * (n K RT/F)\np/p\ (76) < 

introducing into the engine a vapor piston by means of which solvent can be vapor- 
ized from one chamber and condensed into the other. 
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n K is here the Ilittorf transference number of the cation. Obviously 
an exactly similar equation can be obtained in terms of the partial vapor 
pressures of the solvent from the two solutions. 

These two examples will be sufficient to illustrate the use of the en- 
gine in deriving E. M. F. equations. The requisite arrangement and 
operation of the engine for the derivation of pressure or temperature 
equations ( e . g the Gibbs-Helmholtz equation) will be readily under- 
stood from the corresponding cases of vapor pressure, chemical equi- 
librium, etc., which have been described in the preceding pages. 

8. The Colligative Properties of a Solution. 

The quantities osmotic pressure, vapor-pressure lowering, freezing- 
point lowering, boiling-point raising, 21 etc., which lie at the basis of our 
methods of molecular weight determination in solution, have played 
such important roles in the development of the modem theory of solu- 
tions, that a clear conception of the thermodynamic relations which con- 
nect them with one another is of fundamental importance. In*many 
cases, the derivations of these relations which are given in the text- books 
contain the assumption that the solution is dilute and involve one of the 
laws of dilute solutions. Even in an elementary text, the only excuse 
that can be offered for introducing such assumptions is that the deriva- 
tion of the exact relation is too complicated for the student to grasp at 
this stage. But even on such grounds, this procedure can scarcely be justi- 
fied if it leaves the student with the idea that the relation between osmotic 
pressure and freezing-point lowering, for example, is in any way dependent 
upon the law which connects either of these quantities with the concen- 
tration. In the following pages it will be shown that by means of the 
thermodynamic engine the exact relations can be written down at once. 
These relations are, of course, differential equations. The method of 
integration varies with the nature of the solvent and the accuracy with 
which it is possible to measure the various quantities concerned. In 
the present paper the methods of integration will only be indicated briefly 
for some of the simplest cases. 

The type of engine used is shown in Fig. i. Both chambers are filled 
with the solution under investigation. Piston AA' is a “vapor piston/' 
that is, as it moves toward the left, for example, it draws the vapor of 
the solvent out of chamber E' and condenses it into chamber E. Piston 
BB' is an osmotic piston. As it moves toward the left it allows solvent 
to enter chamber E' by passing through the semipermeable head B', 
while at the same time solvent is removed in a similar manner from 
chamber E, the space behind the two piston heads being filled with pure 

31 Following the suggestion of Ostwald, we shall call these quantities the colliga- 
tive properties of the solution. 
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solvent. Piston DD' is the total pressure piston. It moves to the right 
or left during the operation of the engine whenever a volume change in 
the chambers renders it necessary, but since in the following treatment 
we shall deal always with a solution under constant external pressure 
.(that of the atrnospheie for example), this piston will move only under 
a pressure difference of zero. Consequently no work is involved in its 
motion and it will not be necessary to consider it at all during the opera- 
tion of the engine. 

For the solution we will take any homogeneous liquid mixture of any 
number of constituents, A, B, C, etc. vSince the terms solvent and solute 
are perfectly arbitrary for such a solution, let us regard A as the solvent 
and the other constituents as soluter. 


. Osmotic Pressure and Vapor Pressure ( P } T -- const.). — To ask the 
question, How does the vapor pressure of the solvent from any solution 
vary with the osmotic ptessure? is equivalent to asking the question, 2 - How 
does the vapor pressure of the pure liquid solvent vary with the total 
pressure upon it? and this relation lias already been derived. It is 
equation (2) which may be written as follows (since bv definition (/II — 
—dP ) : 

(*t>W)p.T” — V/v. (77) 

In order to integrate we need only know v and V as functions of p 
and FT, respectively. Assuming the gas law's for the vapor we have v — 
RT/p . If V Q is the molecular volume of the liquid under the pressure 
P ( 1 . c. } when IT =- o, see p. 4 7 S ) and a is its coefficient of compressibility 
between P and P- - IT (<\ « (V c - -V)/V 0 (P — II — P)), then V- 
F 0 (i f nil). Substituting in equation (77) and integrating we have 

RT (dlnp - — V a )‘(i -f all)rfll, 
or 

RTlnp ~ — F 0 (n 4- V a «n*) + RTlnp 0 , 

in which the quantity p Q in the integration constant is the vapor pressure 
of the pure solvent under the pressure P and at the temperature T. This 
gives us finally 

II ’+ 7 a aIP - - (RT/V 0 )\np/p 0 . (78) 


In many cases the term containing a is negligible and by expanding the 
logarithm term into a series we can obtain a more convenient form for 
ordinary use : 


The ordinary equation for dilute solutions is obtained by neglecting all 
but the first term in the above series. 


n See the definition of osmotic pressure, p. 478. 
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Osmotic Pressure and Freezing-point Lowering ( P const ,). — The 
problenj may be stated thus: How does the osmotic pressure of a solu- 
tion change with the temperature at which the solution is in equilibrium 
with the pure solid solvent? The arrangement of the engine is as fol- 
lows: 

Chamber E: Filled with a solution in equilibrium with an excess of 
pure solid solvent and therefore at the temperature of its freezing point, 
T f . The mol fraction of the solvent in the solution is N A . The pure 
liquid solvent (in cylinder B) in equilibrium with the solution is under 
the osmotic pressure II. 

Chamber E': Exactly as chamber E except the mol fraction of the 
solvent is N A + dN A , the freezing point T F 4- dT F and the osmotic 
pressure II 4 dll. 

dU in this instance is given by the expression 

dll = (m/ZT) N (*T F /*N A ) p dN A 4 0 A . # (8o) 

To operate the engine allow one mol of solid solvent to melt in chamber 
E' and remove the resulting liquid osmotically with piston BB'. The 
reverse operation occurs in chamber E'. The work done* by piston BB' 
is — VdW. The heat absorbed at the higher temperature (/. r., from 
reservoir R' ) is the molecular heat of fusion ( L F ) of the solid solvent, 
under the pressure P, to form liquid solvent under the pressure p — II. 
We have therefore by the Second Law 

--Mill - LpdT F /T Ft (8t) 

or 

(dn/d 7 » = — L f /VT f . (82) 

In this equation we can put T F — T 0 — A i F , and obtain 

dll - Lj 4 { M f )/V(T 0 - A/ F ), (83) 

where A t F is the freezing-point lowering in centigrade degrees and T 0 is 
the freezing point of the pure solvent on the absolute scale. 

In order to integrate we need only express V and L F as functions of 
A t F . V may be expressed by the equation 

V - V Q + aM F 4 b(M F y 4 (84) 

where V 0 is the molecular volume when A t F = o and n = o, and a, 6, 
etc., are constants whose numerical values can be computed from the 
coefficients of compressibility and thermal expansion of the liquid sol- 
vent and from approximate values of II for different values of A t F up to 
the limit desired. For L F the first law of thermodynamics gives us the 
general relation, 

l f * l f 0 + AC Po A^ + y 2 «A£ + VV?A£+ . . . (85) 

In this equation L Fo is the molecular heat of fusion of the pure solvent 
at its freezing point T a , A C Pa is the attendant decrease in the heat capacity 
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of the system and a, /?, etc., are constants expressing the dependence 
of A C p upon the temperature. 23 

Substituting equations (84) and (85) in equation (83) and integrating 
so as to obtain II as a series function in A t f) we obtain the relation 



AC Pt XV 0 — aT 0 ) , a — bT 0 */,ax 
I ' F V 0 T 0 + VJ Q + I.J 

AC Po (V 0 -aT o y (a — bT)(V a — 

r t/3 n'* ‘t* T 



o o 






Vo 7 . 


+ 


(l/ 0 — oT 0 )(a- 
V'T’ 


- bT „ ) A C Pe (a — bT 0 ) 


+ 




■'fo'o'o ^o T o '-Fa' 

This apparently cumbersome equation becomes quite simple when we 
consider a concrete case, owing to the fact that many of the terms in the 
parentheses are negligible. Let us consider a water solution, for exam- 
ple, and suppose A t F to be known with an accuracy of o. 1 per cent. For 
this case equation (86) becomes 


)*>]• 


( 86 ) 


II ~ 12 o6(A/ i , — 1 78. 10 3 A/^ — 2.5 1 o~ fl A^ ; ) atmospheres. (87) 
This equation can be used for values of A t F as high as ioo° without in- 
troducing an error of more than a few tenths of one per cent. 24 

Osmotic Pussure and Boiling-point Raising ( P =■ const .). — The prob- 
lem may be stated as follows: How does the osmotic pressure change 
with the temperature at which the partial vapor pressure of the solvent 
from the solution is equal to the external pressure upon the solution? 

The arrangement of the engine is as follows: 


** In the case of water, for example, we have for its molecular heat capacity at 
constant pressure, Cp ■=» Cp Q 4 at 4 - bt 1 -f .... and for ice Cp =* Cp o 4 - a't + 
b't 9 4 - ... Subtracting the first equation from the second and putting 

Cp — Cp *» A Cp, a' — a « a, and b' — 6 

we obtain 

A Cp ** A Cp 0 4 - at 4 - fit* + 

Combining this with the purely thermodynamic equation, 

dLp/dt «=* — dLp/d( A tp) =» — AC p, 
and integrating, we obtain equation (85). 

Strictly speaking, another term should be added to this expression to include 
the heat of compression of the liquid solvent from P to P — 77 , since the oj>eration of 
the engine produces liquid solvent at the latter pressure. In most cases this heat 
effect will be entirely negligible in comparison with the heat of fusion and this assump- 
tion is made in equation (85). 

u The values of the constants for water are: Lp 0 * 5 9. 309,11 ter atmospheres, 
ACp 0 ■* 0.363 liter atmosphere per degree, V 0 * 0.01801 liter, a = 0.000014 
liter; a, 0 , and h are negligible. For examples illustrating the application of equa- 
tion (87) see Lewis, This Journal, 30, 671 (1908), 
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Chamber E: Filled with a solution under the pressure P at its boil- 
ing point , 25 T b . The mol fraction of the solvent is AT a and its partial 
vapor pressure, acting against piston A, is p (~ P). The pure liquid sol- 
vent in cylinder B is under the osmotic pressure II. 

Chamber E': Exactly as chamber E except that the mol fraction of 
the solvent is N x *f cLV A , the temperature (B. PA is T B -f dT B and the 
osmotic pressure is II 4 - dll. The vapor pressure is P. 

dll in this instance is given by the expression 

dn - mim N &r B /bN A ) p dN x + m 

To operate the engine, vaporize one mol of solvent from chamber E' 
by means of piston AA' and introduce simultaneously one mol of liquid 
solvent osmotically by means of piston BB'. The reverse process occurs 
in chamber E. The only work involved is that done by piston BB', 
which is VdH. The heat absorbed at the higher temperature is the molec- 
ular heat of vaporization (L) of the pure liquid solvent under the pressure 
p — 11 to form vapor at the pressure p. We have therefore by tlfe Second 


Law, 


Vdll - LdT B !T Bi 

(89) 

or 

* 

(an/ar B ) - l/vt b . 

(90) 

In this equation we can put 


7'b 3=8 1 B 0 + ^B 


and obtain 


dll - Ld(M B )/V(T Bo f Afc), 

(91) 


where A t B is the elevation of the boiling point in centigrade degrees and 
T Bg is the boiling point of the pure solvent on the absolute scale. 

The method of integration to be followed for this equation depends 
largely on the nature of the solvent, the equation of state of the vapor 
and the magnitude of T B as compared with the critical temperature of 
the pure solvent. If the vapor of the solvent obeys the gas laws and T B 
is considerably lower than the critical temperature, we could adopt a 
method of integration identical with that employed for the correspond- 
ing freezing point equation and would obtain an integrated expression 
perfectly analogous to equation ( 86 ). Consequently it will not be neces- 
sary to consider this case in further detail. 

Vapor Pressure and Freezing-point Lowering (P « const ,). — The prob- 
lem may be stated as follows: How does the vapor pressure of the sol- 
vent from a solution vary with the temperature at which the solution is 
in equilibrium with the pure solid solvent? Now the vapor pressure 
from the solution and solid solvent are equal when the two are in equi- 

*• Note that the b. p. is here defined as the temperature at which the partial vapor 
pressure of the solvent is equal to the total pressure on the solution. 
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librium, consequently this question is the same as inquiring, How does 
the vapor pressure of the pure solid solvent vary with the temperature? 
and this relation has already been derived. It is equation (5) which we 
may write as follows (using T f in place of T to indicate that we mean 
the absolute temperature of the freezing point of the solution): 

(d/>/dr,) p - LJvT F . (92) 

In this equation is the molecular heat of sublimation of the pure 
solid solvent under the pressure P to form saturated vapor at the pres- 
sure p. dp is expressed by the equation 

dp - (d/» / & T) x 0 T h diV A ) \ 4 N X + QpftNJjANv (93) 

Let us integrate equation (92) for aqueous solutions. Assuming the 
perfect gas law for saturated water vapor below o°, equation (92) may 
be written: 

d\np - (LJR)dT/T\ (94) 

Owing to the slight difference between the heat capacities of ice and its 
vapor, L s will have such a small temperature coefficient that it may be 
regarded as constant without much error, even for large values of the 
freezing point lowering, Integrating equation (94) with this assump- 

tion we obtain 

W>o//>= (LJRT 0 )M f /T. (95) 

In this equation p is the vapor pressure of the solution at the absolute 
temperature of its freezing point T. 

9. Summary and Conclusion. 

1. A simplification of the cyclical process method of Carnot has been 
described, which reduces the cycle of necessary operations to a single 
step and allows the desired thermodynamic equation to be written down 
“by inspection.” Not only does this result in an increased clearness 
and certainty as to the exact significance of the quantities appearing 
in the equation, but it also insures an entirely rigorous result because 
it is impossible to introduce into the process any assumption except the 
two laws of thermodynamics. 

2. The use of this simplified process (embodied in what has been called 
the “Perfect Thermodynamic Engine”) as the basis for the construction 
of a simple but entirely rigorous system of thermodynamic chemistry, 
is illustrated by applying it to the derivation of a number of fundamental 
relations. 

3. The modified process possesses, to a higher degree, all of the advan- 
tages of the ordinary cyclical process with none of its disadvantages. 
The system of equations which it yields possesses all of the rigor of any 
of the analytic systems of thermodynamics with none of their abstruse 
conceptions and intricate, involved and long drawn-out derivations. v 
By means of the perfect thermodynamic engine one <?an pass in a 
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single step from the~Second Law of thermodynamics directly to the differ- 
ential equation of the desired relation. 

4. In connection with the application of the engine to the subject 
of chemical equilibrium, the following points have been brought out: 

(a) Contrary to the statement of T. B. Robertson, the Mass Action 
Law is not an expression of the condition for equilibrium in a system 
whose equation of state is p(y — d) = RT. 

(( b ) The derivation of the Law of the Constancy of the Solubility Prod- 
uct for a solute which dissociates in solution does not involve any assump- 
tion regarding the nature of the law which regulates the equilibrium 
between the undissociated molecules and their products of dissociation. 
Consequently the theoretical basis for the Solubility Product Law in the 
case of strong electrolytes is not destroyed by the fact that they do not 
obey the Mass Action Law, as inferred by Stieglitz. 

5. It is shown that many of our equations which contain the van’t 
Hoff i, involve an unnecessary number of assumptions and Aat^each 
equation can be split up into two simpler equations, one involving only 
the ions, the other only the unionized molecules. The advantage of 
so doing is illustrated by a consideration of the experimentah data of 
Noyes and Sammet on the solubility of orthonitrobenzoic acid. 

Urbana, Illinois, January 15, 1910. 


[Contribution from the Chemical Laboratory of the University of Illinois.] 

HETEROGENEOUS EQUILIBRIA BETWEEN AQUEOUS AND ME- 
TALLIC SOLUTIONS: THE INTERACTION OF MIXED SALT 
SOLUTIONS AND LIQUID AMALGAMS (FIRST PAPER). 

A STUDY OF THE REACTION, KHg* + Na- 
K‘ + NaHgn + (m — n) Hg. 

By George McPhail Smith. 

Received February 16, 1910. 

It has previously been shown 1 that the alkali metals exist, in liquid 
mercurial solution, in the form of compounds of the, general formula 
MeRg„, containing only one atom of the amalgamated metal to the 
molecule. It has also been shown that a mixed solution, containing the 
chlorides of sodium and potassium, reacts readily with either sodium or 
potassium amalgam, with the *rapid establishment of an equilibrium. 
The same has been found to be the case with sodium and rubidium, and 
sodium and caesium amalgams, when treated with the corresponding 
mixed solutions. 2 

Tbe present paper is the outcome of a more detailed study of the first 

1 Ueber die relative Bestandigkeit bzw. die Konstitution der verdiinnten Amalgame 
der Ukali-bzw. Erdalkalimetalle. G. McP. Smith, Z. anorg. Chem 58, 381 (1908). 

9 Lee. tit, 



HETEROGENEOUS EQUILIBRIA. 503 

of these reactions. In subsequent investigations the alkali earth and 
other amalgams will be included. 

Experimental Method 1 — Approximately equimolal liquid sodium and 
potassium amalgams were prepared, and after filtration through chamois 
skin on the filter pump, they were at once filled into small sealing bot- 
tles, whose necks were then drawn into capillaries and sealed ofT. At 
intervals, the measured salt solutions, which had previously stood in 
the thermostat in stoppered Erlenmeyer flasks, were tared on a balance, 
and the desired quantities of amalgam were poured into them directly 
from the opened capillaries.' 2 The flasks were then restoppered and 
put back into the thermostat, and the capillary necks of the sealing bot- 
tles were at once re-sealed. The leaction mixtures were agitated for a 
given time in the thermostat, after which they were taken out, one at a 
time, and treated as follows: 

The aqueous solution was decanted and the amalgam was washed by 
passing it through a row of 5 beakers, each of which contained about 50 
cc. of distilled water; the wash water was decanted each time before the 
amalgam was poured into the next beaker. Jn this way each amalgam 
was washed thoroughly in the course of 1 minute, and the chemical action 
of the wash water was negligible. The amalgams were finally decom- 
posed with hydrochloric acid, and the extracts were analyzed. The ex- 
perimental results are given in Table I. 8 

In the reversible reaction, 4 

KIIg m -f Na* ^ K* + NaHg w -f (m — w)IIg, 
as carried out in these experiments, free mercury was present in such 
quantity that its concentration may be taken as constant. We have 
therefore a heterogeneous equilibrium of the second order, and if fKIIg w ] 
and [Nallg n ], [Na‘] and [K‘] represent the relative molal concentrations 
at equilibrium, then the equilibrium constant, 

K _ *. _ [KHg w ] X [Na*] 
k, ~ INaHgJX rK-r 

1 The mercury used in the preparation of the amalgams was purified by the ordi- 
nary methods, after which it was distilled under reduced pressure in a current of air. 
The salts were of Kahlbaum’s manufacture, and the water employed was obtained 
by redistilling the distilled water of the laboratory, after having acidified it slightly 
with sulphuric add. 

* In all cases the interaction of the amalgam and the sol vent- water was infinitesi- 
mal and it will be neglected in what follows. 

* The five solutions employed in the first 10 experiments contained, respectively, 
14.6150 g. NaCl 4 * 9.3200 g. KC 1 , 7.3075 g. NaCl 4- 18.6400 g. KCl, 14.6150 g. NaCl 4 - 
4.6600 g. KC 1 , 3.6538 g. NaCl 4 - 18.6400 g. KC 1 , and 7 3075 g- NaCl 4 - 9.3200 g. 
KCl; they were made up, one after another, in the same 250 cc. measuring flask. 

4 The values of m and n are not known for the compounds in solution; they may 
have several values in the case of the crystalline compounds. For references to the 
literature, see loc, cit. * 
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scopically for lithium, of which not a trace could be detected. 
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Now, in the case of Experiments 1 and 7, for example, 
0.0350 o.iiqo , 


whence 


39 - 1 ° 
0.11 10 
23.00 


K - 


[Na-], 

[K-], 

]Na'], / ]Na-> _ 


39.ro 

0.0478 

23.00 


[ Na* ] 7 

[K-l ’ 


7.90. 


[K-li/ tK‘], 

And, starting with 100 cc. of solution and taking into account the changes 
in concentration during the reaction, we have at equilibrium in the case 
of these two experiments the molal relations: 


2.3000 — o.mo j 0.5750 — 0.0478 
(NaCl)j j (NaCl) 7 __ 2.3000 / 2.3000 

(KOI)! / (KC 1 ) 7 1.9550 -f- 0.1887 / 3.9100 H_o.o8 13 ~ 7 73 ‘ 

3.9100 / 3.9100 

From the approximate equation. 7 90 = 7 73, it follows roughly that 
[ N a* l [ Na- ] 7 __ (NaCl) , (N aCl) 7 

IK- 1 , : |K-] 7 “ (KCl)j : (KClj 7 1 

i . r., inned sodium and potassium chloude solutions , ///e ratios which ex- 
ist between the 7 dative ion concent ia turn v of sodium and potassium in the 
different solutions are identical with those uluch exist betweni the relative 
molal concent) at ions of the two salts m the fvspectivc solutions. It is there- 
fore permissible to substitute the latter values in the calculation of the 
equilibrium constant. The results are given in Table II: 1 


Table II . 2 


From the Total 

relative* molal molal con- 
concent rations eentration of 



Amalgam 

At equilibrium, 

at equilibrium. 

mixed salt 

>- INa'I 

No. 

al start. 

[KH* m | : 

( N a H g j . 

INa'I • IK') 

solution. 

lNall«J\[K-l 

I 

Potassium . . 

15.64 : 

84-36 

0 9517 : 0 5482 

1.50 

0.322 

2 

Sodium 

13 >12 : 

86.83 

1 0083 : 0.4916 

1.50 

O 311 

3 

Potassium . . 

41.08 : 

58.92 

0.4674 : 1.0325 

1.50 

0 316 

4 

Sodium 

36.00 : 

64.OO 

0.5227 : 0.9773 

1-50 

0 . 3*5 

5 

Potassium . . 

9.03 : 

90.97 

0.9500 : 0.3000 

125 

0.314 

6 

Sodium 

7.22 : 

92.78 

1.0046 : 0 2454 

125 

O.318 

7 

Potassium . . 

59.42 : 

40.58 

0.2294 : 1 .0207 

*.25 

O 329 

8 

Sodium 

51-49 : 

48.51 

0.2821 : 0.9678 

*‘25 

0.309 

9 

Potassium . . 

28.43 ! 

71.57 

0.4620 : 0.5380 

1 .00 

0.341 

to 

Sodium 

23 35 : 

76 65 

0.5147 : 0.4853 

1 .00 

0.323 

11 

Potassium . . 

24.61 : 

75 39 

1.9207 : 2.0798 

4.00 

0.302 

12 

Sodium 

22.90: 

77.10 

2.0233 : 1.9762 

4.00 

0.303 

it 

Lithium .... 

2%. os : 

76 . 0 S 

2.0 : 2 .0 4.00 0.202 

Mean value: K ■* 0,315 


1 In the calculation of the molal concentrations at equilibrium, if sodium amal- 
gam was started with, for example, then the potassium in the resulting amalgam came 
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It is interesting to compare with the above the equilibrium constants 
calculated from previously published results 1 obtained in the action of 
mixed sodium and rubidium, and sodium and caesium chloride solutions 
upon sodium and rubidium, and sodium and caesium amalgams, re- 
spectively. In these cases the solutions were double molal in respect 
to each salt in the mixture, so that the concentration changes may be 
disregarded in calculating the values of the equilibrium constants. The 
results are given in Table III: 

Table^III. 


No. 

r 

Time 

Min 

Amalgam 
at start 

At equilibrium 

At fctart and at 
equ llibnum 
iNa-j [Me ]. 

[MeHgml X |Na] 
[ NaHg„J v (Me-) 

Mean. 

I 

23 

30 

Rubidium 

27-39 

72 .60 

2 .O 

: 2.0 

0.377 

0.37 

2 

23 

30 

Sodium 

26.35 

73-64 

2 .O 

: 2,0 

0.358 

I 

24 

30 

Caesium 

32.95 

67.05 

2 .O 

: 2.0 

O.491 

0.48 

2 

24 

30 

Sodium 

32.44 

67-55 

2.0 

: 2.0 

0.480 


/ 

From the foregoing we see that, in the case of the general reaction, 


NaHg n 4- (m — n)Hg 4- Me- Mellg w 4* Na-, 
the equilibrium constant is equal to 0.31, 0.37 and 0.48, respectively, 
when Me stands for K, Rb and Cs, in the order named. 

Previous studies of the ionization of salts have led to^the conclusion 
that at any definite concentration salts of the same ionic type have ap- 
proximately the same degree of ionization. It has also been shown 
by experimental investigations that the degree of ionization of each salt 
in such a mixture as KC1 4 NaCl, in which there is a common ion, is 
the same as if that salt were alone present with an ion concentration 
equal to the sum of those of the two separate salts. 2 It therefore fol- 
lows that, in such a mixed solution, 

[Na*] a i(NaCl) (NaCl) 

[K- ] V,( KC1)' ~ (KOI) ’ 

The present investigation offers, through an independent method, a 

from the solution, and the equivalent amount of sodium must have entered the solu’ 
tion from the amalgam. The chemical action of the solvent water was negligible, 
as can be seen from the figures given in the last column of Table I. 

2 In regard to experiments ii, 12 and 13, see footnote under Table I. Experi- 
ment 13 is evidently unreliable, owing to the low lithiun/content of the amalgam at 
the start and to the different temperature. Of the first 10 experiments, the 9th is the 
least reliable. The source of error is suggested in the last column of Table I, where 
it is seen that the equivalent potassium content found was greater than that in experi- 
ment 7, which was performed 1 day earlier; owing to traces of oxidation in the meantime, 
the amalgam should have shown a lower potassium content. The mean value of K is 
not affected, however, if both experiments are left in the table. 

1 hoc . cit 

* For references to the literature on this subject, see A. A. Noyes and J. Johnston, 
This Jou^jenal, 31, 987 (1909)* 
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striking confirmation of the above conclusions, and, moreover , it shows 
that they hold good even in the case of very concentrated solutions. 

Ukbana, III., February, 1910. 


CONCERNING THE CORRECTION OF THE APPARENT WEIGHT 
OF A SALT TO THE VACUUM STANDARD. 

By Theodore W Richards and Gregory P. Baxter. 

Received February 12, 1910 

The tendency to adsorb gases possessed by finely divided carbon is 
well known, and there can be no question that other substances also 
possess, although to a much smaller degree, this same tendency. There- 
fore the possible effect of adsorbed gases upon the weights of the sub- 
stances entering into very precise determinations, such as those concern- 
ing the atomic weights, is worthy of careful consideration. The idea is 
by no means new, for Marignac nearly seventy years ago investigated 
several salts with regard to the possibility of such adsorption, and found 
in most cases very slight, if any, evidence of an appreciable effect . 1 The 
topic has been recently revived by Guye and Zachariadfcs in a brief paper, 
in which are recorded, without details, a number of extraordinary results 
very different from those of Marignac . 2 The new investigators inter- 
pret their figures to mean that the error from this source is in many 
cases a serious one, rendering illusorv the weighing of most powdered 
salts more accurately than to within one one-hundredth of one per cent. 

The experiments of Guye and Zachariad&s have been repeated, as far 
as potassium chloride is concerned, by Alexander Scott, with results 
confirming Marignac’s rather than those of the new investigators. Scott 
was unable to find any important adsorptive effect, even in finely powdered 
potassium chloride . 8 His discussion of the matter seems to leave little 
need of further remark, except for the fact that Guve and Zachariadfes 
specifically mention the recent Harvard investigations upon atomic 
weights, and their paper might convey to some the impression that these 
authors believe their results to concern the work at Harvard. It is very 
easy to show, however, upon the basis of the evidence in the paper, that, 
whether the interpretation by the two investigators at Geneva is correct 
or not, in any case their results can have no relation whatsoever to the 
Harvard work, and do not render necessary appreciable corrections in 
any of the Harvard investigations. 

Guye and Zachariadfcs weighed successively in air and in vacuum 
a number of materials which, as they say, “were chosen especially as 
having served in the determinations of atomic weights in the chemical 

1 Marignac, Oeuvres Completes , x, 44; also Bibl. Univ 46, 373 (1843). 

* Guye and Zachariadfes, Compt. rend., 149, 593 (1909)* 

• Alexander Scott, Prop. Chem, Soc ., 35, 386 (1909)* 
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laboratory of Harvard College.” These twenty-six salts were as follows: 
The nitrates of potassium and silver; the chlorides of potassium, sodium, 
magnesium, calcium, manganese, nickel, cobalt, iron, cadmium, barium, 
strontium, and silver; the bromides of potassium, sodium, zinc, barium, 
strontium, nickel, cobalt, and cadmium ; the sulphates of copper and silver; 
the chlorate of potassium ; the oxide of copper. Two of the substances, 
however — the chlorides of iron and nickel — have never been used as 
the basis of accurate work at Harvard. The authors conclude that the 
adsorptive effect “depend de la density du sel, de 1’ hygroscopic! td, et, & 
un haut degr£ des conditions de l’exp^rience, notamment de la structure 
physique du sel pes£.” Thus, for example, fused potassium chloride in 
large pieces showed 5 milligrams of adsorption per 100 grams, in crystals 
20 milligrams, in powder 32 milligrams. The other twenty -five substances 
seem to have been investigated in powdered form alone, and only one 
among them, namely, potassium nitrate, appeared to show as much ad- 
sorption as powdered potassium chloride. / 

j$« Supposing for a moment that the figures just cited really represent 
adsorbed air, the quantity corresponding to fused material weighed in 
large pieces would be only enough to affect the atomic weiglft of potas- 
sium calculated from the molecular weight of potassium chloride, bv 
an unimportant quantity, less than o 004; and potassium chloride was 
one of the worst of all* the substances investigated by Ouye and Zach- 
ariad&s. Hence, even according to their own showing, fused substances 
in large pieces may be weighed with considerable accuracy. 

Now, of the substances in the list used in the Harvard determinations, 
all except five were fused and weighed in large pieces. This had been 
done not only because the expulsion of water from a fused salt is more* 
certain than from a solid, but also because the possibility that the pow- 
ders might adsorb air had been thought of very early in the prosecution 
of the Harvard researches. For example, in the case of barium bromide, 
the salt used in Experiments 4 and 13 was fused in a platinum crucible, 
and yet gave results for the atomic weight of barium, and for the content 
of crystal water essentially identical with those of similar samples which 
had been merely heated at a high temperature without fusion, being 
thus in a highly subdivided, effloresced condition. 1 Two of the speci- 
mens of barium chloride (those used in Experiments 37 and 38 2 ) were 
fused in a current of hydrochloric acid gas, but gave results for the atomic 
weight of barium essentially equal within the limit of error of experi- 
mentation to those from the unfused effloresced samples. In the later 
determinjjlions of the atomic weights of other elements, the other sub- 
stances mentioned by Guye and Zachariad&s were all fused and weighed 

1 Richards, Z. anorg. Ghent., 3, 470 (1893). 

* Richards, Ibid., 6, 121, 122 (1894). 
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in large pieces except the five already alluded to. Of these five, nickel 
and cobalt bromides were weighed in the form of crystals of appreciable 
size, but Ouye and Zachariad&s found these substances even in a state 
of powder to show only a slight irregularity. Hence, they could not have 
been at fault. Copper oxide, another of the five, falls entirely out of 
consideration, partly because Olive found almost no suspicious effect in 
this case, and partly because if any air had been adsorbed by copper 
oxide it would have been determined along with the included nitrogen in 
the due course of the experiments upon tiiis substance. Copper sulphate 
was indeed used in a finely powdered condition, but the weight of this 
substance did not enter into anv of the finally accepted values for the 
atomic weight of coppe r. Hence the fourth of the unfused substances 
also falls out of consideration. Cobalt chloride also was used in an ef- 
floresced condition, but gave the same results for the atomic weight of 
cobalt as did the more compact cobalt bromide. 

Having thus shown that the lesults of the European experimenters 
do not at all concern the Harvard determinations, even if some 
powdered substances really occlude ail , we may perhaps repeat a descrip- 
tion of two series of experiments carried out within the last two years 
in the Harvard laboratory with finely divided substances not in the list 
given by Ome and Zacluiriad&s. In recent experiments iodine pentoxide 
and powdered silver phosphate have been used as means of obtaining 
information concerning the atomic weights of iodine and phosphorus 
respectively Bearing in mind the possibility of this error in question 
(although at that time the paper of (xiiye and Zachariad&s had not been 
published), Baxter and Tilley 1 and Baxter and Jones 2 carried out ex- 
periments with these two substances respcctivelv. Iodine pentoxide 
hud been made bv double efflorescence from iodic acid through the com- 
pound I 2 0 5 H 10 3 and therefore must have been an extremely porous 
material with a surface comparable with that of charcoal. In two ex- 
periments with 25.8 grams of material, the air actually displaced by the 
pentoxide was found to be within about o 0001 gram of that calculated 
from the density of the substance. 

The description of these experiments is given below: 

“Two weighing bottles w T ere constructed with long, very well ground 
stoppers which terminated iii stopcocks through which the tubes could 
be exhausted. These tubes were very closely of the same weight and of 
very nearly the same internal capacity. The tubes were first exhausted 
and’ compared in weight by substitution. Next they were filled with 
dry air and again weighed, the weighings being carried out with the 
stopcocks open.” Both steps were then repeated with essentially the^ 

1 This Journal, 31, 214 (1909). 

1 Proc. Amer, Acad., 45, 155 (1909)* This Journal, 32, 298. 
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same results, the difference in the weight of air contained in the two tubes 
being found on the average to be 0.00014 gram, the counterpoise being 
slightly the larger. 

“Into one of the tubes was introduced 25.84 grams of carefully dried 
iodine pentoxide, and both tubes were completely exhausted. When 
the tube containing the pentoxide was warmed to about 150° no per- 
ceptible quantity of gas was evolved. After the difference in weight of 
the exhausted tubes had been determined, they were again filled with 
dry air and weighed, and the process of exhausting the tubes and filling 
them with air was repeated.” The difference between the weight of 
air admitted to the two tubes now averaged 0.00651 gram, corrected to 
19 0 and 758 mm. Subtracting the difference found for the empty tubes 
(0.00014 gram), the quantity 0.00637 gram is found as the weight of 
air displaced by the powder, whereas the value calculated from the den- 
sity of the solid (4.799 1 ) is o 00649. Thus the amount of air adsorbed 
by nearly twenty-six grams of the very finely subdivided, effloresced 
iodine pentoxide was only a trifle more than 0.1 milligram — a*quantity 
scarcely greater than the probable error of experiment. In this case 
the usual method of calculating the correction to the vacuum standard 
yields a possible error of only 1 in 200,000. 

Similar experiments have been made with precipitated and dried sil- 
ver phosphate by Baxter and Jones with similar results. 

“In two experiments, when air was admitted, after exhaustion the 
counterpoise gained 0.00028 and 0.00021 gram respectively (average 
0.00025), more than the tube which was later to contain the silver phos- 
phate. After 22.69 grams of pure dry silver phosphate had been placed 
in the tube, the tube and its counterpoise were exhausted and the differ- 
ence in weight determined. When dry air at 25° and 766 mm. was ad- 
mitted to both the tube containing the silver phosphate and the coun- 
terpoise, the counterpoise gained 0.00443 gram more than the tube. 
Therefore the air displaced by the silver phosphate was o . 00443 — 
0.00025 = 0.00418 gram. Since 22.69 grams of silver phosphate of 
density 6 . 37 s have a volume of 3 . 56 cc., the volume of pure air displaced 
at 25 0 and 766 mm. should weigh 0.00425 gram. 

“The experiment was then repeated. After the air had been exhausted 
from the tube and its counterpoise, the tube containing the silver phos- 
phate was heated gently. No gas was evolved. The tube and its coun- 
terpoise weifc then weighed by substitution. When dry air at 24. 5 0 
and 767 mm. was admitted to both, the counterpoise gained 0.00445 
gram rqore , than the tube containing the silver phosphate. Therefore 
the air displaced by the silver phosphate was 0.00445 — 0.00025 =» 

1 Baxjfgr and Tilley, This Journal, 31, 213 (1909). 

9 Baxter and Jones, Proc, Amer. Acad ., 45, 155 (1909). 
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0.00420 gram, whereas the weight of air displaced, calculated from the 
density of the salt, is o 00426 gram. 

“The agreement between the experimental results and those calcula- 
ted from the density of silver phosphate on the assumption that no ad- 
sorption takes place is close enough to show that no significant amount 
of adsorption occurs.” 

Furthermore, in many cases dried precipitates of silver halides have 
been weighed both before and after fusion, and, while in some cases the 
loss has amounted to 0.01 per cent., owing to moisture retained by the 
dried salt, in many cases the loss in weight has been very slight indeed, 
showing that the great diminution in surface is without effect upon the 
apparent weight. This was especially the case in the recent investiga- 
tions upon the atomic weights of bromine and lithium, wherein silver 
bromide and chloride dried for a long time at 180° and 250°, respec- 
tively, lost sometimes not more than 1 part in 100,000 on fusion. Even 
this almost negligible loss was probably due to traces of water imprisoned 
in the unfused substance. 1 

When with these results we rank the similar results of Scott with potas- 
sium chloride, one cannot but believe that many substances at any rate 
advSorb so little air as not to be greatly affected as to their weights 
thereby, at least when the solids are weighed in any ordinary state 
of subdivision. 

One ojthcr case, that of sublimed ammonium chloride, may receive 
passing mention. This salt seems to exhibit a slight tendency in the 
opposite direction, as it gains somewhat more weight in vacuum than 
corresponds to the calculated correction. According to the concordant 
results of Marignac, Stas, and Richards and Kothner and Tiede 2 the salt 
gains 0.00080 gram per gram when the air is exhausted, whereas the best 
value fertile density of transparent ammonium chloride (1.525) corresponds 
to a gain of 0.000793 — a result but very slightly less than the observed 
value. 

Sublimed ammonium chloride is, however, a peculiar substance because, 
on cooling, it suffers transition into a denser form, causing the crys- 
tals to be permeated with pores of molecular fineness. The porosity of 
the solid renders difficult the determination of its true bulk, upon which 
depends the correction to the vacuum standard. Some of the interstices 
would undoubtedly fill with ail , while others might not ; and none of 
them would probably fill with a liquid. This would account for Stas's 
uncertainty about the specific gravity of the salt, and for the various 

1 Baxter, This Journal, 28, 1332 (1906). Richards and Willard, Ibid 32, 29 
(1910). 

* Marignac, loc. cit . ; Stas, Untersuchungen, Aronstein's translation, p. 56 (1867); 
Richards, K&thner, and Tiede, This Journal, 3** 7 (1909)- 
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interpretations which have been put upon the results. Hence ammonium 
chloride, also, is probably not fundamentally abnormal. 

The details given in the recent paper by the Geneva experimenters 
are so meagre that an explanation of their unprecedented results can 
hardly be attempted. They make no mention of the degree of purity of 
the salts or the precautions taken in drying them before the experiment. 
This is, however, a matter of great importance, for the preparation of 
many of these salts in a pure state, free from water, is a very difficult 
matter; indeed it is almost impossible to obtain some of them in a pow- 
dered form and yet entirely anhydrous. Hence, as they weighed the 
salts first in air and then in a vacuum, a loss of weight may have been 
due simply to loss of moisture, as Scott has pointed out in the criticism 
already quoted. If the salts had been weighed first in vacuum and 
then in air, the presence of a trace of moisture could have had no 
effect on the result. Baxter and Tilley, and Baxter and Jpnes em- 
ployed this method, as did also Scott. 

After the present paper was sent to the press, another paper by the 
experimenters at Geneva has come to our notice . 1 In it The nmgnitude&j 
of all the assumed abnormalities have been somewhat changed, and the 
corrections have apparently been given the opposite sign in every case. 
Criticism of this unexpected development will not be attempted here; it 
is enough to say th$| the arguments brought forward above concerning 
the Harvard results are not in any wise affected by the changes. No 
hasty investigation can throw light upon any matter of this kind. The 
details, both as regard purity of materials and precautions in treatment, 
must be as thoroughly worked out as in a most careful determination of 
an atomic weight in order that the work may have any significance. 

The contents of this paper may be briefly summarized as follows: 
First, the possible adsorption of gases by solids had not been overlooked 
in the Harvard investigations; secondly, even if the conclusions of Guye 
and Zachariades hold under their conditions, these conclusions do not 
essentially affect the determinations of atomic weights conducted in the 
chemical laboratory of Harvard College; and thirdly, in the light of other 
careful work carried out, not only in this laboratory but also by Scott, 
it seems improbable that either of the interpretations by Guye and 
Zachariad&s of their own results is free from fault. 

Cambridge, Mass , February 9, iyio. 

1 Guye and Zachariades, Compt , rend., 149, 1122 (December, 1909). 
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THE ATOMIC WEIGHT OF HYDROGEN. 

JiY Grin nell Jones. 

Received February 2, 1910. 

In 1908, W. A. Noyes 1 published a table giving the results of all the 
chemical determinations of the atomic weight of hydrogen, and showed 
by a careful criticism and comparison that the only data obtained by the 
chemical methods which need to be considered in selecting the most 
probable value are those published by Morley 2 in 1895, and by Noyes 3 
in 1907. 

Noyes states that “densities of gases corrected to the condition of 
an ideal gas by the method of T). Berthelot may be considered as direct 
comparisons with oxygen, and molecular and atomic weights calculated 
from these densities should be included with those determined by chem- 
ical methods.” But he does not add the results obtained by these physico- 
chemical methods to his table or discuss their value in selecting the most 
probable atomic weight of hydrogen. 

The object of the present paper is to collect the results which have been 
obtained by the physico-chemical methods and compare them with the 
result obtained by the chemical methods. In a few cases the results 
have been recalculated with the use of the most reliable densities of hydro- 
gen and oxygen at present available, namely, those of Morley. In a 
few cases other minor corrections have been made and the calculations 
carried out to one more decimal. 

D. Berthelot’s 1 “method of limiting densities” for calculating exact 
molecular weights is based on the deduction from the kinetic theory of 
gases that all gases approach the ideal gas as the pressure is reduced, 
and that at infinitesimal pressure, Avogadro’s hypothesis is strictly 
true. This may be expressed in more mathematical language as follows: 
The limit of the ratio of the densities of two gases as the pressure ap- 
proaches zero is equal to the ratio of the molecular weights of the gases. 
Berthelot shows in a very simple manner that these relationships may 
be expressed by 

M/M' * (1 — AJ)D/(i — A';)D', 

where M and M' are the molecular weights of the two gases, D and D' 
are the densities under normal conditions, and A* and A n 0 are the 
mean coefficients of the deviation from Boyle's law per atmosphere at 

This Journal, 30, 7 (1908). See also discussion of this subject by Brauner 
in Abegg’s “Handbuch der anorganische Chemie,” Vol. II, Part i, page 9. 
a Morley, “Smithsonian Contributions to Knowledge/’ 1895. 

• This Journal, 29, 1718 (1907). 

4 /. physique (3), 8, 263 (1899). 
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o°, between zero pressure and one atmosphere. This coefficient is de- 
fined by the relation 

d(PV)/PVdP - —A, 

which gives the value of A at any pressure, P, and corresponding vol- 
ume, V. The negative sign has been inserted simply for convenience, 
since without this convention A would be negative for all gases except 
hydrogen and helium, under normal conditions. It has been shown 
experimentally by Rayleigh 1 and Chappuis, 2 and theoretically by Berthe- 
lot, 3 that for the gases formerly called “permanent” the value of A 
does not vary with the pressure by an appreciable amount below tw r o 
atmospheres pressure. Therefore, the value A^ can be taken equal 
to the value of this coefficient as determined experimentally by Leduc 
and Sacerdote, 4 Rayleigh, 5 Chappuis, 0 Berthelot, 7 and Jaequerod and 
Scheuer 8 at pressures up to two atmospheres. Although this procedure 
necessarily involves an extrapolation, the kinetic theory of gases indicates 
that this extrapolation is a comparatively safe one. / 

The following table gives the values for A* and 1 — A^ for hydrogen and 
oxygen found by different experimenters: 


Hydrogen Oxygen 



A * 

I — A * 

A 1 

I 

-A 1 ' 

Leduc and Sacerdote 

0 

. . — 0 00064 

0 

I OOO64 

0 

O OOO76 

O 

0 

99924 

Rayleigh 

. . — 0 00053 

I OOO53 

O . OOO94 

0 

99906 

Chappuis 

— 0.00058 

I OOO58 




Jaequerod and Scheuer 

. . . — 0 00052 

I .00052 

O .OOO97 

O 

99903 

Berthelot 

. . . - O 00060 

1 OOO60 

O.OO085 

O 

99915 


The last three experimenters worked at o°. Rayleigh worked at about 
ii°, finding at this temperature — o 00052 for hydrogen and +0 00076 
for oxygen. He corrected his results to o° by means of a formula pro- 
posed by Berthelot 9 after a careful study of Chappuis’ excellent experi- 
mental results on this subject. Leduc and Sacerdote found A for oxy- 
gen at 16 0 to be +0. 00061, and then corrected this result to o° by 
means of a complex empirical formula burdened with numerous em- 

1 Phil. Trans., 198A, 41J (1902); 204A, 351 (1905), 

2 Chappuis, “Nouvelles Etudes sur lesThermornetres a Gaz.” Travaux et M&noires 
du Bureau International des Poids et Mesures, Vol. XIII. 

* Berthelot, loc. cit . Also “Sur les Thcrmoinktres a Gaz.” Travaux et M&noires 
du Bureau International des Poids tit Mesures, Vol. XIII. 

4 Leduc and Sacerdote, Compt. rend., 125, 297 (1897). Leduc, J. physique (3), 7, 5 
(1898). 

6 Rayleigh, loc. cit. 

* Chappuis, loc cit. 

7 Berthelot, Compt rend., 145, 182 (1907). 

8 Jaequerod and Scheuer, Compt. rend., 140, 1384 (1905); Mem. Soc . Phys. Hist 
Nat. Geneve , 35, 659 (1908). 

8 Berthelot, Sur les ThermomHres a Gaz. 1 . c. 
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pirical constants, obtaining -f-o. 00076. I have made this correction 
by means of Berthelot’s formula and obtained -} o 00083. The neces- 
sity for applying this temperature correction of course diminishes the 
reliability of these results Fortunately, we have compressibility meas- 
urements made at o°. In the case of hydrogen, the value of A varies so 
little with the temperature that the method of applying the correction is 
unimportant, 

I„edue and vSacerdote did not use their data to calculate atomic weights 
by the method of limiting densities. When Berthclot first proposed 
this method, he calculated from these measurements of the compressi- 
bility and Leduc’s measurements of the densities of hydrogen and oxy- 
gen that the atomic weight of hydrogen is 1 0072. There can, however, 
be little doubt that the density measurements of Morlev are the most 
accurate at present available. 1 Bcrthelot 2 has recently repeated this 
calculation, using Morley’s densities, and obtained 1 0077 (1 00768). 
If we correct Leduc and Saeerdote’s measurement of the compressibility 
of oxygen to o° by Berthelot’s method, this icsult becomes 1 00775, 
which is probably the best result which can be derived from these meas- 
urements. 

Similarly, Ray’eigh used his own values for the densities and obtained 
1 0080, which he admitted to be too high, lie did not combine his ex- 
cellent compressibility measurements with Morley’s densities, but when 
this is done we obtain 1 00775. 

Jacquerod and Scheuer used Morley’s value for the density, so their 
result stands, 1 00777. 

Berthclot has not yet used his compressibility measurements to cal- 
culate atomic weights so far as I have been able to find. His measure- 
ments lead to 1 00773. 

Unfortunately, Chappuis did not make any experiments with oxy- 
gen, His work on hydrogen is very thorough, and is a very valuable con- 
firmation of the calculations made above. 

Guye’s 8 method for the reduction of the critical constants is based on 
van der Waals’ equation, the constants a and b being calculated from 
the critical constants. Unfortunately, van der Waals’ equation is only 
an approximation, and for this reason Guye finds it necessary to insert 
in his formula another term involving the critical pressure and an arbi- 
trary empirical constant. For gases whose critical temperature is above 
o°, he finds it necessary to adopt a different and more complex method, 
involving two empirical constants. Although the method gives results 
in good agreement with those obtained by chemical methods in most 

x See Guye, This Journal, 30, 143 (1908). 

2 Berthelot, Compt. rend., 144, 78 (1907). 

8 /. chim. phys., 3, 321 (1905), and many other articles. 
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cases, it hardly deserves as serious consideration as the chemical method 
or Berthelot’s method of limiting densities in selecting the most probable 
value of an atomic weight. Guye, 1 using Morley’s values for the densi- 
ties, and Dewar’s values for the critical constants of hydrogen (Tc = 
32, Pc = 19 .4), and Olszewski’s values for the critical constants of oxy- 
gen, has calculated the atomic weight of hydrogen to be 1 00765. If 
we substitute Olszewski’s 2 recent data for the critical constants of hy- 
drogen (Tc = 32 °, Pc ~ 13.4 to 15), we obtain 1.0078. 

Berthelot 8 has criticized Guye’s method on theoretical and mathe- 
matical grounds and proposed a method of his own for the calculation 
of the correction to the ratio of the densities by the help of the critical 
constants. This method is based upon a modified form of van der Waals’ 
equation, which Berthelot 4 proposed after a careful consideration of 
Chappuis’ wonderful experimental work on hydrogen, nitrogen, and 
carbon dioxide under conditions not very far removed from normal. 
Berthelot calls this method the method of “indirect limiting* density,” 
but it would seem to be more appropriate to call it Berthelot's method 
of “critical constants,” since the critical constants are used instead of 
the compressibility as in Berthelot’s “direct limiting density” method. 
Berthelot, using the critical constants of Wroblewski, which have recently 
been confirmed by Olszewski, has calculated the atomic weight of hy- 
drogen to be 1.0076. The critical pressure of hydrogen is not known 
with sufficient accuracy to determine the fourth decimal place bv this 
method, even if we assume that the formula is exact. 

Leduc, 5 using his method of molecular volumes, calculates the correc- 
tion which must be applied to the ratio of the densities of gases by means 
of a very complex formula containing six empirical constants. Although 
a result obtained in this way has very little value as proof of an exact 
atomic weight, Leduc’s result is included for the sake of completeness 
and to show that its evidence does not conflict. Leduc, using his own 
values for the densities, obtains H — 1.0073. If> however, we combine 
Morley’s values for densities with Leduc’s correcting factor, we obtain 
H =* 1.00765. 

In the following table the final corrected results are collected. The 
name before each number does not necessarily mean that the number 
can be found in the literature in an article published by the given author. 
In the case of the method of limiting densities, the numbers have been 
calculated by Berthelot’s method from the experimental data on com- 
pressibility, found by each authority named. In the case of the other 

1 Compt. rend., 138, 1213 (1904). 

* Ann. ch%m. phys. (8), 8, 193 (1906). 

* Compt rend., 144, 78, 194 (1907). 

4 Sur les Thermometres a Gaz. be. cit,; also Compt. rend., 244, 76, 194 (1907). 

* Compt , rend., 248, 407, 548 (1909). 
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physico-chemical methods, the name indicates the method of calcula- 
tion used. All the results are derived from Morley’s values for the den- 
sities (except, of course, the results of the chemical methods which are 


independent of these results) : 

The Atomic Weight of Hydrogen. 

Chemical methods: 

Morley 1.00762 

Noyes 1 00787 


Mean of chemical methods 1 00775 

Method of limiting density: 

Leduc and Sacerdote 1 .00775 

Rayleigh 1.00775 

Jacquerod and Scheuer 1.00777 

Berthelot 1.00773 


Mean 1.00775 

Method of critical constants: 

Guye (Dewar) ... 1 00765 

Guye (Olszewski) .. . 1.0078 

Berthelot (Wroblewski, Olszewski) 1.0076 

Method of molecular volumes: 

heduc 1.00765 


All of the physico-chemical results fall within the limits of the best 
chemical data. The wonderful agreement of the results obtained by 
the method of limiting density shows that the compressibility data are 
probably verv accurate, and that the largest source of error in these re- 
sults is probably Morley J s density of hydrogen. 

The conclusion drawn by Noyes from the chemical methods that 
1.00775 is the most probable value for the atomic weight of hydrogen, 
is confirmed in a very striking manner by the method of limiting densi- 
ties, which, as has been pointed out, is the most reliable of the physico- 
chemical methods. 

Ukbana, III., February 2, 1^10 


THULIUM. 

(preliminary announcement.) 

By C. James. 

Received February 26, iqio. 

The writer has obtained about 250 grams of the bromate of Cleve’s 
thulium by the continued fractionation of the rare earth bromates more 
soluble than erbium. 

This earth, discovered in 1879, has hitherto never been obtained in a 
pure condition. It is very rare, and comparatively large amounts of the 
ytterbiums are obtained during its preparation. 



518 general, physical and inorganic. 

To obtain this quantity of material about 200 kilos of euxenite, ytter- 
spar, gadolinite, fergusonite and yttrotitanite were employed; and in 
addition the yttrium earths derived from large quantities of monazite, 
supplied by the Welsbach Light Company through the courtesy of Dr. 
H. S. Miner, to whom many thanks are due. 

Thulium bromate is more soluble than erbium bromate, but less solu- 
ble than the corresponding compound of ytterbium. 

Thulium salts are of a pale bluish green color, best seen in artificial 
light. However, this tint is very readily destroyed by minute amounts 
of erbium, the solution becoming first yellowish green, then yellow, color- 
less, and lastly pink as the erbium content increases. 

The material is still undergoing fractionation so as to make sure of 
the non-complexity of this element. 

In addition to the above, it may be as well to state that the more 
soluble portions are being carefully studied, since the most soluble frac- 
tions are colored pale yellowish green when in solution while^tlie inter- 
mediate fractions between these and thulium are colorless. 

It is expected that early in May the determination of the atomic weight 
will have been completed and a study of the compounds commenced. 
All these fractions are being examined by means of a quartz spectrograph 
and Sir William Crookes has kindly offered to investigate the spark spec- 
tra of thulium and erbium with the unequaled instruments at his dis- 
posal. This latter element has also been obtained in a high state of 
purity. 

New Hampshire College, Durham, N. H., 

February 15, 1910 


THE MARSH TEST AND EXCESS POTENTIAL. 

(FIRST PARER. 1 ) 

THE QUANTITATIVE DETERMINATION OF ARSENIC. 

By W. D. Harkins. 

Received May 14. 1909. 

Introductory. ' 

The most widely used method for the determination of small 
quantities of arsenic is the separation as arsine suggested by 
Marsh, 2 together with the decomposition of this gas in a heated glass tube 
as recommended by Liebig. 3 An excellent review of the history of the 
development of this method has been given by Lockemann. 4 

1 Presented at the New York meeting of the American Chemical Society, Decem- 
ber 28, 1906, and in part at the December, 1905, meeting of the Stanford Chemical 
Society. 

* Ann., 23, 207 (1837). 

* Ibid., p. 217. 

4 Z. angew. Chem ,, iS, 416 (1905). 
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In the year 1902 the writer attempted to utilize the Marsh method 
for the direct determination of the arsenic contained in the acid extracts 
from soils, but found that the amounts of arsenic recovered were entirely 
too small. This was explained by the work of Parsons and vStewart 1 
and other investigators- as due to the retentive effect of the iron present 
in the solution. According to Headden and Sadler 3 a successful deter- 
mination bv this method can be made only in the absence of iron, cop- 
per, platinum and their salts. 

In spite of the exidencc cited above, and that of other observers, 4 
A. H. Allen'* recommends that zinc should always contain a certain 
amount of iron to insure a regular evolution of hydrogen, and Gautier 0 
advises that platinic chloride be added in order to make the zinc active. 
Even in what he claims to be his most delicate method, 7 he precipitates 
the arsenic together with ferric hy dioxide and adds the solution of this 
precipitate, containing about o 1 gram of iron, directly to the Marsh 
generator. 

Retention of Arsenic by Iron and Other Metals. 

In view of these facts it was thought advisable to repeat a portion of 
the work of Parsons and Stewart. The experiments confirmed their 
work in every respect, showing that approximately the same percentages 
of arsenic were Held back by the iron as those given in their paper. The 
results obtained, together with a few of the data given by Parsons and 
Stewart, arc appended in Table I : 

Table I - Retention of Arsenic by Iron. 

Arsenic 


wt 


wt 

, — 

, 

Per cent 

Time. 

7a\. 

Reagent 

Iron. 

Taken 

Found 

Found 

Hrs 

35 K- 

h 2 so 4 

O 160 g. 

00 

CO 

I .OO 

53 

6 

35 

HC1 

O 400 

1 .88 

O 72 

38 

5 

35 

h 2 so 4 

7 OOO 

1.88 

O.30 

16 

6 

35 

HC1 

7 I'eCl 2 

00 

00 

O 25 

13 

6 

35 

h 2 so 4 

0.150 

0 

bo 

0 

O.52 


6 

35 

h 8 so 4 

0.150 

0.93 

0 55 

59 

4 



Parsons and Stewart. 




30 


0 060 

5 00 

3 45 

69 


30 


0.300 

5 00 

2.70 

54 


30 


1.500 

500 

2-95 

59 


30 


6 .OOO 

500 

1 .60 

32 



1 This Journal, 24, 1005 (1902). 

* W6hler, Anti,, 25, 217 and 223 (1837). Santermeister, Chem.-Ztg , 15, 1021. 
J. Thiele, Chem. News, 67, 125 (1893). 

J Am. Chem. J., 7, 341. 

4 O. Hehner, J. Chem, Soc. hid., 20, 194 and 200. Chapman, “Reports of the 
Royal Commission on Arsenical Poisoning," Vol. II, page 84. 

8 J. Soc. Chem. Ind., 21, 94 (1902). 

• Bull. soc. chim 27, 20-21, 1030-34 (1902). Ann. chim. phys. (5), 8, 384 (1876).' 
1 Compt. tend ., 137, 158-63. Bull. soc. chim. (3), 29, 859-863. 
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In addition to these results it was found that mercury, platinum, sil- 
ver, palladium, nickel, cobalt, and their salts were injurious in their 
action, particularly mercury , l and that copper is injurious when 
added in large amounts as copper sulphate to the solution The follow- 
ing table gives the results of four experiments upon copper 

Table II 

Arsenic 


Grams 

Grams 

Time 

Pound 

Added 

Zn 

Cu 

Hrs 

Mg 

Mg 

35 

O 037 

6 

I 88 

I 88 

35 

O 184 

6 

I 80 

z 88 

35 

O 368 

6 

I 79 

I 88 

35 

7 000 

6 

O 22 

I 88 


The addition of tin, bismuth, cadmium, lead, or their salts to the gen- 
erator did not cause the retention of any arsenic, except in cases where 
their addition diminished the rapidity with which the zinc was dissolved. 
The Separation of Arsenic from Iron by Heating the Marsh generator. 

It was observed early m the course of the experiments upon the re- 
tention of arsenic by iron, that even after the arsenic had almost stopped 
depositing m the tube, a sudden increase m the rapidity of the evolution 
of hydrogen would cause a considerable evolution of arsine It was 
found impossible to obtain a quantitative separation by merely mcreas 
ing the rate of evolution of the hydrogen, but, when the generator was 
heated to ioo° in a water bath, excellent results were obtained The 
apparatus is shown m Fig i 



Fig i — Apparatus for the determination of arsenic 


1 Win. Thompson, Chem News , 8$, 173 (1901) and 86, 179 (190a) The action 
of the mercury is very different from that of the other injurious metals, since it lessens 
the rapidity of the solution of the zinc, while the other metals increase its rate of solu-* 
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At A is connected an apparatus giving arsenic-free hydrogen, which 
is passed through the tube A C into the flask E, until the aif in the ap- 
paratus is completely displaced. Then, by turning A , acid may be dropped 
into the flask upon the zinc. The arsine and hydrogen pass through a 
Kjeldahl bulb, Z), and a drying tube of calcium chloride, G, into a Jena 
hard-glass tube which lies in the fire-brick furnace RS. A -second tube 
and furnace are always used to test the completeness of the decomposi- 
tion of the arsine. The tubes are cooled at K by a strip of wet filter 
paper, or better by water flowing through a metal trough. Except 
where large quantities were determined, the glass tube was four milli- 
meters in internal diameter, but drawn out to a smaller diameter where 
the arsenic was to be deposited. For all amounts greater than one- 
hatf milligram, the tube was enlarged to a bulb at K. The tube was 
finally cut at a and c (Fig. 2) and wiped by a slightly moist cloth. The 



Fig. 2 . 


tube was then left in the balance case for a considerable time and weighed 
by substitution against a tube of the same size and shape and made from 
the same glass. The arsenic was then dissolved in nitric acid and the 
tube washed with distilled water, dried in air, and finally weighed ex- 
actly as before on a balance sensitive to 0.005 mg. To avoid errors in a 
weighing care must be taken to deposit the arsenic in as small a tube as 
possible. Most of the weighings were made at a high altitude, where 
the air is light and very dry. The tubes were handled by forceps with 
flexible platinum tips, and by platinum wires. 

For each analysis about forty grams of arsenic-free zinc were used. 
The determination was begun by dropping a cold hydrochloric acid solu- 
tion of the arsenic at such a rate that all of the arsenic was added during 
a period of one-half hour. Then the solution was heated gradually by 
boiling, and when the action had subsided somewhat more hydrochloric 
acid (sp. gr. 1.1) was added, 1 100 to 150 cc. of acid in all. Finally 25 

1 All of the methods for the purification of hydrochloric acid described in chem- 
ical literature were tried, and in addition some others which seemed to give promise 
of success. The only method which always gave perfectly arsenic-free hydrochloric 
acid was a modification of that described by Otto (“Ausmittelung der Gifte,” p. 159). 
Either mercuric chloride or copper sulphate was added to hydrochloric acid of a den- 
sity' of 1 . 10, in the proportion of ten to twenty grams to six liters of acid. Hydrogen 
sulphide was then passed until the salts were completely precipitated as sulphides, 
the bottle stoppered, and the solution allowed to stand for four or five days. At the 
end of this time it was filtered and the filtrate distilled, the first quarter of the distillate? 
being rejected. 
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cc. of concentrated sulphuric acid mixed with 25 cc. of water were added 
to the generator. At once, when all the zinc was dissolved, the burners 
of the fire-brick furnaces were extinguished, the tile lifted from the fur- 
naces, and the tubes cooled as quickly as possible. If this is not done, 
air will draw back into the apparatus and water vapor be formed and 
condensed, thus spoiling the determination. In cases where time is 
an object, the generator should be heated from the beginning. 

After a series of preliminary experiments the results given in Table 
III were obtained : 

Tabue III.— Effect of Heat upon the Retention of Arsenic by Iron. 


Wt. zinc. 

Time cold. 

Iron added 

Time ioo°. 

Arsenic found. 

Arsenic taken. 

Grams. 

Hours. 

Gram. 

Hours. 

Milligrams. 

Milligrams. 

35 

8 

0.0 

0.0 

1.87 

1.88 

30 

5 

0.0 

0.0 

1.84 

1.88 

30 

5 

O.075 

1 *5 

1.85 

1.88 

50 

1 

0.400 

6*5 

1.82 

1.88 

30 

3-5 

0.300 

4-5 

1.87 

00 

00 

35 

4.0 

0.160 

2.5 

I.87 

1.88 

40 

1 .0 

0.160 

3 0 

1.86 

1.88 

40 

o -5 

0.400 

2.5 

186 

1.88 

40 

05 

O 400 

4.0 

1.89 

-1.88 

40 

0.5 

0.400 

4.0 

1 .90 

1 88 

40 


0.400 

2 .0 

1 .80 

1.88 

40 


0.400 

2.0 

376 

3-76 

40 


1 .000 

2 .0 

3 - 7 ° 

3-7 6 


A comparison of these results with those given in Table I shows that 
heating the generator practically doubles the amount of arsenic reduced. 
It is evident that the directions which usually accompany the descrip- 
tion of the Marsh test, namely that the generator be kept cold, are cer- 
tainly erroneous and just the opposite of the best procedure. The direc- 
tions should say that the concentration of the sulphuric acid present 
should be kept small near the beginning of the determination. For this 
reason hydrochloric acid is the better acid to use at first. The addi- 
tion of moderately concentrated (1:1) sulphuric acid toward the end of 
the test improves the results, and the acid does no£ prove injurious by 
a resulting reduction. 

In several cases, where the arsenic was deposited with extreme rapidity, 
a part of the mirror was a dark brick-red. This was not due to selenium,, 
since the latter metal was not 4 present. It is possible that this red sub- 
stance was an allotropic modification of arsenic. In these experiments* 
a white crystalline deposit was often obtained between the gas flame 
and the arsenic mirror. It is much less volatile than the arsenic, and 
can easily be separated from the latter by cutting the tube at the proper 
point; In appearance it is somewhat similar to that obtained when alu- 
minium is used in the place of zinc in the generating flask* These de~ 
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posits will be collected until a sufficient amount is obtained for the de- 
termination of the composition of the crystals. 

The Separation of Arsenic by the Addition of Salts to the Generator. 

The purest zinc which can be purchased dissolves in pure sulphuric 
acid with extreme slowness. If the salt of a metal which lies low r er in 
the electromotive series is added to the acid it is found that in almost 
all cases the metal precipitates upon the zinc, but in such a way as to 
leave a part of the zinc surface in contact with the solution. If the metal 
thus precipitated has a lower excess potential than the zinc, which is 
the case with all of the metals considered in this paper with the excep- 
tion of mercury, it w r ould be expected that hydrogen would be libera- 
ted more easily from the surface of the second metal. In such cases we 
find that the zinc dissolves more rapidly than before, except that when 
salts of iron are added without vigorous stirring a considerable time 
often elapses before its effect is perceptible. 

We may assume that the mechanism of solution of the zinc is now as 
follows: positively charged zinc ions pass from the surface of the zinc 
into the solution, and positive hydrogen ions are deposited upon the 
surface of the other metal, which for convenience we may consider as 
platinum. Gaseous hydrogen soon escapes from the surface of the plat- 
inum, and the mechanism of the reaction is the same as though the zinc 
and the platinum were connected by a wire, lying outside the solution. 
The system is a galvanic cell in which the zinc is the negative pole. So 
far as the platinum is concerned, however, the conditions are practically 
the same as if it were the cathode in an electrolytic cell containing sul- 
phuric acid as an electrolyte. With such a system the reduction may 
take place either at the surface of the zinc or of the platinum electrode. 
If at the latter surface only, we have a case of cathodic reduction similar 
to that described by Tafel 1 or by Haber , 2 except that the depolarizer 
is itself a weak electrolyte in the case under investigation . 3 If we as- 
sume that the reduction takes place upon the surface of the cathodic 
metal, the reducing power should be related in some way to the value of 
the cathode potential. This potential depends upon the current density, 
the concentration of the oxide of arsenic, and the value of the excess 
potential for the particular metal. The value of the cathode potential 
( E ) is given by the equation of Haber 4 for the case where no free hydro- 
gen is liberated, 

1 Z . physik. Chem ., 34, 197 (1900). 

,* Ibid., 32, 193 and 271 (1901); 47, 257 (1904). 

* Luther and Schilow, Z, physik. Chem., 46, 777 (1900). This, of course, makes 
possible the direct electrolytic separation of arsenic, provided that the conditions are 
favorable. That arsenic is precipitated as a metal when the reducing action in the, 
generator is small is well known (Parsons and Stewart, toe. cit .). 

* Z. physik. Chem*, 47> 259 <1904)- 
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E * x(RT/n In //C M C H . — const.), 

where I is the current density; C M , the concentration of the substance 
to be reduced; C H *, the concentration of the hydrogen ion; x is a number 
greater than one, whose value depends upon the value of the excess 
potential for the metal, and the subtractive constant represents the 
catalytic influence of the cathode metal upon the reduction in question. 

From a theoretical standpoint, the simplest case for investigation 
would have been the reduction of the oxide of arsenic in an electrolytic 
cell, 1 with a high concentration of arsenic, vigorous stirring, and a rela- 
tively low current density. However, since the work was undertaken 
at the beginning in order to increase the accuracy of the quantitative 
determination of small (but still weighable) amounts of arsenic by the 
ordinary Marsh method, the most favorable conditions for the proof of 
the theory were not chosen, but instead a much more complicated sys- 
tem was used in which the concentration of the oxide of arsenic was low, 
and the current density large. Of the factors in the determination of 
the potential at which the hydrogen is liberated, the excess potential, 
the current density, and the catalytic action of the metal may be varied; 
but since nothing is known in regard to catalyzers for thi^s reaction it was 
decided to work by choosing the first two factors properly and neglect- 
ing the last. 

That arsenious oxide could be more readily reduced to arsine in the 
Marsh generator if the salt of a metal other than zinc was added, was 
suggested in 1893 by Thiele. 2 In trying to determine large amounts of 
arsenic he found that he could not get a complete reduction of the arsenic 
unless stannous chloride was added toward the close. Preliminary ex- 
periments made upon the basis of these suggestions showed that arsenic 
can be quantitatively separated from iron or other injurious metals by 
the addition to the solution of salts of bismuth, tin, lead, and cadmium. 3 

In these experiments dilute sulphuric acid was used, of the concentra- 
tions advised by Chittenden and Donaldson, though in some instances 
hydrochloric acid was added to hasten the solution of the zinc. When 
salts of lead were added to the generator, hydrochloric acid was always 
used, since in this case sulphuric acid acts slowly upon the zinc. Forty 
grams of zinc were used for each determination, and enough of the stan- 
nous chloride or other salt added to make the zinc active. The arsenical 
solution, together with the iron and more of the stannous chloride, was 
then added drop by drop. By the continuous addition of more acid and 
stannous chloride the action was kept as rapid as was possible without 
the loss of arsenic from the heated glass tube, until the zinc was almost 

s Thus eliminating any possible reduction by the zinc. 

* Chem. News , 67, 135 (1893). 

•Chapman and Low, Analyst, Jan., 1906. 
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all dissolved. In this way it was found that weighable quantities of 
arsenic could be separated quantitatively from as much as 0.300 gram 
of iron. It is probable that the separation can be made also from a 
larger amount, but this was not investigated. It should be remem- 
bered that, according to the work of Parsons and Stewart, as little as 
0.060 gram of iron is sufficient to prevent the reduction of thirty-one per 
cent, of the arsenic present. 

Table IV.— Effect of Stannous Chloride and Other Salts upon the Reten- 
tion of Arsenic. 


No. of 

Weight of iron 

Weight of Slid* 

Arsenic taken. 

Arsenic found. 

exp. 

or other element. 

or other salt. 

Milligrams 

Milligrams. 

I 

0 3126 g. Fe 

2 .0 g. SnCl 2 

0.75 

0.75 

2 

O.3126 

2 0 

O 75 

O.74 

3 

O.3126 

1 -5 

0.75 

0.75 

4 

O.3126 

1 5 

0.75 

0.73 

5 

O. I 160 

2 .0 

0 75 

0 74 

6 

0.0600 

2 0 

o .75 

0 73 

7 

0.3200 

4.0 

1 86 

1. 81 

8 

0.2250 

2.0 

1 .86 

1.85 

9 

0.1550 

2 .0 

1 86 

1.84 

10 

0.1550 

2 5 

0.93 

o .93 

11 

0.1550 

2.5 

4 65 

4-58 

12 

O 1550 

3-0 

0 93 

0 91 

13 

0.1550 

2 .0 

0.93 

0.90 

H 

0.155 

4 0 

465 

4.70 

15 

0.155 

No salt 

4- 6 5 

(3 38) 

16 

0.155 

No salt 

93.60 

(72.40) 

*7 

0.155 

5 .0 g. SnClj 

93.60 

91.40 

18* 

O.170 

50 

1 12 40 

113-50 

19 1 

0.170 

5.00 

112.40 

112.80 

20 

0.080 

3.0 g. BiCl 3 

0-93 

0.92 

21 

0.155 

3 0 

0.93 

0 93 

22 

0.155 

3 -o • 

1 .86 

1.85 

23 

0.155 

1 .0 g. CdS 0 4 

0.93 

0.95 

24 

0.155 

4.0 g. CdCl, 

4-65 

4-55 

25 

0.155 

4.0 

4 -b 5 

4.48 

26 

i .0 g. PtCl 4 4H a O 

No salt 

2.79 

(2 36) 

27 

1 .0 “ 

2 .0 g. SnClj 

2.79 

2-77 

28 

0.300 g. Fe 

2.0 g. Pb(C a H s O a ) a 

0.93 

I .90 

29 

0 . 300 “ 

2.0 

1.86 

1.82 

30 

0155 * 

No salt 

1.86 

( 0 . 99 ) 


Numbers inclosed in parentheses ( ) show the retentive effect of salts of iron or 
platinum, when the salt of another metal is not added. 

1 In experiment 17 the amount of arsenic recovered was slightly lower than it 
should have been. Since but 40 grams of zinc were used, in experiments 18 and 19 
this amount was increased to 100 grams, and the size of the flask to one liter. Under 
these conditions no difficulty was experienced in the determination of more than a 
tenth of a gram of metallic arsenic, so this method could be used for the separation* 
of arsenic from iron in ores containing arsenic. 
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It was found possible to make this separation with either arsenious 
or arsenic acid when the iron was added either in the ferrous or the ferric 
state, but the results given above were obtained in experiments where 
arsenious oxide alone was used. 

In the preliminary experiments cadmium salts did not give such good 
results as when salts of tin were added. This seems due, in part, to the 
fact that the evolution of hydrogen was much less rapid in the former 
case. Bismuth salts are less easily purified, and lead salts produce an 
insoluble sulphate when sulphuric acid is used. For these reasons, most 
of the experiments were made with stannous chloride. The salts used 
were purified from arsenic, and all of the other reagents were also purified 
in cases where arsenic was present. 

Good results were obtained by the electrolytic method in the absence 
of iron when as much as two milligrams of arsenic were present, but the 
addition of stannous chloride has not produced the same favorable re- 
sult in the presence of iron as is obtained when the ordinary &ar$h gen- 
erator is used. When zinc electrodes are used in the presence of stannous 
salts the electrodes dissolve rapidly, so that the conditions are almost 
the same as those in the ordinary Marsh test. 

It was considered possible that a part of the great retentive action of 
iron salts might be due to a chemical action between the iron salts and the 
arsine. To test this, the arsine produced in experiments such as those 
given in Table IV was passed through concentrated solutions of iron 
salts, with the result that no arsine was absorbed. This, of course, does 
not prove that compounds are not formed at the surface of the zinc in 
the generator. 

In order to see if there is a connection between the excess potential 
of the metals and the reducing action of the hydrogen liberated from these 
metals in the Marsh generator, it was essential to determine a number of 
excess potentials previously undetermined. These determinations are 
now in progress, and nearly all of the common and rare metals which can 
be obtained in a suitable form have been procured for use in this work. 
The greatest difficulty experienced has been that of keeping the surface 
of the metals in a proper condition, and at the same time to eliminate 
the last traces of oxygen from the apparatus . 1 

Approximate determinations of the excess potential were first made 
by the method of Caspari. The results of these determinations, although 
made by a method which is only approximate in its results, are of some 
value in connection with the data presented. It is hoped that more 
accurate numbers can be presented in the second paper. It is univer- 
sally recognized that the value of the excess potential of a metal depends 

1 See Lewis and Jackson, Z. physik. Chepi., 56, 199 (1906). 
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to such an extent upon its surface condition and its previous condition 
as an electrode that it is impossible to obtain concordant values. 

Tabu® V. — The Excess Potential of the Metals in Volts as Determined by 
the Approximate Method of Caspari. 

Excess potential in volts 


Metal. 


Caapan. 

New determination 

Tafel 1 

Mercury. . . 


O.78 

0.74 

1.30 

Zinc 


. O 70 

O 71 


Lead polished . . . . 


O 64 

0.62 

I.30 

Lead rough 




1-23 

Tin 


• • 0 53 

0.55 

1. 15 

Cadmium 


0 48 


I 22 

Arsenic 



0 39 


Bismuth. . .... 



0.38 

1 .00 

Copper. . . . 


0 23 

0 25 

O.79 

Cobalt . . . 



0 22 


Nickel. . . . 


0 21 

0.15 

O.74 

Silver 


. . 0 15 

0 13 

O.93? 

Gold. .. . 


0.02 


0.95 

Iron 


0.07 



Platinum .... 


0.09 

0 07 


Platinum black 


0 005 

0.002 

0.07 

Palladium . . 


0 48 

0.02 


Palladium black . 



0 002 



Temperature «= 20° C. 


A study was made of the variation of the excess potentials of bismuth 
and copper with the current density. The curves of excess potential 
follow in general the equation 

E - A + B log /, 

in which A and B are constants. From the measurements of Caspar^ 
and of Tafel 2 it would seem that the values of B for silver and gold are 
greater than for nickel and platinum. This shows that it is unsafe to 
draw too definite conclusions as to the relationship between excess poten- 
tial and the reducing action of hydrogen in the Marsh generator, until 
the curves of the variation of excess potential with the current density 
are more definitely determined. That other factors than current density 
influence the excess potential is shown by the results of Tafel upon the 
potential of a silver electrode. When the silver cathode was separated 
from the anode by a porous cell, the potential value for 0.125 ampere 
per sq. cm. and 2 N sulphuric acid was about 1 . 5 volts, while, when there 
was, no separating wall between the anode and the cathode, the potential 
soon fell to 1 . 15 volts. 

1 Z. physik. Chetn., 50, 712 (1904). The values given are for a current density 
of o ♦ x ampere per square centimeter. * 

* Z, physik . Chem 50, 712 (1905). 
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It will be seen by referring to the values for the excess potential of the 
metals given in Table V, that those metals which were found favorable 
to the reduction of the oxides of arsenic to arsine are metals of high excess 
potential, while those which proved unfavorable were metals of low 
excess potential. 

The one seeming exception to this rule, in the case where a salt of mer- 
cury was added, was due to the effect of the mercury in decreasing the 
speed of the solution of the zinc, just as would be expected when the zinc 
becomes coated with an amalgam whose excess potential is as great or 
greater than that of the zinc itself. 

That the rapidity of the reduction and its completeness depended also 
upon the speed with which the hydrogen was evolved, and therefore 
upon the current density, was proved by varying the speed of solution 
of the zinc and weighing the arsenic deposited for a certain time interval. 

The system used was so complicated that the experiments gave little 
light as to the catalytic effect of the different metals upon th^ reduction. 
That the electrolytic method is more favorable for the investigation of 
this problem is obvious. It is probable that the reduction of arsenious 
oxide to arsine takes place in two or more stages, and it 4 s possible that an 
intermediate reduction product other than arsenic may be found. 

Whm the iron was alloyed with the zinc used in the generator, it had 
the same injurious effect as if it were added to the solution as a salt, 1 and 
the addition of stannous chloride proved favorable as before. 

If we consider the system previously discussed, that of platinum de- 
posited upon zinc, it is to be expected that, on account of the lower ex- 
cess potential of the platinum, the hydrogen given off will have a low 
reducing power. That the amount of arsenic reduced to arsine is less^ 
# than that added to the generator was proved by a number of experi- 
ments, only one of which is listed in Table IV (Experiment 26). If a 
salt of tin is now added, the tin precipitates upon the platinum (and upon * 
the zinc as well) and covers it in such a way that a new surface is sub- 
stituted. If this new surface has the same excess potential as tin, the 
reduction should become more rapid than before. That this is the case 
has been proved in a number of instances. 

When a salt of iron is dissolved in the solution the case is more complex, 
since practically all of the iron remains in solution, together with a part 
of the arsenic. Whatever may be the cause of the tendency of iron 
to prevent the reduction, it is probable that the beneficial action of the 
tin added is due to an increase of potential at the surface from which 
hydrogen is liberated. 

The separation of arsenic from iron is extremely important in work 
where only traces of arsenic are present, for almost all substances which 
* Parsons and Stewart, Loc. tit. 
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contain arsenic also contain small amounts of iron, and in no case is the 
zinc used free from iron. For this reason, whenever the Marsh method 
is used, the conditions should be such as are favorable to the separation 
of the arsenic from the iron which is always present. 

The results of this work should not be understood to mean that the 
excess potential alone is the determining factor in the reduction, but 
only that it is one factor. A study of the electrolytic reduction of arsenic 
and arsenious acids will undoubtedly prove that certain metals of lower 
excess potential are more efficient cathodes for purposes of reduction 
than certain other metals of higher excess potential. 

It is interesting to note that arsenic itself is a metal of moderately high 
excess potential, so that, if any arsenic were precipitated upon the zinc, 
the reducing action of the system would not be materially lessened. 
The addition of a solution of arsenic to the Marsh generator makes the 
zinc “active” without the addition of the ( salt of any other metal. 

The fact that the value of the excess potential of the metal added to 
the generator has an influence upon the reduction, proves that at least 
one step in the reduction takes place at the surface of this metal, and 
that at least this part of the reduction is due, therefore, to the hydrogen 
and not to the zinc. 

Summary. 

1. The addition of salts of tin, cadmium, lead, or bismuth to the liquid 
in the Marsh generator makes the zinc “active” without the decrease 
in reducing power which comes from the platinum or iron commonly 
added as salts, or as alloys with the zinc. 

2. Arsenic may be separated quantitatively from iron and determined 

in one process by either heating the generator or by adding a salt of one 
of the metals named above. , 

3. vSo far as has been investigated, metals of low excess potential hinder 
the reduction in the Marsh generator, while metals of high excess poten- 
tial do not have any injurious action. However, it is not claimed that 
this will be a perfectly general relation, since the variation of other fac- 
tors will undoubtedly be great enough to cause exceptions to the general 
rule. 

4. The speed of the reduction of an oxide of arsenic increases with the 
rapidity of evolution of hydrogen, provided that the latter effect is not 
due to the addition of a metal of low excess potential; or the speed of re- 
duction depends upon the current density. This is to be expected, since 
the current density is one factor in determining the electrode potential. 

5. The determination of arsenic is made more accurate by the use of a 
special form of furnace for heating the glass tubes in which the arsenic 
is decomposed. 

6. Since as much as o.i gram of metallic arsenic may be separated 
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from iron and determined quantitatively, this method is applicable to 
the analysis of ores and other substances containing large amounts of 
arsenic. 

7. The method may also be used for amounts of arsenic as small as 
o 001 milligram, but the apparatus must be made much smaller than 
that described. 

Stanpord University and the Univfrsity of Montana. 


[Contributions from the Massachusetts Institute of Technology, Laboratory 
of Inorganic Chemistry.] 

ELECTROLYTIC DETERMINATION OF ZINC. 

By Ellwood b Spear, Edward E Wi-lls and Brainbkd Dyer. 

Received February 14, 1910. 

Many methods have been proposed for the electroanalysis of zinc, 1 
but unfortunately other experimenters have not always been able to get 
the degree of accuracy that the advocates of a particular nfethpd claim 
it is capable of giving. One of us, while doing some electrolytic deter- 
minations of zinc, invariably got high results by several jtnethods. About 
the same time a paper appeared by Price 2 in which he stated that the 
values obtained by all electrolytic methods foi zinc are too high. The 
object of this and the succeeding article was to determine, if possible, 
the magnitude and cause of the error. 

The following methods were investigated : 

1. The sodium acetate method. 

2. The potassium oxalate method. 

3. The sodium, or potassium hydroxide method. 

The endeavor was made to follow the directions given in the literature 
•as closely as possible while testing each method. Unfortunately, the 
instructions are sometimes incomplete, especially with regard to the 
factors, current density, current in amperes and area of cathode surface. 
It is not sufficient to give the current density, or the current in amperes 
alone. Two of these factors should be given from *wbich the third can be 
calculated. 

Over 200 determinations with the above methods have been made 
and it has been found lhat when the zinc was completely precipitated 
the results were invariably too high. 

The effect of varying the following factors was also investigated : 

1. Nature and concentration of the electrolyte. 

2. Form and material of the cathode. 

3. Current density. 

1 Electro-analysis , * * B. F. Smith. Elektroanalytische SchneUmethoden, Fischer, 
“Die Chemische Analyse,” Band 4—5. 

* Chm* News , 94, 18 (1906), and 97 . 89 (1908), 
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4. Temperature. 

The following tables contain a few results that are typical of those ob- 
tained during this investigation : 

Preparation of the Solution . — The zinc solutions were made by dissolv- 
ing a weighed amount of pure zinc (o. 2-0.4 gram) in 4 cc. of nitric acid 
(1.2) and evaporating almost to dryness, after the addition of about 2 
cc. of concentrated sulphuric acid. The zinc sulphate was dissolved in 
water, the electrolyte in question added and the solution made up to the 
necessary volume. At the completion of the electrolysis zinc was always 
tested for in the remaining liquid by the methods given in the last part 
of this article. 

In the following tables under “Kind of electrode" A is a rotating 
(500 revolutions to the min.) copper gauze. B is a platinum dish plated 
with copper. C is a platinum crucible on which the zinc was directly 
precipitated. D was a stationary platinum plate covered with a light 
deposit of copper. U was a stationary, silver gauze. 
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Potassium Hydroxide Method. 
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When the deposits are good the error is very much smaller^than when 
they are loose- and coarse-grained. One of these bad deposits was ob- 
tained and analyzed in the following manner: C. P. zinc was made the 
anode and a platinum plate the cathode in a sodium hydroxide solu- 
tion. The current was made high enough to cause the zinc to tree on the 
cathode and fall off. As fast as this occurred the zinc was removed, 
washed with water and dried at 150°. About 3 grams were prepared 
in this manner. On further heating at 150° for 4 hours only a very 
slight increase in weight (0.6 mg.) took place. Two samples of 1 gram 
each were analyzed by the ammonium phosphate method and one by 
the carbonate 2 method. The per cent, of zinc obtained was 88.38, 
88.13, 88.17, respectively. The causes for this error are discussed in* 
the following article. 

The Detection of Small Quantities of Zinc . — In order to determine when 
all the zinc is deposited it is necessary to have a convenient and accurate 
test. The delicacy of the tests for zinc is greatly reduced by the pres- 
ence of large amounts of the salts of organic acids/ e . g., oxalates, where 
complex zinc salts may be formed, and doubtless many investigators 
have been misled because of the failure to take cognizance of this fact. 
Some of these tests have been investigated as follows: 

A dilute solution of zinc sulphate (1 cc. contained 1 mg. Zn) was made 
by dissolving pure zinc in nitric acid, adding sulphuric acid and evapora- 
ting just to dryness. Solutions similar to those used in the electrolysis 
in contents and volume were then made and the delicacy determined by 
finding the least quantity of zinc that would give a precipitate with the 

1 Talbot, “Quantitative Chemical Analysis,’* page 64. Bakin, Z. anal. Client., 39* 
^*3/1900). 

P Treadwell and Hall, “Analytical Chemistry,” Vol. a, page 1 17 (1904). 
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reagent in question. The results are summed up in the following para- 
graphs in which the concentrations of zinc are given in milligrams per 
liter. 

Freshly prepared ammonium sulphide is not a good testing reagent 
for zinc at room temperatures. Ten mg. sometimes produces no tur- 
bidity. The delicacy is improved somewhat by raising the temperature 
to 50-60°. The objection to polysulphide is the precipitation of sulphur. 

Hydrogen sulphide is a \ery satisfactory reagent. In a neutral solu- 
tion of zinc sulphate 1 mg. of zinc may be detected at 50-70°. The limit 
at the same temperature is about 4 mg. if 100 cc. 0.90 ammonia are 
added. At io°, with 40 cc. of o 90 ammonia present, 10 mg. of zinc 
will not produce any turbidity for several minutes. Hydrogen sulphide, 
with or without ammonia, is not a delicate test for zinc when large amounts 
of potassium oxalate are present. 

Potassium ferrocyanide is very satisfactory at a temperature between 
50 and 70°. The solution should be made acid w ith 10-15 cc. of sulphuric 
acid (1 84) and potassium ferrocyanide added until the concentration 
is about 25 grams per liter. Under these conditions o 5 mg. of zinc 
will produce a turbidity even in the presence of large amounts of the 
salts of organic acids. 

[Contribution from the Mass. Institute of Technology, Laboratory of Inor- 
ganic Chemistry.] 

ON THE CAUSES OF THE HIGH RESULTS IN THE ELECTROLYTIC 
DETERMINATION OF ZINC. 

By Kllwoop JJ, Speak. 

Received February 14, 1910. 

It has been shown in the previous article that the electrolytic deter- 
mination of zinc by several methods is attended by high results. The 
cause must then be due to the presence of some foreign substance in the 
deposit such as: 

1. Enclosure of liquid. 

2. Salt precipitated with the zinc. 

3. Hydrogen adsorbed or deposited as hydride. 

4. Metal deposited with the zinc. 

5. Zinc oxide or hydroxide deposited with the zinc. 

The first part of this article consists of a detailed consideration of the 
above-named possibilities and the conclusion is finally reached that the 
formation of zinc oxide, or hydroxide, is the real cause of the high re- 
sults. The second part deals with theoretical considerations. 

The method of preparation of the solutions to be electrolyzed and the 
experimental conditions during the electrolysis were, except where other- 
wise stated, the same as in the preceding article. 
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Enclosure of Liquid . — It is extremely improbable that a smooth de- 
posit of zinc would enclose a liquid, yet the best deposits are too high. 
Heating the dried deposit to 200° should reduce the weight, if any liquid 
were present. This was done repeatedly with different deposits and an 
insignificant increase in weight was always noticed, due, doubtless, to 
a very slow oxidation of the zinc. Further, electrolytic zinc that had 
been deposited from a solution that contained only sodium and zinc 
sulphates was carefully washed with water, alcohol and ether succes- 
sively, dried and weighed. This weight was found to be invariably 
too high, if all the zinc had been deposited from solution. These de- 
posits were next dissolved in hydrochloric acid, evaporated almost to 
dryness and the residue dissolved in a few cc. t>f water. On adding barium 
chloride not a sign of turbidity resulted on long standing. If any of the 
liquid had been enclosed some turbidity must have been in evidence 
under the conditions of the experiment. The last argument would also 
apply if any salt had been precipitated with the zinc. 

Hydrogen Adsorbed or Deposited with the Zinc . — That any appreciable 
quantity of hydrogen is not contained in the deposits w r as proven in the 

following manner : About o . 4 gram of 
zinc was deposited on a copper gauze 
electrode from a sodium acetate solu- 
tion. The deposit was in every case 
from 0.7 to 2.0 per cent, too high, 
which would correspond to 3 to 8 mg., 
or 40 to 100 cc. of hydrogen gas. The 
gauze electrode with the zinc deposit 
was put into the ignition tube A (Fig. 
1) and covered with mercury. Flask B 
was filled to the neck with water and 
connected with the water in C by a 
short tube. B served as a trap to catch 
any meicury that might distil over. 
C was a 100 cc. graduated tube and 
was connected with the water in j?. 




The mercury was boiled in A for 20 
minutes. When the apparatus had 
cooled the water rose in C to the same 
level at which it stood before the 


heating. If any hydrogen had been contained in the zinc deposit it 
would have been given off and caught in C when the zinc formed an 
amalgam with the mercury. 


Metal Deposited with the Zinc . — If the high results were caused by the 


presence of a foreign metal, such as sodium, in the deposit, then there 
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should be some relation between the magnitude of the error and the 
concentration of the sodium salts present during the electrolysis. This 
proved not to be the case, although the concentration was varied from zero 
to 200 grams per liter. Furthermore, two of these deposits were analyzed 
for sodium as follows: About one-half gram of the deposit was dissolved 
in hydrochloric acid and the zinc precipitated with ammonium carbonate. 
After acidifying with hydrochloric acid the filtrate was evaporated to 
dryness and the ammonium salts expelled. On once more precipitating 
the remaining zinc in a small volume with ammonium carbonate and ex- 
pelling the ammonium salts the residue was not weighable. io to 20 

mg. of sodium chloride must have remained if the high results are to be 

accounted for by the presence of sodium in the deposits. 

Zinc Oxide or Hydroxide Deposited with the Zinc . — An attempt was 
made to reduce the zinc oxide by heating the deposit in a current of hy- 
drogen gas. Owing to the volatility of the zinc and also of the zinc 

oxide, this was found to be impracticable. Reasons for believing in 

the presence of the oxide, or hydroxide, in the deposit are given below: 

Zinc deposits from sulphuric acid solutions, where impoverishment 
of zinc in the cathode portion is prevented, have highly reflecting metal- 
lic surfaces and are found to be pure zinc by the best gravimetric meth- 
ods. This was proven in the following manner: One gram of zinc 
sulphate was dissolved in 50 cc. of water to which was added 1 cc. of 
sulphuric acid (1.20). A rotating platinum crucible was made the 
cathode, pure zinc the anode, and the zinc deposited with a current of 
one ampere. The deposit was washed with water, alcohol, and ether, re- 
spectively, dried and weighed. The zinc was then dissolved in a few 
,cc. of hydrochloric acid and the crucible again weighed. The zinc was 
determined by the phosphate method. 1 The results were as follows: 


Klee. Z u taken. Zn found 

1 0.1890 0.1891 

2 O.1837 O 1841 

3 1 . 1054 1 . 1040 


Zinc deposits from neutral or dilute alkaline solutions have little or 
no metallic appearance. Those from acetate or oxalate solutions are 
dull gray. The upper portion of the deposit is often quite white, resem- 
bling zinc hydroxide. Deposits from strongly alkaline solutions are 
gray to black, depending upon the fineness of division of the metal ; they 
are never smooth or metallic if the cathode portion becomes impover- 
ished with regard to zinc. These finely divided, black deposits decom- 
pose water so rapidly, if sodium salts are present, that the bubbles of 
hydrogen gas can be seen rising from the surface of the metal. If they 
are wet with water and let dry in a desiccator they increase in weight 
and become quite white. 

1 Talbot, ‘‘Quantitative Analysis,” p. 64. Dakin, Ztschr. anal . Ckem., 39, 273 (190b). 
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Pure zinc deposits obtained from sulphuric acid solutions increase in 
weight and become white and non-metallic on the outside if made cath- 
ode for some time in a nearly neutral or slightly alkaline solution. In 
very dilute sulphuric acid solution (io cc. (1.20) per liter) the appear- 
ance and weight do not change. In strongly acid or alkaline solutions 
the zinc dissolves faster than it is reprecipitated by the current, and the 
weight of the electrode consequently decreases. This is sfio^yn by the 
following experiments: 

Pure zinc deposits were obtained from sulphuric acid solution accord- 
ing to the method already given. They were then dried,, weighed, made 
cathode in a neutral sodium acetate solution free from zinc and electro- 
lyzed for 30 minutes with a current density®! 2.5 amperes. The results 
are given below\ Column 1 is the weight of the zinc obtained by the 
deposition from dilute sulphuric acid solution ; column 2 gives the weight 
after 30 minutes: 


0.1833 

0.1839 

Deposits became non -metallic in appear/nee.. 

0.5202 

0.5237 

u u a u 

0 . 2499 

0.2508 

it U U (( 

0.2787 

0.2787 

Very dilute acid. No change in appearance. 

0. 1810 

0.1783 

Acid stronger. No change in appearance 


In order to prove that the oxidation of the zinc did not take place after 
the electrolysis while the electrode was being washed and dried, the fol- 
lowing experiments were carried out: 0.2 to 0.4 gram of zinc was 
deposited from a sodium acetate solution according to the best methods 
that we have found. Copper gauze was employed as cathode and the 
deposits were all excellent. When the electrolysis was finished, without 
disconnecting the current or stopping the electrode, the solution was 
gradually replaced by water, alcohol and ether, respectively, and finally 
with ether that had been dried with sodium. The electrode, com- 
pletely submerged in ether, was now put into a covered dish and the 
ether evaporated off in a current of hydrogen. In this way the deposit 
was never allowed to come in contact with the air until the zinc was 
quite dry. It would, therefore, be impossible for the oxidation of the 
zinc to take place after the electrolysis. The results of several analyses 
carried out in this rnannei are given below. Column 1 gives the weight 
of pure zinc taken and column. 2 the weight of the deposit: 


X. 

3. 

0.2106 

O.2129 

0.2439 

0,2472 

0.2513 

O.2592 

0.2671 

O.2855 

0.2843 

0.2894 

0.2713 

O.2747 

0.3014 

0.3033 

0,3x77 

O.3238 
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When solutions of sodium acetate are electrolyzed they become alka- 
line, owing to the formation of sodium hydroxide at the cathode and the 
oxidation of the acetate to carbon dioxide and subsequent escape of 
this gas at the anode. If the solution is not sufficiently concentrated 
with respect to sodium acetate the zinc will be precipitated out as hy- 
droxide as soon as the solution becomes alkaline. If too much free acid 
is present alff the zinc cannot be precipitated. If an excess of the acid is 
avoided, then the layer of liquid in the immediate neighborhood of the 
cathode becomes slightly alkaline, zinc hydroxide is formed in this layer 
and is precipitated with the zinc, possibly because it is enclosed or 
adsorbed. 

The most obvious remedy that suggests itself would be to make the 
solution so strongly alkaline that the formation of zinc hydroxide would 
be impossible. This has been found to be impracticable because hydro- 
gen is evolved so rapidly at the cathode that the character of the de- 
posit is destroyed as soon as the solution becomes depleted with respect 
to zinc. Furthermore, strong alkaline solutions attack zinc deposits, 
especially those that are finely divided, so vigorously that it is almost 
impossible to completely precipitate the zinc. If the current density 
is increased, the solution foams because of the rapid evolution of hydro- 
gen and a bad deposit results. 

Theoretical Considerations . — A certain potential exists between a pure 
zinc electrode and a solution of zinc salts of given concentration. This 
potential depends upon the concentration of zinc ions, not upon the 
total amount of zinc in the solution and increases as the concentration 
of the zinc ions decreases. Therefore the applied electromotive force 
necessary to deposit zinc from a solution of its salts must be increased 
as the electrolysis proceeds. These facts are expressed mathematically 
by the following vrell-known equation : 

^Zn soln ~ E zn ( RT/ 2 F ) In C Zn + 4 ( 1 ) 

it is the fall of potential in volts between the electrode and the solu- 
tion, E Zn is a constant equal to n when the concentration of the zinc 
ions is unity, R is the gas constant, F one Faraday’s equivalent, C the 
concentration of the zinc ions in gram mols. per liter. 

A similar equation must apply to hydrogen at atmospheric pressure 
surrounding a reversible electrode and a solution containing hydrogen 
ions: 

*H, - *oln - - (RT/2F) In C’ + . (2) 

, If the hydrogen electrode is taken as zero, the potential between pure 
zinc and a normal solution of its ions is 0.77 volt . 1 The limiting con- 
centration at which zinc can be quantitatively determined is about io~ 5 . 
Assuming complete dissociation and putting these values in equation 
1 Wilsmore, physik. Chem 35, 308. 
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(i) we get as a result 0,91 volt. The potential of the hydrogen elec- 
trode aginst a neutral solution calculated by equation (2) is 0.41 volt. 
It would, therefore, be impossible to precipitate zinc electrolytically 
** from a neutral solution were it not that the overvoltage of hydrogen 
on zinc electrodes is high. For actual working conditions, then, we 
must add to equation (2) another term, rj, which is a variable and is de- 
pendent upon the nature of the electrode and upon the current density. 

By decreasing the concentration of the hydrogen ion i. e. f by making 
the solution alkaline, it would be more and more difficult to evolve hy- 
drogen at the electrode. Unfortunately, however, the concentration of 
the zinc ion is diminished to a far greater extent than that of the hydro- 
gen ion by the addition of a base, and thus tte’ conditions are still more 
unfavorable for the complete precipitation of the zinc. This is appar- 
ent from the following considerations: 

The equilibrium equation for the dissociation of water is 

(H)(OH) - K x or (H) 2 - K\/{ OH) 2 . # (3) 

Zinc hydroxide is an amphoteric electrolyte and therefore dissociates 
both as an acid and as a base. For the dissociation as an acid we have 
the equation , * 

(H + )*(ZnOj )/ (Zn(OH) 2 ) - K r " (4) 

As a base, 

(Zn++)(OHr) 7 (Zn(OH) 2 ) * K r (5) 

Substituting (3) in (4) we get 

K*(Zn 0 2 ) / (OH ) 2 (Zn (OH"") 2 ) - K v (6) 

Dividing (5) by (6) and transposing we get 

(Zn++)( 0 H-) 4 /(Zn 0 2 ) - KjCjK, - K 4 . 

We see, then, that while the concentration of the hydrogen ion is in- 
versely proportional to the concentration of the hydroxyl ion raised 
to the first power, that of the zinc ion is inversely proportional to the 
concentration of the hydroxyl ion raised to the 4th power. From these 
considerations, in connection with equations (1) and (2), it will be easily 
seen that it becomes relatively more and more difficult to precipitate 
zinc as we increase the concentration of the hydroxyl ion. 

Summary. 

In this article it has been experimentally shown that the high results 
obtained in the electrolytic determination of zinc are not caused by the 
enclosure of liquid, presence of a salt, hydrogen in the deposit, nor by the 
presence of another metal. The true cause is the deposition of zinc 
oxide or hydroxide with the zinc. 

Theoretical considerations for the electrodeposition of zinc have been 
discussed and reasons for the rapid evolution of hydrogen in strong alka- 
line solutions have been given. 
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NOTES. 

Titration of Ferrous Salts in the Presence of Hydrochloric and Phos- 
phoric Acids . — Referring to a recent article by Elwyn Waller concerning 
the use of calcium phosphate in solutions containing hydrofluoric acid, 
when the solution is to be titrated by potassium permanganate, to obviate 
the bad effect of the hydrofluoric acid on the permanganate, it seems to 
me that the beneficial agent in this reaction is really the phosphoric acid. 

I wish to state that the use of phosphoric acid alone in iron solutions 
to be titrated by potassium permanganate was first proposed by me about 
two years ago; my experiments and conclusions were published in the 
Western Chemist and Metallic gnt t for Nov., 1907. 

In trying to devise an Improved method for the determination of iron 
in bone-black (which is nearly pure calcium phosphate), I found that 
the solution acidulated with hydrochloric acid could be titrated directly 
by permanganate, with great accuracy, the results checking with those 
made by the standard bichromate method, to hundredths of a per cent. 

As the hydrochloric acid present seemed to have no effect on the per- 
manganate, I reasoned that this must be due to the action of the phos- 
phoric acid. 

The method as applied to bone-black was as follows: The hydrochloric 
acid solution of the bone-black, after filtering off the carbon, was nearly 
neutralized by sodium carbonate to faint opalescence, then acidulated 
with 1 or 2 cc of concentrated hydrochloric acid, the carbon dioxide 
expelled, the solution reduced by addition of sodium sulphite, the sul- 
phur dioxide expelled, the solution diluted with cold water to about 
300 cc., and titrated with potassium permanganate. 

After securing such favorable results on bone-black, I was impelled to 
trv the method in the titration of iron in iron ores. I found it worked 
perfectly and gave extremely accurate results, provided one or two pre- 
cautions were observed, namely, the use of a minimum amount of hy- 
drochloric acid, not over five to ten cubic centimeters of concentrated acid, 
at the most, titration in a cold solution of about 300 cc. volume, and the 
avoidance of stannous chloride in reducing the iron. 

The iron may be advantageously reduced by sodium sulphite, by alu- 
minium, by zinc, or by test-lead. If test-lead be used, the reduction may 
be satisfactorily accomplished in a strongly acid solution, or in one that 
has been almost neutralized by sodium carbonate ; and wheie we cannot 
avoid the presence of much hydrochloric acid, this reduction by test- 
lead in a nearly neutral solution would appear to be the best ; or we can 
use zinc dust (powder), which also acts most rapidly in a nearly neutral 
solution. 

It must not be thought that this improvement is simply a modifica- 
tion of the old Zimmerman-Reinhardt method. In that method^ the 
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manganese sulphate takes up hydrochloric acid, becoming manganese 
chloride, and the phosphoric acid present was supposed simply to de- 
colorize the ferric iron and keep the solution colorless. But we see now 
that the phosphoric acid really plays a double r61e, and the addition of 
manganese sulphate and sulphuric acid is not at all necessary. 

As the titration of iron solutions by potassium permanganate is much 
the preferable method in technical work, owing not only to its rapidity 
and ease of execution, but also to the sharpness of the end reaction, it 
seems to me that any suggestion that will tend to improve the method 
and make it more general of application cannot fail to be of great value 
to technical chemists generally. George J. IJough. 

The Action of Coke on Solutions of P'erric Chloride . — In a previous com- 
munication 1 the author gave some data showing the extent to which 
iron is removed from a solution of ferric chloride by filtration through 
coke. # 

* 

The opinion was then expressed that this action was largely due to 
sulphur compounds which had not been wholly removed from the coke, 

A new series of experiments has been made to test this View, such pre- 
cautions to eliminate sulphides from the coke being taken as the author’s 
slender laboratory equipment would permit, and the results have con- 
firmed the author in his opinion. The conclusion is, in brief, that no 
iron was taken up by coke so treated, from an approximately deciuormal 
solution of ferric chloride under a variety of conditions, though a part of 
the salt was reduced to the ferrous condition. Coke similarly prepared 
did not abstract any copper from an approximately decinormal solution 
of cupric chloride. This last is in accord with the statement of W. O. 
de Coninck, 2 who, however, originally stated that the iron was abstracted 
from ferric chloride solution. 

The following are the details of the new experiments: 

Preparation of Coke . — Ordinary coke was ground and passed through a 
sieve of ioo meshes to the inch. It was then treated with hydrochloric 
acid, and after that with a mixture of concentrated hydrochloric and nitric 
acids. After standing a few days the acids were decanted off and the 
coke washed repeatedly with water, dried in the air and on the steam 
bath. Any higher temperature' was avoided lest by local superheating 
residual sulphates should be converted into sulphides. The coke so 
treated, when heated with hydrochloric add, gave no fumes capable of 
darkening lead test-paper. 

Ferric Chloride Solution . — To a concentrated and add solution of fer- 
ric chloride, sodium carbonate was added in such quantity that, though 

1 This Journal, 31, 461. 

4 Compt. rend,, 130, 1332. 
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still acid to litmus, the color became essentially that characteristic of 
basic chloride. The solution was then diluted to the desired strength. 
Titration with standard potassium dichromate showed i cc. ~ 0.0053017 
gram iron. 

In each experiment 40 grams of coke and 100 cc. of ferric chloride 
were used. 

Experiment z . — The solution was percolated, with the help of a filter pump, through 
the coke contained in a "J ones reductor” tube. The percolated liquid was then 
passed through a dry filter paper. 

Experiment 2 — Coke was placed in a flask and ferric chloride solution was added 
to it. The flask was stoppered and allowed to stand 24 hours; its contents were then 
filtered tUfcough a dry paper. 

Experiment j . — Similar to Experiment 2, but that the time was 1 hour only. 

Experiment 4 . — Similar to Experiment 3, but that a portion of the mixture was 
removed and filtered after standing only 15 minutes, while the remainder was allowed 
to stand for a whole hour, so that two separate filtrates were obtained. 

Each of the filtrates from the foregoing experiments was titrated 
with potassium dichroinate after treatment with stannous and mer- 
curic chloride in succession. It was found that, as before being in con- 
tact with the coke, 1 cc. in each case contained 0,0053017 gram iron. 
Under the conditions of each experiment it was found that a part of 
this iron had been reduced to the ferrous state, but the amount of this 
reduction was in no case determined. 

Experiment 5. — A solution (as nearly as possible neutral) of cupric chloride was 
substituted for that of ferric chloride, but thejeonditions werejoiherwise as in Exp. 3. 
The concentration of the cupric chloride solution was such that 1 cc. =* o 006301 g. Cu. 
It was unaffected by the addition of the coke, as proved by subsequent titration with 
sodium thiosulphate. 

Alfred Tingle. 

Laboratory of the Chinese Imperial Tei Tang Mint, 

Tientsin, China. 


• Note on the Paper Entitled “ Some Organic Tungstates .'’ — In the June 
number of the Journal I published a brief paper entitled “Some Organic 
Tungstates.” The paper described and identified a number of tung- 
states of aliphatic amines. I have since received a letter from Dr. Eederer, 
of the Westinghouse Metallfaden-Ghihlampenfabrik, claiming priority 
and enclosing a copy of English patent No. 27,002, 1906, in which the 
following statement occurs: 

“For this purpose advantage is taken of the fact that the trioxides 
and acid hydrates of the said metals (tungsten and molybdenum) com- 
♦bine with ammonia or with mono- and polyamines to form salts, and 
these salts, either alone or mixed together, with or without the addition 
of other tungsten or molybdenum compounds or of the metals themselves, 
are formed into a paste by the addition of an agglutinant, which paste 
is formed into filaments which are then heated.” * 



54 * 


ORGANIC AND BIOLOGIC At. 


From the above it is evident that Dr. Lederer experimented with 
compounds of tungsten, similar to those described in my paper, with a 
view to their use in the incandescent lamp industry, but did not isolate 
the compounds nor determine their composition by analysis. This was 
the main purpose of my paper. John B. Ekei*EY. 

Paris, January io, 1910. 


THE BASIC PROPERTIES OF OXYGEN: COMPOUNDS OF DI- 
METHYLPYRONE AND THE HALOGEN HYDRIDES. 

By D. McIntosh. 

Received February 12, 1910. ■ 

In 1899 Collie and Tickle 1 produced crystalline compounds bjFthe ad- 
dition of various acids to dimethylpyrone. They showed that neither 
water nor carbonic acid was eliminated by this treatment and that a 
simple ratio existed between the molecular quantities of the two reacting 
substances. To explain their results in terms of the current ^ilency 
theory, they advanced the view suggested many years earlier by Friedel, 
that in certain compounds oxygen may act as a tetravalent element 
(the oxonium theory). , * 

Since Collie and Tickle's paper appeared, additive complexes of sub- 
stances containing oxygen have been widely studied by Baeyer and 
Villiger, Kehrmann, Hantzsch, Werner and many others. 

The salts of dimethylpyrone have naturally undergone careful inves- 
tigation. Collie and Steele 2 have produced compounds with iodine and 
hydriodic acid, Weinland and Reischle 3 combinations with hydrofluoric 
acid, while Plotnikov 4 has described basic and acid salts with chloro- 
and bromo-acetic acids. The constitutions of these compounds are 
explained by the assumption of a tetravalent oxygen atom or by the 
subsidiary bonds according to Werner's theory. 

In Collie's first paper dimethylpyrone was represented as a ring con- 
taining two divalent oxygen atoms, which for discussion may be termed 
the ethereal and the carbonyl oxygen atoms. The salts of dimethyl- 
pyrone were supposed to have the acid attached to the ethereal oxygen 
atom, although no reason for its selection was given ; and the compounds 
were represented as 

X— O-H 



C 

II 


1 /. Chem . Soc 75, 710. 
* Ibid ., 77, 1 1 14 (1900), 
1 Per., 41, 3671 (1908). 
' Ibid ., 42, 1154 (1909), 


O 



THE BASIC PROPERTIES OP OXYGEN. 


543 


Recently Collie 1 has changed his views regarding the composition of 
the pyrone and its salts. The former is supposed to have a tetravalent 
oxygen atom, and in the latter the acid is attached to the carbonyl oxy- 
gen atom. The constitutions given are: 



This hypothesis is strengthened by the work of Homfrav 2 and also by 
the spectroscopic measurements of Baly. 3 On the other hand, Will- 
stater and Pummerer 4 give reasons why the pyrone itself cannot have a 
tetravalent oxygen atom and inferentially why its salts cannot have the 
formulas attributed to them. 

In a former paper 5 I attempted to show that some of the compounds 
regarded by Baeyer and Villiger as containing tetravalent oxygen atoms 
were merely cases of solid solution, while others formed from hydro- 
ferrocvanic acid and the alcohols did not differ in structure from salts 
with alcohol or water of crystallization. Dime thy Ipy rone, like ferro- 
cyanic acid, is a solid at ordinary temperatures, and since its salts might 
be looked on as pyrone with “acid of crystallization/' I have examined 
some of its compounds over a considerable temperature range. 

Materials . — The dimethylpyrone was purchased from Merck. No 
process of purification was thought necessary as its salts of the halogen 
acids w r ere identical with those described by Collie and Tickle. The 
halogen hydrides were prepared and liquefied in the ordinary way. The 
hydrogen fluoride was obtained by distillation of a pure solution of the 
acid, and experiments with it were carried out in platinum vessels. 

Since the formation of compounds is often indicated by electrical 
conductance in solution, measurements of dimethylpyrone in hydrogen 
bromide at — 78° and in hydrogen chloride at — ioo° were made. The 
results are given in the tables and shown in the diagram: 

1 J. Chem. Soc., 85, 973 (1904)* 

* Ibid ., 87, 1443 (*9°5)- 

* Ibid ., 9 6, 144 (1909). 

* Ber. t 37, 3740 (1904); 38, 1461 (1905)* 

* This Journal, 30, 1097 (2908). 
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Hydrochloric acid. 


Hydrobromic acid. 


Molecular 


Molecular 

Dilution. 

conductance. 

Dilution. 

conductance. 

93-0 

O.18 

42.O 

O.13 

53.8 

0. l8 

29.2 

O.27 

41.4 

0.19 

19-5 

O.27 

20.0 

0.29 

* 5-4 

O.41 

13-3 

O.38 

13*3 

O.49 

9.6 

O.48 

20.6 

0.62 

7*4 

0.57 

90 

O.78 



7-5 

O.94 



6.7 

1.16 



5-9 

X.36 



5 *4 

X.56 



49 

X 75 



4-3 

2.05 


Dimethylpyrone itself cannot be looked on as an electrolyte. It must 
unite with the hydrobromic acid, otherwise the conduction of electricity 
would be impossible. The union cannot take place with a halogen and 
hydroxyl attached to the carbon, as suggested by Werner, for this compound 
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O: 



c— x 

I 

OH 


should not be ionized. The pyrone moves to the cathode during elec- 
trolysis, so the halogen is not attached to the oxygen by a double bond. 
Further, since the molecular conduction increases with concentration — 
as it does with all substances containing oxygen and nitrogen in these sol- 
vents —complex ions must be formed. 1 We may thus expect compounds 
in which the pyrone and acid are not present in equimolecular proportions. 

Hydrochloric Acid Compounds . — A solution of dimethylpyrone in aqueous 
hydrochloric acid was kept in a vacuum desiccator till dry. It contained 
22 . 6 per cent, acid and was, therefore, C 7 H„ 0 3 HC 1 . Another specimen, 
dried between filter papers, gave iq 2 per cent, acid, corresponding to 
C 7 H s 0 2 HC1.2lIX). These compounds were first prepared and described 
by Collie and Tickle. 

Dimethylpyrone dissolves readily in liquefied hydrogen chloride with 
an evolution of heat, noticeable, but small compared with that given 
bv ether, etc. A crystalline substance soon separates out, which melts 
sharply at —25 °. Analyses of different preparations gave 42.6, 45.5, 
44.1 and 42 7 per cent. acid. C 7 H/) 2 .2HC1 contains 36.4, C 7 H 8 () 2 .jHC 1 , 
46 9 per cent. 

Evidence of the existence of a more complex compound with a much 
lower melting point w T as obtained. The difficulty of removing the ex- 
cess of acid was so great that this body was not examined further. 

Hydrobronnc Acid Compound . — From an aqueous solution of hydro- 
bromic acid and dimethylpyrone compounds containing from 39.3 to 
40 per cent, acid were produced. By dissolving the pyrone in the an- 
hydrous acid and allowing the excess to evaporate salts with 38.9, 30 2, 
38.4, 39.3 per cent, acid were made at various times. C 7 H H G 3 HBr 
contains 39.5 per cent, acid (Collie and Tickle). In anhydrous hydrogen 
bromide dimethylpyrone forms an oily liquid which dissolves easily. 
At the saturation point a compound probably containing one molecule 
of acid appears and this floats on the hydrobromic acid and dissolves 
but slowly. When the saturated solution is allowed to stand or vrhen a 
crystal of the pyrone is added quickly with a stirrer, prismatic crystals 
(probably orthorhombic) with faces appear. These crystals give, on 
analysis: 

Sample I, 74 . 7; 75 . 1 per cent. acid. 

Sample II, 74.2; 75.1 percent, acid. 

Mean, 74.8 per cent. acid. * 

* Steele, McIntosh and Archibald, Z. physih. Chem. t 52, 129 (1906). 
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This compound is doubtless C 7 H 8 0 2 4HBr, which contains 72.3 per cent. 

When warmed, the tetrahvdrobromide melts sharply at — 59 0 , the ex- 
cess of acid quickly evaporates, and a solid reappears. This substance 
has a high vapor pressure and when “dried ,, at — 35 0 contains 59.5, 
at - 13 0 53.2 percent, acid, which corresponds to C 7 H 8 0 2 2HBr. It melts 
at — 2 0 and is converted into the compound containing one molecule of 
acid. Vapor pressure measurements have failed to .show the existence 
of a compound containing three molecules of acid. 

Hydrwdic Acid Compound s. — Dimethylpyrone dissolves, but less 
readily, in hydrogen iodide than in the bromide, and at a low temperature 
crystals separate out. These contain 83.3, 83 6 and 84.6 per cent, 
acid in three preparations, while C 7 H 8 0 2 .4lII has 82 2 per cent. 

At — 42 C 7 H 8 0 3 .4fiI melts and a substance with 69 8 per cent, acid 
separates, which in its turn liquefies at 4 7° and yields C 7 H 8 0 2 HI. A 
compound of one molecule pyrone and two of hydrogen iodide contains 
67 4 per cent. acid. 9 „ 

Hydrofluoric Acid Compounds — Since fluorine does not unite directly 
with oxygen, oxonium compounds with hydrofluoric acid, should prove 
of the greatest interest. Landolph 1 claims to have produced two sub- 
stances in which hydrogen fluoride was united with acetone, and quite 
recently Weinland and Reischle 2 describe two dimethylpyrone hydro- 
fluorides. The formula C 7 H H 0 2 .3lIF.o is given to one prepared 

from the aqueous acid, the other from an alcoholic solution is represented 
as C 7 H h 0 2 3 5IIF0 5II0O. 

Stable compounds of pyrone and hydrofluoric acid are not easy to pre- 
pare. In one experiment an aqueous solution of acid and dimethyl- 
pyrone was kept over sulphuric acid and potash in a vacuum desiccator. 
When dry the salt contained 20 3 per cent. acid. After two weeks the 
acid content had fallen to 15.1 per cent.; two weeks later to 13 1; and 
after standing two months longer, only 10 7 per cent, acid remained. 

A crystalline preparation, made with a large excess of acid, when drie<i 
between filter papers, held 37 7 per cent. ; after two weeks in a desiccator 
this was reduced to 30.8 per cent. acid. 

A third sample, made by mixing pyrone and acid in approximately 
molecular proportions, gave, when dried, 14.9 per cent, acid; after two 
weeks further drying, 13.9 per cent,, which corresponds to the formula 
C 7 H 8 0 2 HF. But after five months the acid had fallen to 9.6 per cent. 
If compounds of dimethylpyrone and hydrofluoric acid are formed they 
are neither so simple nor so stable as those with the halogen hydrides. 

1 Compt. rvnd. t 86, 1463; 96, 580. 

1 Loc . cit. 

Nora — Anhydrous hydrofluoric acid is unlike the halogen hydrides. When 
treated with ether, acetone, etc., much less heat is evolved and compounds, if formed, 
do not crystallise out easily. 
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We have seen that hydrobromic acid unites with dimethylpyrone to 
give three stable compounds containing one, two and four molecules of 
acid. Since hydrobromic acid does not polymerize even when liquefied, 
any theory to explain the linking of the acid in the simplest compound 
should apply equally well to the others. We may regard these additive 
compounds as pyrone with “acid of crystallization,” or we may ascribe 
formulas to them in which oxygen has a higher valency than two. 

If we accept Collie's representation of the constitution of dimethyl- 
pyronehydrobromide, 


O 



it is difficult to give a satisfactory explanation of the formation of the 
other salts, unless we admit the possibility of the linking between the 
two oxygen atoms being broken at such a low temperature. But if we 
regard the dimethylpyrone itself as a substance with two divalent 
oxygen atoms we may represent the three salts as 


() H O-Br 




,/°\ T 


,/% 


H ^o< H 

Br >u< Br 


W N Br IV x Br 

the first containing one, the second two tetravalenl, and the third three 
hexavalent oxygen atoms. 

In the most complex salt the oxygen is supposed to function as a hexad, 
and this may be objected to as unusual and unnecessary. Yet the same 
arguments advanced for the tetravalency of oxygen apply equally strongly 
to its hexa valency here; and the position of this element in the sixth 
column of the periodic table permits the view that its valency may vaty 
as does that of sulphur, selenium and tellurium. 


ELEMENTARY ANALYSIS BY MEANS OF A CALORIMETRIC BOMB. 

By Harold L. Higgins and Alice Johnson. 

Received January 34. u>io. 

Since the complete oxidation of organic material, with the quantitative 
conversion of carbon to carbon dioxide, and of hydrogen to water, presents 
the greatest difficulty in elementary organic analysis, it fe not surprising 



548 


ORGANIC AND BIOLOGICAL. 


that particular attention has been paid to making use of the ideal condi- 
tions of oxidation obtained inside of a calorimetric bomb. Burning 
substances in oxygen at a pressure of 25 atmospheres results, usually, 
in complete oxidation with minor products of combustion, particularly 
the oxidation of a small amount of nitrogen to nitric acid. 

One chief objection to the use of the bomb for ordinary elementary 
analysis has been the fact that about 1 gram of substance is required, 1 
and in many instances, particularly in the field of organic chemistry where 
frequently but a small amount of material may be available, this pre- 
cludes the use of the method. On the other hand, in many researches 
where both the heat of combustion and an elementary analysis are desired, 
the bomb can be used to great advantage. 

In metabolism experiments, either with men or with animals, where 
it is desired to determine not only the energy ba'ance but likewise the 
carbon and hydrogen balance, elementary analysis by the bomb is of 
especial value. Under these conditions, it is necessary to dfterpiine 
both the heat of combustion of the food, feces, and urine, and the amount 
of carbon and hydrogen in these products; and the simultaneous de- 
terminations allow a great saving in time. Usually the substances to be 
dealt with are in sufficient quantities to permit of large samples, and of 
duplicate combustions. With coal and other fuels, simultaneous de- 
terminations of heat and elementary analyses may also be made where 
the percentages of carbon and hydrogen present in the coal are desired 
in addition to the energy value as represented by the heat of combustion. 

The Determination 0} Carbon. — The most common method of determin- 
ing carbon by the calorimetric bomb has been to collect, in potassium 
hydroxide or soda lime, all the carbon dioxide formed during the com- 
bustion of the substance and to weigh the amount collected. Berthelot , 2 
and later Hempel, 8 determined carbon in this way, using a one-valve 
bomb. The last traces of carbon dioxide were removed by suction, the 
gas being swept out several times and the bomb refilled with dry air. 
The method is simplified, however, by using a bomb with two valves, as 
shown by Krdker* and Fries, 5 the bomb being eventually freed of carbon 
dioxide by passing air through it. 

Zuntz and FrentzeF in 1897 suggested a method for making carbon de- 
terminations with the bomb, wherein they found the total weight or 

1 Hempel obviated this objection by the use of a small autoclave similar to the 
bomb, whereby smaller amounts of substance could be burned more satisfactorily, Ber. t 
30, 202 (1897). See also Langbein, Chem.-Ztg 38, 1055 (1909). 

3 Berthelot, Compt. rend., 114, 317 (1892), and 129, 1002 (1899). 

* Hempel, Loc. cti. 

* Kroker, 7 ,. Ver. Rubenzucker- Industrie, 46, Heft 482. Ber., 30, 606 (1897). 

4 Fries, This Journal, 31, 272 (1909). 

* Zuntz and Frentzel, Ber. t 30, 380 (1897). * 
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volume of the gases resulting from the combustion and by analyzing these 
gases, they were able to calculate the total amount of carbon dioxide 
present. Following this suggestion we have, under the direction of 
Professor Benedict, developed a method which seems to offer excellent 
opportunities for routine carbon analyses, which are sufficiently accurate 
for the most exact physiological experimenting. According to this method, 
we first weigh the' gas at the end of the combustion and then determine 
the carbon dioxide in a sample by means of a Haldane gas analysis ap- 
paratus. 1 Knowing the weight of the gas, the percentage of carbon 
dioxide, and the amount of nitrogen present, we can calculate the amount 
of carbon dioxide present by the use of a formula obtained from the fol- 
lowing equations: 

(1) x 4 y = c — a . 

(2) (jr/1.43 I - y/ 1.966 *1 a/1,26) 6/100 — y/ 1.966. 

In these equations, a equals weight of nitrogen gas; 6, per cent, carbon 
dioxide in gas; c, weight of gas; x, weight of oxygen; and y, weight of 
carbon dioxide. The gas in each instance is that in the bomb at the end 
of the combustion. Solving for y, we obtain : 

pH 0.137a)/ (0.2727 -f 72.73 jb) «=■ weight of carbon dioxide, 
or 

the weight of carbon 2 ~ 3 y/ 1 1 = (c -f 0.137a) / ( 1 1 266.67/6) 

Thus, having the total weight of carbon in the bomb, the percentage 
of carbon in the substance is readily obtained, after applying corrections 
for the carbon in the kindlcr, in the igniting thread, and in the oxygen 
used. 

The Determination of Hydrogen, — Berthclot 3 suggested that the bomb 
may be used in determining hydrogen by driving out all of the water as 
vapor and absorbing and weighing it in a dehydrating agent, such as 
concentrated sulphuric acid or calcium chloride. He immersed the bomb 
in a water bath and exhausted and admitted air alternately. Kroker, 4 
with a two-valve bomb, was able to simplify this process, but the method 
has the following decided disadvantages: (1) The presence of nitric acid 
(as well as sulphuric acid, when the substance burned contains sulphur) 
makes it difficult to expel all of the water and nothing else, and further- 
more, these acids tend to attack the valves of the bomb; (2) the heating 
of the bomb in the bath also increases the liability to injure the enamel 
lining; (3) it is very difficult to get the interior of the bomb perfectly 
dry at the beginning of the combustion, as is necessary when this method 
is used; (4) the operation is very time-consuming. 

1 Haldane, J. Physiol 22, 465 (1897). 

• 0.137 represents (molecular weight oxygen/tnolecular weight nitrogen) — 1 ; 
266.67 represents too molecular weight oxygen/atomic weight carbon. 
f Berthelot, loc . cit, 

4 Krtiker, he. cit. 
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Langbein 1 determined the water formed by placing a drying glass 
containing phosphorus pentoxide within the bomb, expelled most of 
the nitric acid by passing air through the bomb in a bath at ioo°, and 
determined the sulphuric acid by titration. Hempel , 2 using a small 
autoclave similar to the bomb, drove out only a part of the water, and 
collected it in a calcium chloride tube. The remainder was weighed in 
the autoclave itself, the water representing the difference in weight of 
the autoclave when empty as compared with its weight after the com- 
bustion gases had been swept out, corrections being applied for nitric 
acid, for ash, and for the water formed from the kindler. We have ap- 
plied Hempel f s method to the bomb, modifying it somewhat to assist in 
making the determination more rapid and better adapted to routine work. 
The method of calculation of the water formed is easily understood from 
the following equation: 

Weight of water formed = d — e -f /, in which • 

d = Weight of bomb after combustion, when it contains combustion gases at i 
atmosphere pressure, — weight of gas in the bomb — weight of nitric aria forced — 
weight of ash. 

e «=• Weight of bomb before charging with oxygen — weight of air it contains — 
weight of pellet — weight of ignition thread - - weight of kindler fafused)* 

/ — Weight of water leaving the bomb on releasing the pressure. 

The percentage of hydrogen is then easily calculated, corrections being 
necessary for the hydrogen in the ignition thread, in the oxygen (if any 
is present), in the nitric acid, and in the kindler. 

Description of Apparatus Used. 

Calorimetric Bomb . — In this research we have employed a Kroker 
bomb, such as has been used by Jaeger and von Steinwebr , 3 and Fischer 
and Wrede . 4 The bomb is lined with enamel (although platinum may^ 
be substituted) and has a platinum-lined cover, and two valves with 
platinum-iridium points, one for the admission of oxygen and the other 
through which compressed air may be admitted to completely drive 
out the combustion gases if desired. The method of analysis here de- 
scribed is applicable, however, to a one-valve bomb. Instead of igniting 
the sample by iron wire, we use platinum wire, a cotton thread extending 
from this platinum wire to the substance to be burned ; to ignite the sample, 
the current is passed through the platinum wire, raising it to incandescence 
and igniting the thread which, in turn, ignites the substance. A platinum 
cup is furnished with each bomb, but we find that the platinum deteri- 
orates rapidly and we have therefore substituted nickel capsules;* a nickel 
wire support serves to hold the capsule in place. 

1 Langbem, Z . offentl. Chem. t 76 (1897). 

1 Hempel, loc. cit. 

8 Jaeger and von Steinwelir, Bet . phys. Ges., 5, 353 (1903). 

* Fischer and Wrede, Sitzber. K. Preuss. Akad. Wis$. t g, 1*9 (1908). 

8 See Atwater and Snell, This Journal, 35, 659 (1903). 
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Compressed Oxygen . — In all of the more recent experiments we have 
used Linde oxygen made from liquid air, which is free from carbon dioxide 
and combustible gases. Analyses made of this gas showed but 6 milli- 
grams of carbon dioxide in xoo grams of oxygen, and we were unable 
to find an appreciable amount of hydrogen or hydrocarbons. 

Balance . — For weighing the bomb in our analyses, we make use of a 
balance 1 on which one is able to weigh accurately a load of io kilograms 
to o.o i gram. 

Gas Analysis Apparatus . — For our gas analyses, we use the Haldane 
apparatus, with which analyses of carbon dioxide and oxygen can be 
made with an accuracy of i part in 500. As a compensating burette is 
used, variations in pressure and temperature of the outer air are without 
effect. For the finer adjustment of the level of the mercury, a screw 
pinchcock of special construction is so applied that after closing all com- 
munication with the leveling tube, a slight motion of the screw so alters 
the pressure 011 the rubber tube as to allow a very accurate adjustment 
of the mercury in the burette. 

Method of Manipulation. 

In a determination, the bomb is first cleaned. The substance to be 
burned is then weighed— with the capsule, if ash is present — and put 
into the bomb, the ignition adjusted, and the cover screwed on. The 
valve is opened and then closed to make sure that the interior is at at- 
mospheric pressure and the bomb and contents are weighed to 0.01 gram. 
The bomb is next charged with oxygen to 20 or 25 atmospheres and again 
accurately weighed. The combustion follows, the bomb being placed 
in a calorimeter, if a determination of the heat of combustion of the 
material is also desired After the combustion, the bomb is carefully 
dried until it weighs exactly the same as it did before the combustion, so 
that the weighings taken after the combustion may be upon the same 
basis as those before. 

The gas is released from the bomb, passing through a weighed U-tube 
containing sulphuric acid, then through the top of two T- tubes connected 
to two Haldane gas samplers previously filled with mercury, and finally 
bubbles through water. When the combustion gases have seemingly 
displaced the air previously in the system, the two gas samplers are 
filled with the gas by displacement of mercury, the mercury in the sample 
being lowered by means of a leveling bulb connected to the lower end of 
the sampler; then the gas in the sampler is put under pressure of mercury 
by closing the upper stopcock, and raising the leveling bulb on the outside. 
When the gas in the bomb reaches atmospheric pressure, the bomb is 
closed and weighed. It is then opened, the ash, if any, is weighed, and 

1 The balance, with glass case, was furnished through the Bausch & Tomb Optical 
Co., at a duty-free price of about $40.00. 
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the rinsings are titrated for nitric acid. In determining the amount of 
nitric acid, we use the method of Stohmann, titrating with a solution of 
sodium carbonate of 0.003706 gram per cc.; 1 cc. of this solution is equiva- 
lent to 0.004406 gram of nitric acid, the heat of formation of which is 
1 calorie. A table can readily be prepared showing the respective weights 
of nitric acid, hydrogen and nitrogen which the various volumes of sodium 
carbonate solution represent. With the analysis of the gas samples for 
carbon dioxide, all the data necessary for the determination of carbon 
and hydrogen are at hand. 

The gas samples, being under pressure, need not be analyzed imme- 
diately but may be kept a week or longer, and a number of analyses made 
at the same time. The value of keeping the samples under pressure lies 
in the fact that if a slight leak occurs, some of the gas inside may escape, 
but none from without can enter the sampler. If, however, the gas 
samples have been kept for some time, they should be tested to find out 
if they are still under pressure, and if not, they should be discarded. 
When the analyses of the two samples show a marked difference, the 
one having the larger percentage of carbon dioxide is taken, as it is as- 
sumed that the other has air mixed with it ; if the agreement of results 
is good, an average is taken. 

In addition to collecting the sample over mercury, we have allowed 
the gas from the bomb to flow directly through the gas sampler and 
eventually displace all the air. To facilitate this displacement, the direc- 
tion of the flow of gas is reversed during the operation. Duplicate anal- 
yses of gas from the same combustion show no differences in the two 
methods of sampling. 

Calculation of Results . — From the data thus obtained, the computation 
follows. The formula used for computing the weight of carbon is: 

Weight of carbon *» (c ~b o.i37a)/(i + 266.67/6). 

The three factors, c, a, and 6, are derived from the data previously ob- 
tained, c (the weight of gas in the bomb at the end of combustion) 
equals the weight of the bomb immediately after the combustion, less 
the weight of the bomb after all but 1 atmosphere of the combustion 
gas has been released, plus the weight of this atmosphere of gas (cal- 
culated from the table described later), less the weight of water passed 
out of the bomb and collected in the sulphuric acid U-tube. 

The weight of nitrogen gas in the bomb at the end of the combustion, 
a, is found by adding the weights of nitrogen in the atmosphere of air in 
the bomb before' the bomb is charged with oxygen, in the oxygen supplied, 
and in the substance burned, and from this total, subtracting the weight 
of the nitrogen oxidized to nitric acid. The weight of nitrogen in the air 
of the bomb before charging is constant for every bomb and is easily 
calculated from the volume. The weight of the oxygen added to the bomb 
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is equal to the difference between the weights of the bomb before and after 
charging; the weight of nitrogen in this oxygen is obtained by multiplying 
the weight of oxygen by the percentage weight of nitrogen it contains. 1 
The weight of nitrogen in the sample burned is calculated from a Kjeldahl 
analysis of the substance; if no Kjeldahl analysis has been made, 
an estimation of the quantity of nitrogen with an accuracy 
of o.io gram, may suffice, as an error less than this will not affect the 
percentage of carbon by more than 0.15 per cent. 

The percentage of carbon dioxide by volume, b, is found with the Hal- 
dane apparatus. After the total amount of carbon in the oxygen, in 
the thread used for ignition, and in the kindler (such as naphthalene or 
benzoic acid) has been subtracted from the weight of carbon thus found, 
the percentage of carbon is obtained by dividing the weight of carbon by 
the weight of the substance. Assuming the cotton thread (0.006 gram) 
used for ignition is pure cellulose, the carbon in the thread is calculated. 

In calculating the percentage of hydrogen, use is made of the following 
formula : 

Weight of water formed ^ a — e -f /. 
d represents essentially the weight of the bomb proper and the water 
it contains, and is found by subtracting from the weight of the bomb 
at the end of a combustion (with the piessure released and but one at- 
mosphere of combustion gases left behind) the combined weights of the 
nitric acid, of the ash present and of the atmosphere of combustion gases. 
This lattei factor involves a knowledge of the volume of air space within 
the bomb and the composition of the gas. The volume of the air space 
in the bomb is a constant and is found by weighing the bomb full of water. 
The percentage of carbon dioxide is already known, and the percentage 
of nitrogen (6 to 7 per cent, when no nitrogen is present in the substance) 
is found to be sufficiently constant to make an analysis for nitrogen un- 
necessary. A table has been prepared showing the weights of gas occupy- 
ing this space for the varying percentages of carbon dioxide and nitrogen. 
When the substance contains considerable nitrogen, the gas may be 
analyzed for nitrogen on the Haldane apparatus, or it is much simpler 
and sufficiently accurate to approximate the percentage of nitrogen; 2 
this is accomplished by the proportion 

x : 7 «* a : 0.44. 

In this proportion 7 equals the percentage of nitrogen gas usually ob- 
tained when no nitrogen is in the sample, a equals the weight of nitrogen 

1 The percentage of nitrogen by volume is usually supplied by the manufacturer. 

* With a two-valve bomb, one may sweep the combustion gas from the bomb with 
air and thus be able to deal with the weight of the bomb full of atmospheric air, instead 
of combustion gases. This would require more time and also a careful measurement 
of the water leaving the bomb. 
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gas present (a in the formula for determining carbon), and 0.44 equals 
the weight of nitrogen gas usually present, when no nitrogen is in the 
substance. The possible error in the percentage of hydrogen from using 
this formula is very small, an error of 3 per cent, in total nitrogen leading 
to an error of only about 0.0001 gram of hydrogen. The following table 
has been calculated for a bomb containing 275 cc. Intermediate values 
are easily found by interpolation. 

It may be noted that this table is also used in the carbon determination 
in calculating the weight of gas in the bomb at the end of a combustion. 


Per cent. 

Per cent. 

Per cent. 

Wt. 1 liter of gas. 

Wt. of 275 cc 

CO*. 

O*. 

N*. 

Grams. 

Gram. 

12 

8l 

7 

1 .482 

0.4076 

H 

79 

7 

1-493 

0.4106 

16 

77 

7 

1-504 

0.4136 

18 

75 

7 

I- 5 I 5 

0.4166 

20 

73 

7 

1.525 

O 4194 

12 

78 

10 

1-477 

0.4062 

14 

76 

10 

1.488 

O 4092 * 

l6 

74 

10 

1-499 

0.4122 

18 

72 

10 

1. 510 

0.4153 

20 

70 

10 

1.520 

*0*4180^ 

12 

75 

13 

1.472 

0.4048 

16 

7 i 

13 

1.494 

0.4108 

20 

67 

13 

I- 5*5 

O.4166 

12 

72 

16 

1.467 

O.4034 

16 

68 

16 

1.489 

0.4095 

20 

64 

16 

1 .510 

0 - 4*53 

12 

68 

20 

1 .460 

0.4015 

16 

64 

20 

l .482 

0.4075 

12 

64 

24 

1-454 

0.3999 

l6 

6° 

24 

1.475 

0.4056 


21 

79 

1.296 

0.3564 


e represents the weight of the empty bomb. This is found by sub- 
tracting from the weight of the bomb at the beginning of the experiment 
before charging with oxygen (1) the weight of air which it contains (see 
table), (2) the weight of the substance burned, and (3) the weight of the 
ignition thread and kindler. 

/ is the weight of the water leaving the bomb on releasing the pressure 
and collected in the sulphuric $cid U-tube and has been found to be very 
constant (0.017 gram). Owing to the small variation in this weight, 
we have decided that we may safely discard the U-tube and assume the 
weight of water leaving the bomb to be 0.017 gram. 

One-ninth of the weight of water thus found plus the weight of hydrogen 
in the nitric acid formed, minus the hydrogen in the ignition thread and 
in the kindler, gives the weight of hydrogen in the substance. 



ANALYSIS BY MEANS OF A CAU>RIM£TRIC BOMB. 


55$ 


Specimen combustion, 

(Nitrogen-free material.) 

Cane sugar. Weight taken ** i .3117 grams 

Weight of ignition thread 0.006 gram 

Weight of bomb before charging with oxygen 2613.30 grams 

Weight of bomb after adding oxygen 2621.62 grams 

Weight of oxygen 832 grams 

Weight of bomb after combustion gases are passed out 2612 82 grams 

Gas analysis — 1701 per cent. C0 2 Nitric acid * 0.034 gram 

Weight of water leaving bomb on release of pressure .... 0.017 gram 

Weight of gas in bomb at end of combustion with pressure released 0.415 gram 
(from table). 

Weight of air in bomb at start of combustion, 0.356 gram (from table). 

Percentage of carbon . Weight of carbon * (c + 0.1370)7(1 4" 266.67/6). 

2621.62 8.32 

— 2612 .82 X 1 - 6 per cent, (percentage of nitrogen in oxygen by weight). 


8 80 o 1331 

40,415 f 0.2737 nitrogen in air in bomb 


9,215 0.4068 

— 0.017 — 0.007 nitrogen in nitric acid. 


9.198 ** c 0.400 = a 17.01 «= b 
Substituting m this equation: 

Weight of carbon ** [9.198 + (o 137) (o.4oo)]/[i f 266.67/17.01] **9.253/16.677 ** 
0.5548 gram. 

o-5548 

— 0.0027 carbon in thread. (No carbon in the oxygen used.) 


0.552X carbon in sugar. 

0.5521 1. 3117 « 42.09 per cent, carbon. 

Percentage of hydrogen. Weight of water ** d — e 4 /. 


2612.82 

2613 3o'j 

— 0.4x5 

■0.356 

2612 405 

2612 944 

— 0 034 

— 1 .312 

2612.37 x « d 

2611 .632 


— 0.006 


2611 .626 = e 

Substituting, weight of water — 2612.371 — 2611.626 4 0.017 0.762 gram. 

0.762/9 — 0.0847 gram * weight of hydrogen. 

0.0847 

40.0005 hydrogen in nitric acid. 


0.0852 

— 0.0004 hydrogen in ignition thread. 

0.0848 gram hydrogen in sugar. 

0.0848 1.3117 - 6.47 per cent, hydrogen,. 
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Specimen combustion. 

(Nitrogenous material.) 

Urea. Weight taken = i . 9202 grams 

Kindled by 0.0583 gram of benzoic acid. 

Weight of ignition thread 0.006 gram 

Weight of bomb before charging with oxygen 2613 22 grams 

Weight of bomb after adding oxygen 2620 87 grams 

Weight of oxygen 7 65 grams 

Weight of bomb after combustion gases are passed out 2612 .50 grams 

Gas analysis « 14.135 per cent. CO a . Nitric acid — o 050 gram 

Weight of water leaving bomb on release of pressure o 017 gram 

Weight of gas in bomb at end of combustion with pressure released o 404 gram 
(from table). 

Weight of air in bomb at end of combustion 0.356 gram (from table). 

Percentage oj carbon. Weight of carbon «* (c 4- 0.137 a)/( 1 + 266.67 //>), 

Gas in bomb contains approximately 21 per cent, nitrogen for: 

x : 7 per cent. «■= 1.29 : 0.44 x *=* 2o l / a per cent. 

2620.87 7.65 

— 2612.50 X 1 .71 per cent, (per cent, nitrogen in oxygfti). 

#■ 

8.37 o . 1308 nitrogen in oxygen 

4*0 404 0.2737 nitrogen in air 14.135 *• b 

0 g 9 £ 7 n jtrogen in urea 

8.774 

— 0.017 1. 301 

— 0.011 

8 .757 grams — c 

1.29 grams — a 


Substituting in this equation: 

Weight of carbon — [8.757 4* (0.137) (i.29)]/[i 4- 266.67/14.135] « 8.934/19.866 

«= 0.4497 gram. 

Carbon in thread o . 0027 o . 4497 

Carbon in benzoic acid kindler. . . 0.401 — o . 0663 

Carbon in oxygen used 0.0235 

0.3834 gram carbon in urea 


0.0663 gram 


0.3834 -7- 1.9202 — 

19.97 per cent, carbon. 

Percentage of hydrogen. 

Weight of water **» d 

2612.50 

2613.22 

— 0.404 

—0*356 

2612.096 

• 2612.864 

— 0.050 

— 1.920 

2612 .046 — d 

26x0.944 


— 0.058 


26x0.886 


— 0.006 


• + / 


0.017 


/ 


36x0.880 ■» t 
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Substituting, weight of water — 2612.046 — 2610.880 4* 0.017 «* 1.183 grams 
1 . 183/9 — o. 1314 gram of hydrogen, 
o. 1314 0,0004 hydrogen in ignition thread 

-f-0.0008 hydrogen in nitric acid 0.0029 hydrogen in benzoic acid 

0.1322 0.0033 

—0.0033 


0.1289 gram hydrogen in urea 

0.1289 1.9202 6.71 percent, hydrogen 

In a carbon determination, the greatest liability to error rests with the 
gas analysis. An error of one- third of 1 per cent, in gas analysis should 
make a similar error of one-third of 1 per cent, in the result. Under the 
most adverse conditions, one should not make an error of greater than 
±05 per cent, in these analyses and in the sampling. As the formula 
involves two weighings of the bomb, allowing each weighing is inaccurate 
to ±0.01 gram, a maximum error of ±0.02 gram is possible which would 
ordinarily be about ±0.2 per cent, in the iotal carbon. Errors from 
other sources would be so small as to be practically negligible, so that 
the total maximum error possible is ±0.7 per cent. 

The hydrogen determination is liable to a slightly larger percentage 
error. Two weighings of the bomb being necessary, an error of 0.02 
gram of water is possible, involving from 1 per cent, to 5 per cent, error 
in the hydrogen according to the amount of hydrogen in the substance. 
All the other data used in calculating the water are sufficiently accurate 
to involve an error of not more than 1 per cent. One or two features 
in the analysis for hydrogen require attention: the presence of hydrogen, 
or hydrocarbons, in the oxygen used will cause the formation of water 
in the bomb; if an oxygen cylinder contains even as small an amount as 
0.02 per cent, of hydrogen by weight, as much as 0.0144 gram of water 
will be formed when using about 8 grams of oxygen in a combustion, thus 
introducing an appreciable error. We have tested several cylinders of 
Linde oxygen and failed to find hydrogen in any of them. Another 
seemingly apparent difficulty would be the action of oxygen and nitric 
acid upon the lead gaskets of the bomb. The lead when oxidized would 
increase in weight and this increase would be measured as water. Prac- 
tically, it has been found by experiments that the lead gasket, although 
superficially oxidized, does not appreciably increase in weight; experi- 
ments with an aluminium gasket give results parallel to those with the 
lead, although with the aluminium gasket there is no apparent oxidation 
during combustion. It is seen that the liability of error in the hydrogen 
determination varies from 2 to 6 per cent., according to the amount of 
hydrogen present. « 

The following determinations give some idea of the fluctuations of the 
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results of this method for determining carbon and hydrogen simultane- 
ously. 




Per cent. C. 

Per cent. H 

Sugar 

Theory 

42 1 1 

6-43 

t $ 

I 

42.06 

6.46 


II 

42.28 

6.42 


Ill 

42.23 

6-57 

Benzoic acid 

Theory 

68.85 

4.92 


I 

68.97 

5.00 


IL 

68.77 

5 *u 

Urea 

Theory 


6.67 


I 

19-85 

6.77 


II 

19-96 

6.71 

Hippuric acid Theory 

60.34 

5*03 


I 

60.31 

4-93 


Nutrition Laboratory of thk Carnegie Institution of Washington, 
Vila St., Boston, Mass. 


THE COMPOSITION OF SOME BENGALI FOOD MATERIALS. 

By Hops Sherman and H. L. Higgins. 

Received January 24, 1910. ' • 

The importance of a knowledge of the dietetic habits of various nation- 
alities was frequently emphasized by the late Professor W. O. Atwater. 
In connection with an extensive investigation into the food and diet of 
different classes of people in America, which was instituted by him and 
carried out under his direction, considerable material was collected 
regarding the dietetic habits of other nationalities, especially those of 
the Chinese and Japanese . 1 These data show that many popular impres- 
sions regarding the diet of people in foreign countries are erroneous. 
Particularly is this true with regard to the relative proportions of animal 
and vegetable food and with regard to the amount of protein ingested. 

While considerable information has been gathered concerning the food 
and diet of Europeans and Americans, with the exception of the publi- 
cations previously referred to, but a small amount of data is available 
regarding the dietetic habits of the swarming population of Asiatic coun- 
tries. Of especial interest, therefore, is an investigation of the highest 
scientific accuracy as to the food and diet of various classes of people in 
India, which has been undertaken within the last few years by Captain 
D. McCay, of the Calcutta Medical College. Captain McCay first studied 

1 Blasdale, ‘ ‘A Description of Some Chinese Vegetable Food Materials and Their 
Nutritive and Economic Value/' U. S. Dept. Agr., Office Exp. Sta., Bull. 68 (1899). 
Jaffa, '‘Nutrition Investigations among Fruitarians and Chinese at the California Agri- 
cultural Experiment Station, 1899-1901,” U. S. Dept. Agr., Office Exp. Sta., Bull 107 
( 1901 ).* Jaffa, * ‘ Further Investigations among Fruitarians at the California Agricultural 
Experiment Station/' U. S. Dept. Agr., Office Exp. Sta., Butt . 132 (1903). Oshima, 
14 A Digest of Japanese Investigations on the Nutrition of Man/* U. S. Dept. Agr., Office 
Exp. Sta., Bufl. 159 (1905)^ 
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the dietetic habits of the Bengalis, who are practically vegetarians, living 
for the most part on rice and dhall (pulse). The results of this study 
have been published in a memoir, 1 in which Captain McCay points out 
the noticeable peculiarities in the dietetic customs of the Bengalis, and 
discusses their bearing upon the physical development and endurance of 
this class of people. 

Inasmuch as the heats of combustion of the typical foodstuffs studied 
were not determined by Captain McCay, it seemed desirable to secure 
definite evidence with regard to these values, and arrangements were 
made by Professor F. G. Benedict, Director of the Nutrition Laboratory, 
to secure from Captain McCay samples of the food materials used in the 
investigations. A collection of these samples was sent to the Nutrition 
Laboratory from India in air-tight cans, and the analyses have been 
made and the heats of combustion determined by us. 

As soon as the samples were received, they were ground and placed 
in well-stoppered, sealed bottles; determinations were then made of the 
water, nitrogen, fat, and heat of combustion. All the determinations 
w’ere made in duplicate, frequently in triplicate, and the results are given 
in the table herewith. 

The w r ater was determined by prolonged desiccation in a high vaccum, 
according to the method of Benedict and Manning. 2 The nitrogen de- 
terminations were made by the Kjeldahl method, which was carefully 
checked by the determination of nitrogen in pure uric acid. The deter- 
minations of the fat were made in a special apparatus designed by Winton. 
The heat of combustion was determined in a Kroker calorimetric bomb 
by means of a new form of adiabatic calorimeter, designed by Benedict 
and Higgins. 3 The hydrothermal equivalent to the calorimeter system 
was so taken that the heat of combustion of pure cane-sugar was 3959 
calories per gram. 

For purposes of comparison, the composition of various American 
food materials, as given by Atwater and Bryant, 4 is included in the table. 
Thus, wheat and wheat ata (the latter, a flour obtained by grinding 
wheat) are compared with the ordinary grades of American wheat flour; 
makkai ata, with corn meal and corn ; dhall (pulse), with the dried peas used 

1 McCay, “Standards of the Urine and Blood and the Bearing of the Metabolism 
of Bengalis on the Problems of Nutrition,” Scientific Memoir No. 34. Issued under 
the authority of the Government of India by the Sanitary Commission with the Govern- 
ment of India, Simla. Calcutta, 1908. 

' * Benedict and Manning, “The Determination of Water in Foods and Physiological 
Preparations,” Aw. /, Physiol ., 13, 309 (1905). 

* Benedict and Higgins, “An Adiabatic Calorimeter for Use with the Calorimetric 
Bomb,” This Journal, 32, 461 (1910). < 

4 Atwater and Bryant, “The Chemical Composition of American Food Materials,” 
U. S. Dept. Agr„ Office Exp. Sta., Bull, 2$ (1902), , 
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m this country ; and rice, with the ordinary uncooked rice of commerce. 
Certain determinations which have been made by Captain McCay on 
these food materials and published by him in the memoir referred to have 
also been included in the table under the heading “Calcutta analyses/' 
Analyses of Bengali and American Food Materials. 

Heat of cora- 

Sample Water, Nitrogen. Protein . 1 Fat. bustion 

number. Substance. Percent. Percent. Percent. Per cent. Cals, per g. 


Bengali food material c. 


I 

Wheat 4 

10.20 

1 .96 

12.25 

2.17 

4 

010 

2 

Wheat ata (wheat flour) . . . 

.. 9.82 

2-33 

14-56 

3*39 

4 

093 

3 

W T heat ata (wheat flour). . . 

.. 10.51 

2.02 

12.63 

2.14 

3 

949 

4 

Makkai 2 (corn) 

.. 10.00 

1.77 

11 .06 

5 03 

4 

132 

5 

Makkai ata (corn meal) . . . 

.. 9.94 

1 *52 

9.50 

4.41 

4 

057 

6 

Arar dhall (pulse) 

* * 9 70 

3.58 

22.38 

1. 5 i 

4 

067 

7 

Arar " * 

. . 9 3 ° 

358 

22.38 

1*45 

4 

072 

8 

Arar « * 

7-99 

365 

22 81 

1.82 

4 

IIO 

9 

Gram “ * 

. . 9.00 

3-50 

21.88 

4.81 

4 

290 

10 

Gram * “ 

•• 8.99 

3-54 

22 13 

5 *4 

. 4 

293 

zi 

Gram * " 

9.48 

3 82 

23.88 

5*14 

4 

274 

12 

Kalai “ “ 

•• 9-95 

3 96 

2475 

o .75 

4 

026 

13 

Kalai “ “ 

■ m.43 

3 9 i 

2 4 - 44 * 

0.88 

4 

042 

14 

Massur “ u 

■ • 978 

423 

26.44 

0 67 

4 

063 

15 

Massur “ " 

. 10.19 

4.42 

27 63 

0 70 

4 

056 

16 

Massur * " 

9.80 

4.24 

26 50 

0.80 

4 

060 

17 

Mottar “ “ 

9.82 

4.22 

26.38 

0.90 

4 

041 

18 

Mottar “ " 

. . 9 70 

4.87 

30.44 

1 .02 

4 

IIO 

19 

Mung u * 

. . 9.80 

4.09 

25 - 5 6 

0.85 

4 

05 * 

20 

Burmab rice 

•• 8.95 

1.26 

7.88 

0 42 

3 

823 

21 

Rangoon rice 

•• U -59 

1.29 

8.06 

o .45 

3 

818 

22 

Rice (new) 

.. 10.82 

1.23 

7.69 

0.19 

3 

810 

23 

Rice (old) 

Calcutta analytes,* 

. . IO.69 

1.19 

7-44 

0 29 

3 

801 


Ata 



11.50 

290 




Arar dhall (husked) 



19.86 

3.20 

. . 



Massur dhall 



23*25 

2.70 


. . . 


Rice .... 

American jood materials.* 

639 

0.15 




Wheat flour 

.. 12.0 


11. 4 

1 .0 


... 


Corn meal 

.. IO.3 

.... 

7*5 

4.2 


. . . 


Peas (dried) 

•* 9-5 


24.6 

1 .0 


. . . 


Rice : 

.. 12.3 


8.0 

03 




1 Different factors for computing the protein of the various classes of food materials 
have been proposed by Atwater and Bryant (see Kept. Storrs, Conn., Agr. Expt. Station, 
1899, PP< 76- 79), Jiut the factor 6.25 was used here in all cases so as to make the results 
more nearly comparable with those of Captain McCay. 

2 Received whole, and ground for sampling. 

8 McCay; Loc. tit., pp. 34 and 35. 

4 The values for these food materials were taken from Bull, 28 of the Office 
of Exp. Sta., U. S. Dept. Agr. (1902), and represent the average of a large number of 
analyses. 
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The samples sent to the Nutrition Laboratory for analysis were taken 
from the old crop and packed for shipment during the hot, dry season. 
Captain McCay also analyzed samples of these food materials from the 
same crop, but the samples were selected earlier in the year when the crop 
first came upon the market. The results are as yet unpublished but 
Captain McCay reports that his analyses agree very satisfactorily with 
those made by us, allowing for the variations in moisture content oc- 
casioned by the difference in time of sampling. 

Of special interest in the results here shown is the large amount of fat 
in the wheat ata. The proportion of fat in wheat flour, as commonly 
used in this country and as shown bv some 200 analyses , 1 is from 0.3 to 
1.9 per cent., while for the two samples of wheat ata analyzed by us, it 
was 3.39 and 2.14 per cent, respectively, and 2.90 per cent, as shown by 
the Calcutta analyses given in the table. The higher percentage of fat 
will result in a corresponding increase in the heat of combustion. The 
proportion of fat in the Gram dliall is also high as compared with the other 
varieties of dhall, being fully three times that shown for any of the others, 
and the heats of combustion are likewise higher. 

Nutrition Laboratory of tjik Carntgip Institution’ of Washington, 

Vila St . Boston, Mass 


[Contribution from the Food Research Laboratory, Bureau op Chemistry, 
United States Department of Agriculture ] 

AN APPLICATION OF THE FOLIN METHOD TO THE DETERMINA- 
TION OF THE AMMONIACAL NITROGEN IN MEAT. 

By M. E Pennington and A D Greenlkb. 

Received January 27, 1910. 

The quantity of loosely bound nitrogen which occurs in protein-rich 
tissues such as meat has long been recognized as an indication of the 
freshness of the substance. Bacteria have been recognized as energetic 
agents in the decomposition of these protein-rich tissues, with the forma- 
tion of relatively large amounts of such loosely bound nitrogen. 

The methods for the estimation of the quantity of this nitrogen have 
been far from satisfactory, though the Folin method has served well for 
its estimation in such substances as urine. 

For the estimation of the so-called ammoniacal nitrogen in meat and 
meat extracts, distillation with magnesium oxide has been the method 
most used.* This method, however, is unsatisfactory in that, even after 
hours of distillation, small quantities of ammoniacal nitrogen continue 
to be evolved and the conditions of the experiment, especially the rate 
of distillation, markedly affect the amount of nitrogen split off. That 

* Atwater and Bryant, Loc . tit., p. 58. 

* Richardson, This Journal, 30, 1515. 
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which is evolved during the first hour, when the rate is 200 cc. of distillate, 
is usually considerably greater than during subsequent hours, though 
the succeeding periods — even to the fifth or sixth — yield quantities too 
large to be disregarded. Such being the case, it would seem probable 
that the boiling with even a mild alkali causes a progressive splitting of 
more firmly bound nitrogen compounds that would tend to vitiate the 
results, because the separation of amine or other forms of nitrogen is 
apparently gradual rather than sharply marked. 

Richardson gives successive distillations, up to ten, on hashed frozen 
meat — presumably beef— showing that approximately one- third of the 
total nitrogen obtained is evolved in the, first hour, and that after the 
sixth hour the quantities vary from 0.005 to 0.002 per cent. At no time 
did he get nitrogen-free distillates. For practical purposes he distils 
but one hour. 

The following table indicates the rate of the evolution of nitrogen by 
the magnesium oxide distillation method, using 25 grams of cfncken meat, 
10 grams of magnesium oxide and 450 cc. of water, and distilling at such 
speed that 200 cc. of distillate collect in one hour. 0.1 N> sulphuric acid is 
used to collect the free ammonia. 

Table I. — Rate of Evolution of Ammoniacal Nitrogen bv the Magnesium 

Oxide Method. 



Percentage 


Percentage 

Distiltaticm 

of 


Distillation 

of 

periods, one 

nitrogen 


petiods, one 

nitrogen 

Description of sample, hour each. 

evolved. 

Description of sample. 

hour each. 

evolved. 

No. 299 — Fowls of known 


No. 304 — Fowls of 

un- 


history in storage two 1 

0.036 

knpwn history 

in t 

0 

1 

years. In excellent con- 2 

0.013 

storage 6 years. 

2 

0.021 

dition. 3 

O.OII 


3 

0.017* 




4 

0.015 

Total, 

0.060 


5 

0.012 

• 



Total, 

0.174 

No. 305 — Fowl chilled for 


No. 306 — Fowl chilled 


48 hours after slaughter 1 

OO33 

for 48 hours after 1 

O 055 

at 32 0 F., then kept at 2 

0.020 

slaughter at 32 0 

F. 2 

0.023 

tem perature of cool room 3 

0.016 

Kept at temperature 3 

0.0x8 

for 48 hours. 4 


of cool room for 

72 4 

0.018 

5 * 

0.009 

hours. 

5 

0.019 




6 

0.016 

Total, 








Total, 

0.149 

No. 308 — Fowl chilled for 1 

O.O4X 




24 hours after slaughter 2 

0 . 0 X 9 




at 32 0 F. 3 

0.0X5 




4 

0.016 



* 


Total, 


0091 
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From the foregoing determination of ammoniacal nitrogen in the flesh 
of chickens of varying history it would appear that it gives even less 
satisfactory results by distillation with magnesium oxide than does beef. 

Because the determination of this loosely bound nitrogen should be 
one of the best methods we have for the detection of deterioration in flesh, 
there has been an endeavor to adapt the method of Folin to such sub- 
stances, believing that in the cold and with a weak alkali, such as 
magnesium oxide, there would be a better chance of a sharp separation 
of ammoniacal nitrogen. 

A study of the literature pertaining to the Folin method has shown a 
scarcity of detail concerning the time required and the strength of the air 
current. Folin in his original paper 1 states that for urine analysis 600- 
700 liters of air per hour are required during a period of 1 to 1 1 / 2 hours. 
Boussingault in 1850 2 used 56 liters of air per hour for five hours, and 
found that nitrogen remained. lie, therefore, abandoned the method. 

Most of the more recent papers, as those of Kober, 3 Gill and Grindley, 4 
and Sebellen, Brymeldsen and llaavardsholm, 5 deal with the conditions 
necessary for the extraction of the ammonium salts from the Kjeldahl 
digestion rather than from the original tissue or extract. 

It seemed desirable, therefore, to attempt the elimination of loosely 
bound nitrogen from such substances as meat and its extracts by a strong 
current of air, and to observe the results between the volume of air and 
the time required for the doing of the work. It has been found that the 
usual water pump of the laboratory is not adequate. A small air pump, 
driven by a */ 4 h. p. motor, answers the purpose, and an anemometer, such 
as is used to measure the volume of air entering mine shafts, etc., records 
the total volume of air passing through the apparatus. The ingoing 
air is purified by sulphuric acid in a flask provided with a Hopkins safety 
bulb. It then passes through a liter flask in which 25 grains of finely- 
ground meat are suspended in 250 cc. of water, with 5 grams of magnesium 
oxide. Between this flask and the o.iiV sulphuric acid absorption bottle 
is an empty 250 cc. flask, to catch any mechanical spattering or frothing; 
and beyond the acid bottle a 100 cc. flask is placed to catch any particles 
of the acid that may pass into the exit tube. The flasks are set up in 
batteries of four, using one brass or glass four-way tube to connect with 
the air pump, and another of similar form leading to the air wash bottle 
(see figure on next page). 

It has been found that about 30,000 cubic feet of air through the whole 

1 Z. physiol . Chem., 37, 161. 

9 Metnoires de Chrmie agricole , 291. 

• This Journal, 30, 1131. 

.. 4 lhid u $1, >49. 

4 Ck*m.-Zig. t 33 » 703 - 
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system or 8,000 cubic feet through each individual series of flasks, and a 
period of three to six hours, is sufficient to remove all of the nitrogen which 
is eliminated by weak alkali at an ordinary temperature When such an 



elimination has occurred the receiving flasks remain free from ammoniacal 
nitrogen even though a rapid current of air be passed for several additional 
hours. 

The addition of about 25 cc. of alcohol largely prevents the foaming 
of the protein, which may happen during the latter part of the aspiration 
period. When once started but little attention is required except an 
occasional shaking of the flasks. One gram of sodium fluoride, and a 
temperature of 10-15°, has been found a satisfactory method of preserving 
unchanged the suspension of meat in water for a period of 24 hours — 
a fact which is of consideral le importance, if many samples are received 
at one time. 

Like the evolution by distillation with magnesium oxide, the prepon- 
derance of ammonia is given off during the first hour but, unlike that 
procedure, there is a steady decrease until the zero point is reached. 
Table II illustrates the rate of evolution as influenced by the time and the 
amount of air. 

In certain experiments sodium carbonate was used as a hydrolyzing 
alkali in quantities varying from 0.5 of a gram to 2 grams, side by side 
with magnesium oxide. It is of interest to note that the evolution of 
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Table II.— Rate of Evolution of Ammoniacal Nitrogen as Dependent upon 
the Quantity of Air and Its Velocity. 



Pe: centime of 

Cu ft. 
of air 


Description of sample. 

ICxiraction 

ammoniacal 

nitrogen 

Time 

consumed 

period 

evolved 

used . 

(in hours). 

No. 25a- A- - Fowl in chill room 

I 

0 0078 

1,668 

I 

at 32 0 F. for 24 hours alter 

2 

0 . 0034 

1,883 

I . 16 

slaughter. 

3 

0 <X >05 

1,150 

O.83 


4 

O 0003 

1.23 5 

I 


5 

0.0000 

1 ,435 

I 


Total, 

0.012 

7 » 37 * 

5 

No. 250-B — Fowl in chill 

1 

0.0025 

366 

0 75 

room at 32 0 F. for 24 hours 

2 

O.OOJI 

439 

0.75 

after slaughter. Then the 

3 

O OO29 

460 

0 75 

meat was ground fine and 

4 

0 0015 

480 

0-75 

preserved in a 0.4 per cent. 

5 

O OOII 

710 

0.75 

solution of sodium iluoride 

6 

0.0006 

525 

0-75 

for 24 hours. 

7 

O.OOO4 

360 

o *75 


8 

0.0002 

395 

0 75 


9 

O OOOO 

415 

o .75 


Total, 

0.012 

4,150 

6-75 

No. 251-A — Fowl kept in a 

1 

0 0095 

3.805 

1 -5 

cool room for six days. 

2 

O.OO29 

2,308 

1 


3 

O 0014 

2,750 

1 


4 

0.0007 

3,670 

1 


5 

0.0000 

3.180 

1 


Total, 

0 015 

15,713 

5 5 

No. 252 — Fowl of known his- 

1 

0.0235 

2,600 

I 

tory, two years in storage. 

2 

0.0070 

3,000 

1 

Badly gnawed by rats 

3 

0 . 0039 

3,025 

1 


4 

O.OOII 

3,175 

1 


5 

0.0006 

3,120 

1 


6 

0.0000 

1,660 

1 


Total, 

0.036 

16,580 

6 

No. 257-A — Fowl ol known 

1 

0 0224 

3 >150 

1. 16 

history, two years in storage. 

2 

0 . 0044 

2,800 

1. 16 

In fair condition. 

3 

O.OOII 

2,430 

1 


4 

0 0000 

2,750 

1. 16 


Total, 

0.028 

11,130 

4.48 


ammoniacal nitrogen was the same with both reagents. Such findings 
may be taken as evidence of the sharply differentiated linkage of loosely 
bound nitrogen in protein, which is certainly increased during bacterid 
decomposition and probably during enzyme decomposition (Table III). 
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Table III. — Evolution op Ammoniacal Nitrogen by Air Aspiration and Sodium 

Carbonate. 


No. 

of 

sample. 

No. 308 

Percentage of 
ammoniacal nitrogen 
with MgO. 0.5 gr. 

O.OI2 

Percentage of 
ammoniacal nitrogen, 
with Na*C 0 8 . 

O.OII 

Amount of 
NatC 0 « used. 

V* gram 

No. 309 

Duplicate 

O.OII 

O.OII 

Duplicate 

O.OII 

O.OII 

1 gram 

No. 310 

Duplicate 

0.012 

0.012 

Duplicate 

0.012 

0.010 

1 gram 

No. 311 

Duplicate 

0.014 

0.014 

Duplicate 

0.014 

0.012 

1 gram 

No. 312 

Duplicate 

0.016 

0.016 

Duplicate 

0.016 

0.016 

2 grams 


A patient endeavor has been made in this laboratory to correlate the 
ammoniacal nitrogen evolved by the magnesium oxide distillation jpethod 
with the condition of preservation of the chicken meat. While variations 
in the amount were visible when wide differences in the flesh were apparent 
to the sense of sight, odor, etc., small differences for which laboratory 
data were essential were more frequently confused than clarified by the 
analytical results. 

Though the quantity of nitrogen obtained by air aspiration is always 
considerably less than is given off in the first hour by distillation, duplicate 
analyses check closely and individual samples having the same history 
show similar amounts of nitrogen with a gratifying regularity. Table 
IV illustrates this point and indicates, also, the variations by the distilla- 
tion method when examining samples from the same source. 

The results tabulated are divided into three groups — (a) chickens 
chilled in dry air at o° for 24 hours after killing, which is sufficient to 
completely remove the animal heat; (b) chickens of known history pre- 
served in a refrigerator having a temperature of 10-15° for varying 
numbers of days; (c) chickens, generally of known history, preserved 
hard frozen for varying periods of time. 

It will be noted that the perfectly fresh birds show 0.011 to 0.012 per 
cent, of ammoniacal nitrogen in the tissue ; those kept at moderately low 
temperatures for from 4 to 9 days run from 0.014 to 0.019 per cent; while 
cold-stored specimens all more than a year old, show a wide variation in 
the quantities depending on their condition, but always much higher than 
the fresh. The ammoniacal nitrogen obtained from the aqueous extract 
of the tissue is generally a little less than from the tissue itself. 
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Tabu} IV. — Quantity of Ammoniacal Nitrogen Obtained prom Chicken Flesh 
of Varying Quality by Folin Method. 

Percentage 
of ammonia* 
cal nitrogen 

Percentage obtained 

ammomacal Time by distill* 

nitrogen Cu ft consumed irig 1 hour 

Description of sample evolved of air used (in hours), with MgO 


A 


B 


C 


No. 255 — Fowl 24 hours 

after slaughter, kept in 
chill room at 32 0 F. Dry 


picked. 

0.012 

10,500 

5 


No. 301 — Fowl with same 
history as No. 255. 

0.012 

8,»75 

5 

0.046 

No. 300 — Seme as 255, 

0,01 1 

4 >375 

4 


No. 308— Same as 255. 

0.012 

6.550 

45 

0.041 

No. 309™ Same as 255. 

0 on 

8, 100 

4*75 


No. 289-C — Fowl three days 
in house refrigerator. 

0.014 

8,302 

6 


Aqueous extract of No. 
289-0. 

0 012 

8,302 

6 


No. 290- Fowl. Hard fro- 
zen. In transit four days 

O OI4 

8,900 

5 

0.036 

No 291— Same history as 
No. 290. 

O.OI4 

8,900 

5 

0.030 

No. 31 1- - Fowl 24 hours in 
chill room at 32 0 F. Six 
days in house refrigerator. 

O.OI4 

6,925 

5 

0.026 

No. 289-D — Same history as 
No, 31 1. 

O.OI4 

7,012 

5 

0.027 

No. 295— Fowl, live days in 
house refrigerator without 
previous chilling. 

0.016 

7,125 

5 

0.034 

No. 312 — Fowl, 24 hours in 
chill room at 32 0 F. 
Seven days in house 
refrigerator. 

O Ol6 

8,080 

6 


No. 296— Fowl, 24 hours in 
chill room at 32 0 F. Nine 
days in house refrigerator. 

0.016 

14,850 

6 


No. 287 — Fowl, 24 hours in 
chill room at 32 0 F. Six 
days in house refrigerator. 

O.OX7 

8,700 

6.25 


No. 288 — Same history as 
287. 

0.0X8 

8,700 

6.25 


No. 290--B — Fowl hard froz- 
en. Four days in transit. 
Seven days in house re- 
frigerator. 

0.019 

8,625 

5 

0.034 

No. 29X-B— Same history 

as No. 290-B. 

O.Ol8 

8,625 

5 

0.029 

No. 302 — Chicken, cold- 
stored one year. 

0 . 0 X 9 

6,700 

6 

0.04a 
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Table 1 V — (Continu ed ) . 


Description of sample. 

Percentage 

ammomacal 

nitrogen 

evolved 

Cu. ft 
of air used 

Time 
consumed 
(111 hours) 

Percentage 
of ammonia- 
cal nitrogen 
obtained 
by distill- 
ing 1 hour 
with MgO 

No. 303—Same as No. 302. 

O 019 

6,700 

6 

O 030 

No 253— Chicken of known 
history, two years in stor- 
age. 

O 027 

5.175 

3 66 


Aqueous extract of No. 
253 - 

0 025 

5.175 

3 66 


No. 254 — Chicken of known 
history, two years in stor- 
age. Slightly gnawed by 
mice. 

O 032 

4,820 

3 66 


No. 256 — Same as 254. 

O.031 

II, 13° 

4-5 


No. 298 — Same as 254. 

0.030 

7,350 

5 


No. 258 — Same as 254. 

O 029 

5.988 

4 25 

. . .$ 

No. 299 — Chicken of known 
history, two years in stor- 
age. Excellent condition. 

0 023 

II ,610 

8 

¥ 

O O36 

Aqueous extract 299. 

0.022 

11 ,6io 

8 

* 

No. 304 — Chicken of un- 
known history in storage 
six years 

O.058 

12.978 

6 

O 109 


[Contribution from the Food Research Laboratory, Bureau of Chemistry, 
United States Department of Agriculture.] 

THE DETERMINATION OF THE ACID VALUE OF CRUDE FAT AND 
ITS APPLICATION IN THE DETECTION OF AGED FOODS. 

By M E Pennington and J S Hepburn. 

Received March 3, 1910 

During the study of the handling of poultry intended for food, at pres- 
ent under way in this laboratory, it has been found necessary to devise 
methods for a more accurate estimation of changes in the composition 
of flesh than have been in common use and which would be sufficiently 
prompt to permit of the testing of a larger number of samples each day 
than is ordinarily accomplished with a moderate laboratory force. The 
acidity of the fat of the chicken has been found to be a sensitive index 
of the state of preservation of the whole biid. It increases from a very 
low value in the freshly killed specimen to forty or fifty times the original 
number, according to the method of preservation and the length of the 
keeping period. However, the usual procedure for the estimation of 
the^amount of free acid in the fat, that is, extraction with a suitable sol- 
vent, drying, etc., was so time-consuming that its use was greatly re- 
stricted. It seemed desirable, therefore, to so modify the method that 
^curate results could be obtained without such an expenditure of time. 
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It is a common practice in packing- house work to render by a low heat 
beef or mutton fat and store for commercial purposes. The acid value 
of such a rendered lat is determined directly in hot alcoholic solution. 
The rendering of crude fat as a preparation for analysis is mentioned 
by Dieterich 1 and Pastrovich 2 studying the autohydrolysis of raw tallow 
rendered it on the water bath with the addition of a few drops of sul- 
phuric acid to decompose the ammonium soaps which had formed in 
the decomposition. Several washings with hot water freed the fat from 
excess of mineral acid and it was then dried, weighed, and its acidity 
determined. 

Rendering a fat to free it from enclosing membranes must be care- 
fully done else the heat will cause a splitting, and oxidation must also 
be considered. 

A determination of the amount of water present in the gizzard fat 
or subcutaneous fat of chickens shows but 5 per cent., or less. This 
quantity of water, when samples of 10 grams are taken for the determina- 
tion of the acidity, can be disregarded. The supporting membranes 
are also a negligible quantity. Accordingly, the fat, both that from the 
gizzard and from beneath the skin, separated mechanically is ground 
in a meat chopper and weighed directly into a 250 cc. Erlenmeyer flask. 
To this is added 50 cc of alcohol which is neutral to phenolphthalein. 
This dye is then added as an indicator and the whole brought to brisk 
boiling, preferably ori an electric stove which gives an even heat. The 
hot alcohol dissolves the fat. It is titrated immediately with 0.1 N so- 
dium hydroxide, shaking vigorously, until a pink color appears. The 
color is not permanent. Indeed it fades very rapidly; hence, a color 
persisting for one-fourth of a minute can be taken as the end reaction. 
From the amount of sodium hydroxide used the acid value can be calcu- 
lated or, if the result is to be expressed as free oleic acid, the latter is 
found by multiplying the acid value by the factor 0.503. 

A simultaneous determination of the acidity of the fat by this method 
and by extraction with petroleum ether according to the official method 
of the Association of the Official Agricultural Chemists, 8 as modified 
by this laboratory, namely, using heat with the solvent to ensure thorough 
extraction, 4 has been made on fat from chickens kept for varying lengths 
of time after slaughter and from which the animal heat had been removed 
both by cold air and by water and ice. The acid value has been deter- 
mined, also, for both gizzard and subcutaneous fat. The results are 
collected in Table I. 

1 Helfmberger Annalen t II Bd., II Dezennuims, 138 (1897). 

* Monatshejte jiir Chem., 25, 335 (1904). 

1 U. S. Department of Agriculture, Bureau of Chemistry, Bull 107, revised 1908. 

* Ibid., Bull * n$» 66. 
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Table I.— Comparison of Acidity of Crude and Extracted Chicken Fat. 




Gizzard fat. 



Subcutaneous fat. 


0 

XJ 

9 

8 

l| 

si-- 

£ JU ^ 

V 

1 

8 

tjs 

£ * 

R, 

Number and description of sample. 

£ 

0 

V 

9 

? . 

■S«s 

< 

Acid value of 
tracted fat. 

Per cent, of 
acid as c 
Crude fat. 

Per cent, of 
acid as 0 
Extracted fa 

0 

•*. 

0 

s 

i . 

< 

Acid value of 
tracted fat. 

Per cent of 
acid as 0 
Crude fat. 

Per cent, of 
acid as 0 
Extracted fa 

No. 194 — Near-by farm. Cold- 









air-chilled 

0.89 

0.82 

o -45 

0.4I 





No. 198 — Same as No. 194 

0.59 

0-53 

0.30 

O. 27 

0.78 

0.54 

o -39 

O.27 

No. 200 — Same as No. 194 

0.71 

O.63 

0.36 

O.32 

0.84 

O.46 

0.42 

O.23 

No. 223 — Same as No. 194 

0.56 

O.65 

0. 28 

0-33 

0.47 

O.69 

0.24 

O.35 

No. 226 — Same as No. 194 

0.66 

0.51 

o *33 

0.26 

0.60 

0.66 

0.30 

0-33 

No. 228 — Same as No. 194 

0.78 

0.7X 

o *39 

0.36 

0.69 

x .08 

o *35 

0.54 

No 230 — Market chicken. Water- 







cooled, ice-packed. Age un- 









known, but at least 7 days after 









killing 

2.63 

0.68 

i *32 

0*34 

1*73 

0-53 

0.87 

*0.27 

No. 237 — Fowl, air-chilled 32 0 F. 








for 24 hrs 

0. 76 


0.38 


0.98 


0.49 


No. 238 — Wet-packed broilers. 







♦ 


History unknown. 

0.83 


0.42 

.... 

0-54 


0. 27 



Mixed Gizzard and Subcutaneous Fat. 
No. 295 — Near-by farm. Cold-air- 


chilled 

No. 305 — Chilled at 32 0 F. for 24 
hours. Kept at lab. temp, for 

0.70 

0. 21 

0.35 

O.XI 

2 days 

No. 302 — 11 months in cold 

1*55 

1.27 

0.78 

0.64 

storage 

No. 303 — Chicken of known his- 
tory. In freezer n months. 

3*40 

2.85 

1. 71 

1*43 

Thawed by cool air 

No. 298 — Chicken of known his- 

3*69 

3*3 

X.86 

1.83 

tory. 2 years in freezer 

7.32 

4.69 

3*68 

2-36 

No. 299 — Same source as No. 298. 

7.72 

6.56 

3*88 

3*30 


It will be observed that the acidity of the crude fat of a chicken chilled 
in dry air at about o° C. ior 24 hours after slaughter is less than one — 
generally 0.8, or, reckoned as - oleic acid, 0.40 per cent. A 'comparison 
of the values obtained from the same fat after extraction shows either 
absolute agreement or a dose duplication so long as the fat has not aged. 

When the fat ages the acidity of the crude material is frequently higher 
than when extracted by petroleum ether. In a few cases the crude fat 
has been found to give a lower figure than the extracted. Be the com- 
parative values higher or lower, agreement is uncommon, as is i ndica t ed 
in the latter part of Table I. 
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In the fresh chicken the acid value of the gizzard fat is generally a 
little less than that of the subcutaneous fat. It may occasionally be very 
slightly higher. Even so, the acidity of the fat from the two sources is, 
in the fresh condition, nearly the same. 

As the fat ages, it increases in acidity, whether at a temperature below 
the freezing point, at the temperature of the usual packing-house chill 
room or the housewife’s refrigerator. This increase is pronounced long 
before the usual signs of deterioration become manifest and for that 
reason it is of value as a gauge of incipient decomposition. 

Table II. — Changes in the Acidity or Crude Chicken Fat under Varying Con- 
ditions. 

Gizzard fat. Subcutaneous fat. 


Number and description of sample 

Acid 

Per cent 
of tree acid 

Acid 

Per cent. 
of free acid 

value 

as oleic. 

value. 

as oleic. 

No 231 — Broilers, dry-air-cliilled for 24 hours. 24- 





hr. haul 

0.95 

0.48 



No. 231(a)— Same lot after keeping 4 days at 32 0 

2 . IO 

I.06 



No '31(b ) — Same lot alter i.' days at 32° I 7 

No. 232 — Same shipment as No. 231. hut water- 

4 74 

2 38 



chilled and ice-packed 

0.88 

0.44 



No 232(0)"“ Fame lot after 4 days in cracked ice. . . 

4-57 

2 - 30 



No. 232(A) — Same lot after 7 days in cracked ice. . 
No. 233- Fowl, same History as No. 231. Kept at 

4.71 

2-37 



32 °I f for 8 days . . 

I.65 

O.83 

I 1 6 

0.58 

No 233(0)- - Same lot after 12 days at 32 0 F 

No. 234 — Fowl, same history as No. 232. Kept in 

2.41 

I. 21 

I- 5 I 

O. 76 

cracked ice for 8 days . 

4 • 55 

2 29 

2.12 

I.07 

No. 234( 0- -Same lot after 10 days in cracked ice. 
No. 235 -Fowl, air-chilled at 32 0 F. and kept in chill 

8,86 

4.46 

i. 4 S 

1.25 

room 3 days 

0.80 

O.40 

0.88 

O.44 

No. 235(a)- - Same lot after 6 days in chill room 

No. 236- Fowl, water-cooled, ice- packed and kept 

1. 41 

I . ?! 

1 05 

0-53 

in ice three days. . . ... 

2.20 

I . II 

2.09 

I 05 

No. 236(a) — -Same lot kept 6 days in cracked ice. . . 

2.70 

I.36 

1 . 26 

0.63 

No. 237- -Fowl, air-chilled at 32 0 F. for 24 hours — 

0. 76 

O.38 

0 . 98 

0-49 

No. 237(a) — Same lot after two davs at 32 0 F 

No. 218 — Fowl from near-by farm. Kept in house 

0.87 

O.44 

0.83 

0.42 

refrigerator 3 days 

No. 240— -Air-chilled, dry- packed broilers. 2 days 

2.18 

I. 10 

I.47 

0.74 

railroad %aul in refrigerator car 

2.47 

1 . 24 



No, 192 — Market chicken, not salable 

No. 191 — Market chicken, no history. Low quality. 

5-99 

301 



not fit for sale 

6.02 

303 



No. 193 — Market chicken. Stale when purchased. 





Kept at room temperature for 5 days. Advanced 
putridity 

25-54 

12.85 



Mixed Fat. 





No. 284 — Just killed when purchased. Kept 6 days 





fa house refrigerator 

1.60 

0.80 

.... 

• M • 
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Table II shows the acid value of the crude fat of fowls of varied his- 
tory. In a number of cases several analyses have been made of the same 
lot of fowls at different periods. These experiments show a progressive 
increase in the acid value as the time lengthens, and they also show that 
the more perfect the prompt removal of the animal heat, the lower the 
acidity. The figures are also sufficiently delicate to show the difference 
between birds dry-air-chilled, and chilled with water and ice, all other con- 
ditions being the same. This fact is of service in determining the best 
methods for the handling of poultry intended for food and is being used 
in the examination of market poultry dressed and transported and stored 
in various ways. 

It has been stated that in the fresh chickens the subcutaneous fat tends 
toward a slightly higher acidity than does that of the gizzard. In the 
aging chicken, on the contrary, the visceral fat is distinctly more acid 
and is a better indicator of the condition of the rest of the bird. 

Conclusions. * 

The acidity of the crude fat of chickens is an excellent indicator of 
their freshness. The results obtained on the crude material are., more 
reliable than after extraction with fat solvents. The acidity of the vis- 
ceral fat increases with length of keeping time or bad handling more mark- 
edly than does the subcutaneous fat. 


NEW BOOKS. 

The Fundamental Principles of Chemistry. An Introduction to All Textbooks of Chem- 
istry. By Wilhelm Ostwald. Authorized translation by Harry W. Morse. 341, 
pp. Longmans, Green & Co. Price, $2.25. 

This book is a departure from conventional standards, but readers who 
are familiar with the author’s writings will recognize that it is a natural 
development of ideas which he has long been known to hold. A chem- 
istry has been worked out * ‘in the form of a rational scientific system with- 
out bringing in the properties of individual substances.” The funda- 
mental concepts and principles of the science are presented in a logical 
order and “as free as possible from irrelevant additions.” The author 
considers that the development of the methodical side of chemistry has 
been greatly retarded on account of the fundamental error of using hy- 
pothetical assumptions as an aid to experimental work. The end sought 
“is the discovery of final truths and the relations between them,—. This 
does not mean the setting up of analogies and hypotheses, but the careful 
analysis of concepts and indication of the general facts of experience from 
which they are derived.” 

The selection of material and the order in which it is presented is shown 
by the following list of chapters: 
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I. Bodies, substances, and properties. IT. The three states. III. 
Mixtures, solutions, and pure substances. IV. Change of state and 
equilibrium. The equilibria (a) liquid-gas, (b) solid liquid, (c) between the 
three states, and ( d ) solid-solid. V Solutions. VI. Elements and com- 
pounds. VII. The law of combining weights. VIII. Colligative prop- 
erties. IX. Reaction velocity and equilibrium. X. Isomerism. XI. 
The ions. 

A striking feature of the book is the simple and successful develop- 
ment at a very early stage of the phase rule and of methods of graphical 
representation. One-component systems are treated in a comprehensive 
manner in Chapter IV, and a more general conception of the phase rule is 
given in V in connection with two-component systems. In Chapter VI there 
is presented a new method of representing in aline diagram the composition 
of a two-component system at constant temperature and pressure. When 
composition is plotted in a horizontal direction, the field of existence of 
each phase may be represented by a single horizontal line. Gas, liquid, 
and solid phases are distinguished by using dotted lines, ordinary lines, 
and heavy lines, respectively. The overlapping of two lines represents 
the co existence cf two phases. 

The treatment of chemical processes in the narrower sense, and the 
definition of elements are dealt with in Chapter VI, and are introduced by 
a discussion of hylotropy and the methods of identifying a pure sub- 
stance. The value of the phase relations in deciding whether a com- 
pound is formed in a binary system is determined bv making a systematic 
classification of all possible combinations of phases, and of the new com- 
binations obtained when a compound is formed. In this chapter, also, a 
proof is given of the law of constant proportions with which two sub- 
stances (elements or compounds) combine to form a compound pure 
substance; and upon this law is based (Chapter VII) the law of com- 
bining weights, and the proof of the law of rational multiples. 

In a book of this nature it is not to be expected that the readers will in 
all cases agree with the author’s method of treatment. Many will object 
to the tacit treatment of the atomic theory as an “irrelevant addition’* 
to chemistry. Some may question the validity of the “law of nature” 
relating to the formation of metastable substances (page 92): "Those 
forms appear first which are more stable than the form just left, but 
which are the least stable among all the possible stable forms.” 

It is evident at once, from the nature and scope of the book, that the 
sub-title is somewhat misleading. The author, however, does not expect 
this book to be used by a beginner. He is in fact “quite of the opinion 
that a dose personal acquaintance with a considerable number of im- 
portant and characteristic substances is and always must be the funda- 
ment of all instruction in Chemistry.” 
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This book will be of great value to the teacher, and to every chemist 
who has attempted to examine for himself the basis of lavrs and theories 
frequently accepted as established or self-evident. W. C. Bray. 

Elementary Modern Chemistry. By Wichblm. Ostwald, Emeritus Professor of Chem- 
istry in the University of Leipzig and Harry W Morse, Instructor in Physics in 

Harvard University. x + ?gi pages. Ginn & Company. Price, $i oo. 

A text-book in elementary chemistry written by a former professor of 
chemistry in one of the great German universities in collaboration with an 
instructor in physics in one of the great American universities would 
naturally command the attention of those engaged in teaching this sub- 
ject. While there is a general belief, perhaps more or less unwarranted, 
that it is a difficult undertaking for one not engaged in teaching chemistry 
under the conditions which exist in secondary schools to write a text on 
that subject, nevertheless it is always of great interest to learn the views 
of others, especially of one whose achievements in chemistry have £ait\ed 
for him the Nobel prize. The nature of Ostwald’s 4 ‘ die Schule der Chemie " 
published in 1903 would naturally lead one to believe that his ideas upon 
the methods of teaching elementary chemistry were entirely different 
from the methods in general use in the United States. In Ostwald and 
Morse’s text, however, no such extremely radical difference from pre- 
vailing methods is to be found. In general the hook not only looks, but 
for the most part reads, like many of the well known modern texts on 
elementary chemistry. Since one of the authors is a physical chemist 
and the other an instructor in physics, naturally the subject is approached 
from a physico-chemical standpoint. For example, the subject of 
4 'phases'’ is introduced in the first chapter (page 5) and is followed in the 
text by other physico-chemical conceptions. Accordingly one looks in 
vain for any mention of such old and familiar terms as “physical" and 
“chemical changes." Even the term “\alence" is conspicuous by its 
absence. 

As was to be expected the subject is presented in an attractive form. 
While the text proper contains only 2 78 pages, printed in large type and 
including nearly 200 experiments and one hundred figures, it contains a 
fairly comprehensive discussion of such fundamentals of chemistry as 
the average student can grasp. More attention is devoted to the general 
laws and less to the application of chemical processes than is generally 
customary in an elementary text. The book would be of little value 
except when used under the direction of a competent teacher well versed 
in the modern conceptions of chemistry. With such a person as a teacher 
it should prove an acceptable one for students who expect to continue the 
subject William McPherson. 

{tsesat Advance in Physical and Inorganic (Jhemistry. By A. W. SrswAfct, DJgtH, 
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with an Introduction by Sir William Ramsay, K.C.B., F.R.S. With diagrams, 

Longmans, Green, and Co., 1909. Price, $2.50. 

The book contains chapteis of a dozen pages or so on some hydroxyl- 
amine derivatives (nitroxyl), reaction* in liquid ammonia (Franklin’s 
work), the fixation of nitrogen (production of nitrogen oxides, atnines, 
cyanides, nitrides), colloids, elements of the rare earths (with a discussion 
of their position in the periodic system), and the inactive gases (including 
a history of their discovery). 

More space- from thirty to fifty pages each — is devoted to cobalt- 
ammines, absorption spectra, atomic weights, double salts and the oceanic 
salt deposits, and radioactivity. 

The essays arc interesting and well written, and the author does not 
hesitate to express his own opinions when occasions arise. He stands 
for purposive research, not that of “investigators who photograph spectra 
apparently with no idea beyond finding out what the absorption curve 
looks like/* or that of the organic chemists who “apply somebody else’s 
reaction lo the iso piopvl derivative when the lower members of the series 
have already been made.” Theories, he thinks, should be capable of 
being tested, and not “mere verbiage and an excuse for dodging round 
a dialectic corner a^ soon as people begin to look into the subject.” 

The hook might well find a place in the reading prescribed for advanced 
students of chemistry; its one weak point seems to be the chapter on 
Double Salts, which needs very careful revision. W. Lash Miller. 
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In 1889 1 Curtius made mention of the formation of an oxalate of hy- 
drazine obtainable by heating triazoacetic acid with a saturated, aqueous 
solution of oxalic acid. The product was described as a substance crys- 
tallizing in small, glistening plates, soluble in water. No attempt was 
apparently made to ascertain whether the substance was a monoxalate 
or a dioxalate of hydrazine, and no analytical data whatever were pub- 
lished. 

The purpose of the present investigation has been the preparation 
and study of the two oxalates of hydrazine, ( N 2 U A ) i H 2 C 2 O l and 
N 2 H 4 .H a C 2 0 4 . It has been thought possible, moreover, that the decom- 
position of these substances, especially in view of a probable ring 
structure of the dioxalate, might yield some interesting results. 

Hydrazine Monoxalate. 

Method of Preparation . — An aqueous solution of this substance was 
prepared by treating io cc. of a 73 per cent, solution of hydrazine hy- 
drate, with 9. 18 grams of oxalic acid dissolved in a small amount of water. 
The solution was filtered and after evaporation on the water ftath to the 
point of saturation was allowed to cool, with the result that a large 
quantity of minute crystals was obtained. The crystals were first drained 
on filter paper and were then dried to constant weight in a desiccator 
over calcium chloride. 

Method of Analysis . — Weighed samples of the dried crystals were dis- 
solved in water and the solutions were made strongly alkaline with am- 
monium hydroxide. They were then heated to boiling and an excess 
of a solution of calcium chloride, containing 25 grams per liter, was added 
1 Curtius and Jay, /. prakt Chem., 39* 27-59 (1*89). 
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slowly and with constant stirring. After the precipitates had been al- 
lowed to subside, they were filtered and were thoroughly washed with 
hot water. 

In order to avoid the error arising from the possible presence of calcium 
carbonate in the calcium oxalate thrown down by this method, the pre- 
cipitates were dissolved in hot, dilute sulphuric acid, and the oxalic acid 
was determined by titration with a standard solution of potassium per- 
manganate. 

The results obtained in four determinations indicate the ratio, mols. 
N 2 H 4 : mols. H 2 C 2 0 4 to be (i) 2 : 1.02; (2) 2 : x.oo; (3) 2 : 0.99; 
(4) 2 : 0.99. Theory, 2 : 1.00. The average of these results, calcula- 
ted to a percentage basis, is as follows H 2 C 2 0 4 found, 58.60 per cent.; 
theory for (N,H 4 ) a . H 2 C 2 0 4 , 58.44 per cent. 

Three analyses of the monoxalate by the permanganate metfiod de- 
scribed in detail in a subsequent paragraph show the ratio, mols. N a H 4 : 
mols. H 2 C 2 0 4 to be (ij 2 .0.99; (2) 2 : 0.98; (3) 2 : i.oof Theory, 

2 : 1 00. The average of the three results, calculated to percentage of 
N 2 H 4 , gave N 2 H 4 found, 41.45 per cent. Theory, 41 59 per cent. 

Properties . — Hydrazine monoxalate is a white substance tlmt crystal- 
lizes from aqueous solution in the form of very fine needles and plates. 
When the attempt is made to recrvstallize the compound, an amorphous 
substance is frequently obtained in the form of a jelly, which, on evapora- 
tion, becomes hard and opaque. 

The monoxalate is extremely soluble in water, as shown by the results 
obtained in the following series of solubility determinations made at 
35 0 . One gram of water at this temperature was found to dissolve (1) 
2.003, (2) 1*998. and (3) 2.018 grains, or an average of 2.009 grams of. 
the salt. 

Three determinations of the solubility of this compound in absolute 
alcohol at a temperature of 21.9 0 showed that it was practically insolu- 
ble, or that 1 cc. of alcohol dissolved about o 0003 gram. The substance 
is also insoluble in ether. No appreciable residue was left after the evap- 
oration of a small portion of ether that had been shaken with the salt 
at^jptervals for several hours. In the case of both alcohol and ether, 
the liquid was heated to its boiling point in the presence of the salt, and 
was allowed to come to constant temperature, with frequent shaking, 
in a thermostat. 

No definite melting point is shown by the monoxalate, which in this 
respect is similar to many other hydrazine compounds. At a tempera- 
ture of 130° (±2°) it begins to decompose, although even at lower tem- 
peratures some indication of incipient fusion is obtained. Above this 
temperature the compound is eventually transformed into a dear liquid, 
whether the substance be heated in an op$n or in a dosed capillary tube. * 
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When this liquid is allowed to cool it solidifies, yielding a product that 
melts at 150° (±2°). 

Decomposition . — The decomposition of hydrazine monoxalate was 
studied under four different sets of conditions, as follows: (1) On a 
platinum plate in the open air; (2) in an open glass tube; (3) in an atmos- 
phere of hydrogen ; (4) in vacuo , with a view to the analysis of the evolved 
gases. 

(1) When crystals of the monoxalate were heated on a platinum plate 
in the open air they fused and boiled, assuming a yellow color. This 
color gradually deepened to a brown and finally to a black, as the char- 
ring of the substance progressed. Throughout the decomposition there 
was a visible evolution cf fumes. Whenever the rate of heating was 
sufficiently rapid the substance took fire and burned with a blue flame of 
carbon monoxide. 

(2) This experiment was performed in order that the fumes noted in 
Exp. 1 might be partially condensed and examined. A portion of the 
substance which had been dried to constant weigh' at a temperature of 
100-5 0 was gradually decomposed, bv heating, in an open glass tube. 
Essentially the same phenomena were observed to take place in the same 
sequence as in Exp. 1. The vapor which escaped from the tube, as 
well as that which condensed on the wadis, gave a distinct alkaline 
reaction to red litmus and emitted the odor of hydrazine hydrate. 
Later in the decomposition the odor of a cyanide was detected, and be- 
fore the presence of that substance was suspected, symptoms of cyanide 
poisoning were experienced. 

(3) A third experiment was designed with a view to the collection of 
decomposition products absorbed in acid or in alkaline solution. The 
decomposition was effected in an apparatus consisting of a glass distil- 
ling flask, provided, in lieu of a stopper, with a glass tube sealed in the neck, 
and extending perpendicularly nearly to the bottom. The side arm of 
the flask was fused to a Muencke gas wash bottle, containing dilute sul- 
phuric acid. A similar bottle connected to the first and contained carbon- 
dioxide-free potassium hydroxide. 

A stream of hydrogen, purified with the aid of alkaline permanganate, 
soda lime, and concentrated sulphuric acid, w r as employed in sweeping 
the uncondensed products of decomposition into the gas wash bottles. 

About one gram of the oxalate was placed in the flask and the air in 
the entire apparatus vras displaced by hydrogen. The compound was 
then slpwly heated to decomposition. At the end of the experiment a 
small amount of carbon remained in the flask. 

An appreciable amount of ammonia and a small quantity of hydrazine 
were found in the first wash bottle. The alkaline solution in the second 
battle was found to contain a small amount of carbonic acid and a con- 
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siderable quantity of hydrocyanic acid, as shown by both the Prussian 
blue and the sulphocyanate tests. 

During the early stages of the decomposition a liquid condensed on the 
walls of the neck and side arm of the flask. In Exp. 2 this liquid was . 
shown to be in part, at least, hydrazine hydrate. Two drops of the con- 
densate were subjected to analysis for hydrazine by the method of Rimini. 1 
The results obtained when calculated to hydrazine hydrate gave a con- 
centration of 9 per cent. It is probable, however, that the liquid con- 
tained in solution compounds of hydrazine other than the hydrate. 

The most conspicuous of the substances produced by the destructive 
distillation of the monoxalate was a white crystalline sublimate deposited" 
on the cooler parts of the fla.sk atid of the decomposing substance itself. 
When a drop of the aqueous solution of this sublimate was evaporated 
under the microscope, glistening needle-shaped crystals separated out. 
These crystals were found to contain no carbonic, hydrocyanic, or oxalic 
acid, and were shown to be capable of reducing acidified potassiumfiodate 
in the cold. When the solution from which the hydrazine had been re- 
moved by oxidation was subjected to the microchemical test for ammonia 
with chloroplatinic acid, negative results were obtained. Wheniieated 
on a platinum plate the substance decomposed, leaving a residue of car- 
bon, thus indicating the presence of organic matter 

(4) The decomposition was effected under such conditions that all 
gaseous products unabsorbable by sulphuric acid or potassium hydrox- 
ide could be collected for analysis, uncoil taminated by air. The ap- 1 
paratus employed in this experiment was constructed as follows: 1 

To the capillary tip of a Hempel gas burette was joined, by means of 
a short section of rubber tubing, a Y-tube, one arm of which was closed 
by a piece of narrow-bore rubber tubing provided with a screw clamp 
and a tightly 'fitting glass plug. To the other arm was sealed a glass 
stop cock. A section of glass tubing, o 5 cm. internal diameter and 19 
cm long, designed as the container for the substance which was to undergo 
decomposition, was closed at one end and was sealed to the tube bearing 
the glass stop-cock. It was then bent so as to extend horizontally out- 
ward and in a plane perpendicular to that occupied by the glass Y. It 
was necessary, of course, in each case to place the compound which was 
being studied in the tube designed as its receptacle before the fused joint 
was effected. The burette was filled with mercury. By alternate rais- 
ing and lowering the level tube of the burette and by suitable manipula- 
tion of the valves of the Y-tube, the pressure in the tube containing the 
sample was reduced to less than 1 mm. 

A sample of the hydrazine monoxalate weighing 0.2128 gram yielded 
about 35 cc. of ga9 when decomposed in the apparatus just described* 

1 Rimini, Gaz, chim . ital, 29, 1 , 265-9 (1899') I Chem Z?ntr,, 1899, II, 45# 
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Of this gas, jsl volume of 25.8 cc. was passed successively into Hempel 
pipettes containing potassium hydroxide, alkaline pyrogallol, and am- 
moniacal cuprous chloride. The contraction observed in the first case 
was 3.0 cc., corresponding to 11 .6 per cent, of gases absorbable in potas- 
sium hydroxide. Only a trace of oxygen was found. The contraction 
noted after treatment with ammoniacal cuprous chloride was 4.5 cc., 
corresponding to 17.4 per cent, of carbon monoxide. 

The residue, 18.3 cc. in volume, was non-inflammable, and was there- 
fore taken as nitrogen; this volume represented 70.9 per cent, of the 
whole. 

A summary of the results of the above experiments shows thaOhe 
monoxalate of hydrazine is quite unstable at moderately high tempera- 
tures and on decomposing yields water, ammonia, hydrocyanic acid, 
probably in combination, hydrazine, carbon dioxide, carbon monoxide 
free nitrogen and carbon. An unidentified and more complex com- 
pound of hydrazine is found and appears as a white, crystalline subli- 
mate. This compound is being subjected 10 further investigation. 

Hydrazine Dioxalate. 

Method oj Preparation . — The dioxalate of hydrazine was prepared by 
adding, drop by drop, to a hot, concentrated solution of oxalic acid, 
containing 11.02 grams II 2 C 3 0 4 2 H 2 0 , 6 o cc. of a 73 per cent solu- 
tion of hydrazine hydrate containing 4 4 grams N 2 H 4 .H 3 0 . Before the 
last of the hydrate had been added to the solution of the acid, brilliant 
crystalline flakes began to appear. The solution was heated, with stirring, 
until the.se had redissolved. Then, on cooling, a large mass of beautiful, 
glistening crystals was obtained. These were filtered by suction, were 
washed rapidly in cold, distilled water, also with the aid of suction, and 
were then dried in the open air. 

Analysis . — Three samples of this compound, previously dried in an 
air bath for one-half hour at a temperature of 100-8 °, were analyzed for 
oxalic acid by the calcium chloride precipitation method, outlined above 
under the analysis of the monoxalate. 

The result obtained in three determinations showed the ratio between 
the molecules of hydrazine and oxalic acid to be (1)1 : i.oo;<2) 1: 1.01; 
(3) 1 : 0.98; theory, 1:1. When calculated to a percentage basis the 
average of these results is: H 3 C 3 0 4 found, 73 .63 per cent.; theory, calcu- 
lated for N*H 4 .H 2 C 2 0 4 , 73.60 per cent. 

The principal methods so far proposed for the determination of the 
hydrazine radical in compounds of that substance involve reactions in 
which that radical undergoes oxidation. Rimini 1 prescribed the use of 
potassium iodate in acid solution, adding a measured excess of the iojiate 
and titrating the excess with thiosulphate, after reduction with potas- 
1 Rimini, Loc. cii. '* , 
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sium iodide. Petersen 1 employed potassium permanganate in acid solu- 
tion, as did also Roberto and Roncali , 2 while Sebanejeff* used the same 
oxidizing agent in alkaline solution. He determined the hydrazine 
radical in an inorganic salt by adding an excess of that reagent and titra- 
ting back with arsenious acid. 

These methods do not lend themselves readily to the analysis of the 
oxalates of hydrazine on account of the peculiar fact that both the basic 
and the acid radicals in this compound are strong reducing agents and 
both react with the oxidizing substances prescribed. This considera- 
tion debars the use of the methods of Rimini, of Petersen and of Roberto 
and Roncali. The use of permanganate in alkaline solution as outlined 
by Sebanejeff might be employed with modification, as permanganate 
is not reduced by oxalic acid in alkaline solution, but this procedure would 
involve a tedious titration with arsenious acid. To acidify the solution 
for this titration would result in the immediate reduction of the # excess 
of permanganate by the oxalic acid. In the alkaline solution which is 
therefore required, a voluminous precipitate of manganese compound 
forms which must be allowed to settle before any color change jsan be 
detected in the solution. Moreover, the presence of oxalic acid might 
interfere in the titration by reducing the arsenic acid 4 then formed, 
though it is doubtful whether this reduction could occur m an alkaline 
solution . 5 

These considerations made it necessary to devise a method of analysis 
which would take into account the reducing action of both fadicals of 
the oxalates and which would therefore permit the simultaneous deter- 
mination of both hydrazine and oxalic acid. The method of Rimini, 
which is the most satisfactory for the determination of hydrazine, could 
not be adapted to this purpose, for while potassium iodate oxidizes oxalic 
acid, the reaction is too slow, ft even in hot acid solution, to admit of titra- 
tion. Potassium permanganate, it has been shown by Browne and Shet- 
terly in their studies on the oxidation of hydrazine , 7 does not oxidize 
hydrazine in acid solqtion quantitatively to nitrogen and water, but 
yields varying amounts of hydronitric acid and ammonia. Methods 
based on the use of this reagent in acid solution are therefore unreliable. 
Likewise, in alkaline solution, if the permanganate be added slowly, 
small amounts of these products are formed. On the contrary, if an ex- 

1 Petersen, Atti accad. Ltncet, [5] 15, II, 320-5 (*906), Chem. Zentr 1906, II, 
1662. 

* Roberto and Roncali, Industries chtmua , 6, 178 (1904) ; Chem. Zentr., 1904, II, 616 

8 Sebanejeff, Z anorg . Chem., 20, 21-9 (1889). 

* Prescott and Johnson, “Qualitative Cfeem. Analysis,** 5th Ed., p. 257. 

6 Naylor and Braithwaite, Phann . J. and Tianv,, 13, [33464 (1883). 

* Guiard, /. Chem Soc 36, 593 (1879). 

7 Browne and Shetterly, This Journal, 31, 221 (1909). 
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cess of the permanganate is added at once in alkaline solution, the amounts 
of hydronitric acid and ammonia formed are negligible. 1 

In the light of these facts a method of analysis was devised in which 
the hydrazine was oxidized by permanganate in alkaline solution, and 
the oxalic acid bv more permanganate in the same solution after acidifica- 
tion. 

Essentially the following procedure was adopted: The sample to be 
analyzed was dissolved in water in an Erlenmeyer flask and was treated 
with 10 cc. ot a 4 N solution of sodium hydroxide. An amount of stand- 
ard permanganate solution sufficient to oxidize the hydrazine completely, 
but not enough to oxidize all of the oxalic acid, was then added and the 
solution was acidified by adding 5 cc. of concentrated sulphuric acid. 
After the solution had been wanned until the oxides of manganese had 
gone into the solution, a clear, colorless liquid remained. Potassium 
permanganate was then added, drop by drop, until the faintest possible 
permanent coloration was produced. 

The permanganate solution employed in the analysis was standard- 
ized first against a standard solution of oxalic acid and then against a 
solution containing accurately known amounts of both hydrazine sul- 
phate and oxalic acid. The procedure followed in this standardization 
was identical with that adopted in the analysis. By subtracting from 
the total volume of permanganate solution used the volume required 
for the complete oxidation of the oxalic acid, the volume consumed by 
the hydrazine present was ascertained. From these results may be cal- 
culated the value of the permanganate solution in terms either of the 
monoxalate or of the dioxalate. One cc. of permanganate solution em- 
ployed was found to correspond to 0.00213 gram of N 2 H 4 .H 2 C20 4 . 

The results of the analysis are recorded in Table I : 

Tabus I. 


No. of 

Weight of 

KMn04 solu- 
tion used. 
Calculated. 

Found. 

Weight of 

n s h 4 h*c 8 o 4 

Per cent 

n*h 4 h s c 2 o 4 

found 

experiment. 

NsH4.U2C.O4 

cc. 

cc. 

found. 

I 

. O.0530 

24.8 

24.8 

0.0530 

100.0 

2 . . . 

. . 0.0446 

20.9 

20. 8 

O.0443 

99-3 

3 

, . . O.O449 

21 .0 

21 . 2 

0.0451 

100.4 

4 • 

. O.O461 

21.6 

21.6 

0.0461 

100.0 

5 

. . 0.0561 

26.3 

26.5 

O.0564 

100.5 

6 

. . . 0.0503 

23.6 

23-5 

0.0501 

99*6 

7 

. . . 0.0576 

27.O 

27.0 

0 0576 

100.0 


' Properties . — The dioxalate of hydrazine crystallizes in glistening 
needles, without water of crystallization. 

As compared with the monoxalate, the dioxalate of hydrazine is only 
sparingly soluble in water. The following procedure was followed in thk 
* Browne and Shetterly, Loc, cii. 
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to the acid solution for hydrazine with Fehling’s solution yielded nega- 
tive results. (6) The liquid condensate showed a slight alkaline reaction 
toward litmus and responded feebly to tests with iodate for hydrazine. 
On evaporation a slight residue was obtained which was identical with 
the white sublimate described below. Acidification caused effervescence. 
(c) The white sublimate was removed from the side arm of the distilling 
flask, partly in solution and partly in suspension in a small amount of 
water; in this solvent it was not very soluble On the evaporation of a 
few drops of the aqueous solution there separated out what, through 
the microscope, appeared to be small, amorphous particles. It was 
more soluble in hot water than in cold, and it also dissolved readily in 
dilute sulphuric acid. The solution in acid was not accompanied by 
any effervescence, which fact showed the absence of carbonates. Nega- 
tive results were obtained from tests for cyanides and also for hydrazine 
by the iodate method. Ammonia was freely evolved when sodium 
hydroxide was added to the warm aqueous solution of the compound. 
When heated on the platinum plate, the substance decomposed and left 
a deposit of carbon, thus showing the presence of organic matter. 

(4) This experiment was designed to parallel as closely as possible 
the corresponding experiment on the decomposition of the monoxalate. 

A sample of dried crystals, o S030 gram in weight, gave lise on de- 
composition to a total volume of gas of about 127 cc , of which 116 8 cc. 
were analyzed. When this volume of the gas was subjected to the action 
of the diflerent absorbents there was a contraction in potassium hydrox- 
ide solution of 68 9 cc., corresponding to 59 1 per cent, of carbon dioxide 
and hydrocyanic acid or cyanogen; in alkaline pyrogallol, a slight con- 
traction representing a trace of oxygen; and in ammoniacal cuprous 
chloride, a decrease in volume of 19 8 cc., coiresponding to 17 o per cent, 
of carbon monoxide. The residue, which occupied a volume of 27 5 cc., 
equal to 23 5 per cent, of the total volume, was assumed to be nitrogen. 

(5) It was noticed in the melting point determination of the dioxalate 
that, when a sealed capillary tube was used, at a temperature of 200°, a 
liquid was formed which did not solidify on cooling. In order to study 
this decomposition more thoroughly the following procedure was adopted. 

A small sample of the pure, dry dioxalate was sealed in a section of 
combustion tubing, from which the air had been exhausted by means of 
a mercury pump, and was heated in a bomb furnace for about one-half 
hour at a temperature varying from 200° to 210°, A certain volume of 
xylene was enclosed with the tube in the bomb so that the internal pres- 
sure exerted by the gases evolved during the decomposition might be 
equalized in part by the external pressure developed by the vapor of the 
xylene. When the tube was removed from the bomb the substance 
^ which it contained was found to be a clear, sirupy liquid. 
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On examination, the liquid as well as the vapor showed marked alka- 
linity toward red litmus. By means of suitable tests, cyanides were 
found to be absent; in Fehling’s solution very small amounts of the liquid 
were sufficient to produce a decided reduction. 

This liquid was allowed to stand for several days in a tube closed only 
with a cork whereupon a white crystalline solid separated out. The 
crystals were washed thoroughly with absolute alcohol, in which they 
showed only slight solubility The alcohol precipitated more crystals 
from the mother liquid. The crystalline substance was dissolved in 
water from which, on evaporation, it separated readily in glistening 
needles. It was found to reduce acidified potassium iodate and con- 
tained no carbonic or hydrocyanic acid. The addition of a few drops of 
calcium chloride solution to the aqueous, ammoniacal solution of the sub- 
stance resulted in no precipitation whatever. The subsequent tests, 
made microchemically, with the same reagents but in a much more con- 
centrated solution, resulted in a decided precipitation, appearing to in- 
dicate the presence of an oxalate. A quantitative determination of 
oxalic acid in a weighed sample was then attempted with the surprising 
result that when the supposed precipitate of calcium oxalate was being 
washed on the filter with hot water, it completely dissolved. 

The results of this series of experiments show that the dioxalate, when 
subjected to destructive distillation in absence of air, breaks down with 
formation of water, ammonia, hydrocyanic acid, probably combined, 
carbon dioxide, carbon monoxide, nitrogen and carbon. An unidenti- 
fied white compound of ammonia appears as a sublimate. The decom- 
position in a sealed tube leads to the formation of a substance which 
appears to be a hydrazine compound of a carboniferous acid. This un- 
identified acid, in concentrated aqueous solution, forms a calcium salt, 
insoluble in cold water but soluble in hot water. 

On comparing the respective products of decomposition of the two 
oxalates, it is seen that intramolecular oxidation in the case of a dioxalate 
results in the almost complete destruction of the hydrazine radical, so 
that only minute amounts of that substance are found among the prod- 
ucts, while, in that of the monoxalate, where the amount of acid present 
is only one-half as great, the oxidation is so incomplete that hydrazine 
is freely evolved. Also, where an ammonium compound, appearing as 
a sublimate, is formed from the dioxalate, from the monoxalate is pro- 
duced a hydrazine compound. Both substances appear to be a salt of 
an acid containing carbon. 

A comparison of the two substances obtained respectively from the 
destructive distillation of the monoxalate and the heating of the dioxalaty 
in a sealed tube, neither as yet having been subjected to a quantitative 
analysis, indicate that they are dosely related if not identical. This 
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judgment is based on the similarity of their behavior toward certain 
reagents and when heated in melting-point tubes; neither exhibits a defi- 
nite melting point, but the one duplicates closely the behavior of the other 
at like temperatures. 

Titration 0 } Hydrazine Dioxalate with Standard Alkali . — Salts of hydra- 
zine, such as the dichloride 1 and the disulphate, show an acid reaction 
in aqueous solution. 

One-half of the acid in the salts behaves as so much free acid 2 and 
may be titrated with alkalies. In agreement with the other diacid salts, 
hydrazine dioxalate is likewise acid in its reactions. Consequently at- 
tempts were made to titrate its free acid. 

In previous titrations methyl orange has been employed, but on account 
of its lack of sensitiveness to oxalic 8 acid it could not be used in these ex- 
periments. 

Curtius* has shown that the indicators — methyl orange, cochinyJ, 
corallin, tropeolin, fluorescein and litmus — give definite end points when * 
used in the titration of hydrazine hydrate with o.iiV H 2 S0 4 . He did not 
show, however, what the condition of the hydrazine at this end, point was 
with respect to its combination with the acid. Cohn states that litmus 
and corallin are sensitive to oxalic acid. The titration of hydrazine 
dioxalate with azolitmin and with rosolic acid as indicators fail to give 
with any degree of sharpness the point of neutralization of that salt. 
Titrations with standard sulphuric acid with the extremely sensitive 
indicator, erythrosin, however, of a solution made alkaline by the addi- 
tion of a definite volume of standard sodium hydroxide, gave results 
which indicated that the neutral point corresponds to the presence in 
the solution of only the monoxalate. The reaction may be represented 
by the following equation : 

2N 2 H 4 .H 2 C 2 0 4 -K 2 NaOH - (N 2 H 4 ) 3 . H 2 C 3 0 4 + Na 3 C 2 0 4 + 2H 2 0. 

With phenolphthalein as indicator, the whole of the oxalic acid may 
be titrated with sodium hydroxide solution. In the case of none of the 
indicators tried was a sharp end point obtained. 

Cornell University, September, 1909. 


THE EXACT DETERMINATION OF SULPHUR IN SOLUBLE 

SULPHATES. 


By E T Allen and John Johnston. 
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It was in the course of an investigation of the sulphides of iron that 
our attention was first directed to the inaccuracy of the ordinary sulphur 

1 Curtius and Schulz, /. prakt. Chem., 42, 521 (1890). 

% Stolid, Ibid. , [2 ] 66, 33 2-8 ( 1 902) . 

\ * Cf. Cohn, “Indicators and Test-papers/’ 2nd Ed., p. 1 14. 
and Schulz, he. ctf, 
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determination. Without going into the details of the analytical meth- 
ods, it is finally necessary in all of them to precipitate the sulphur from 
a mixture of sulphate and chloride. The results we obtained were in- 
variably low, and here surprisingly so, as the errors are magnified by the 
large percentage of sulphur in these compounds (53.4 per cent, in FeS 2 ). 
The ordinary methods, which, even in very careful work, easily involve 
a loss of 2 per cent, or more of the total sulphur, were inadequate for 
the purposes of our problem, and we were therefore forced to investigate 
them. The complications we encountered led us somewhat farther 
afield than we at first intended, though the importance of the analytical 
problem and some considerations of a more general nature seemed to 
justify this. Several .sources of error were discovered, satisfactorily ac- 
counting, in the end, for all the losses. Some of these, it is true, have 
been noted by other observers, for the field is an old one, but nowhere 
in the literature has the subject been treated on a systematic, quantita- 
tive basis. 

The most important of the errors are involved in the precipitation of 
the sulphur after it has been transformed into soluble sulphate, and to 
these we will confine our attention in this paper. 

Richards and Parker 1 and llulett and Duschak" have studied the 
precipitation of sulphuric and by barium chloride and of barium chloride 
bv sulphuric acid. Their work shows that the barium sulphate thrown 
down under these conditions always weighs too much, because it is con- 
taminated with barium chloride which cannot be washed out; and that 
exact results may be obtained by determining the chlorine in the pre- 
cipitate and deducting the barium chloride equivalent to it from the 
weight of the crude barium sulphate. This part of the subject appears 
to be satisfactorily settled. The little we have done on it only confirms 
the statements of the authors quoted. 

Wc have devoted nearly all of our attention to the precipitation of 
sulphur from soluble sulphates — a case which occurs much more frequently 
in actual practice. Here the results are always low, at least this is true 
of the sulphates of sodium, potassium and ammonium. We will consider 
first the precipitation of solutions of pure sodium sulphate. 

A* The Precipitation of Sodium Sulphate by Barium Chloride. 

The purity of the salt we used in our work was carefully tested in the 
following manner : 

To free it from moisture, a thin layer of the powdered salt was heated 
in platinum to 200-225 0 for an hour or more. After the heating, we 
found it could be melted without losing more than 0.02 per cent, of its 
weight. Then it was transformed into sodium chloride by the addition 

1 Proc. Am. Acad., 31, 67 (1896); Z . anorg. Chem., 8, 413 (1895). 

* Z. anorg. Chem 40, 196 (1904)* 
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of a slight excess of barium chloride; the barium sulphate was filtered 
out and the soluble chloride in the filtrate evaporated to dryness, heated 
to incipient redness, and weighed. To this quantity was added a cor- 
rection for a certain amount of sodium, calculated to chloride, which was 
carried down by the precipitate. 1 

(a) x.2160 g. Na,S 0 4 gave i.oo|6 g. NaCl. Calculated, 1.0008 g. 

( b ) 1.2156 g. Na 2 S 0 4 gave x.0009 g. NaCl. Calculated, 1.0003 g. 

Potassium was sought for by treating the total chlorides (from another 
portion of salt) with an equivalent quantity of chloroplatinic acid and 
evaporating to dryness on the steam bath. The residue was treated 
with successive portions of 93 per cent, alcohol till the greater part was 
dissolved, when the remainder was dried, a little more platinum solution 
added, and the procedure repeated. A little characteristic golden 
yellow residue was obtained. 

(а) 0.995 g. chlorides gave 2.9 mg. K a PtCI fl , equivalent to 0.08 per cent. K j S 0 4 in 
the original salt. 

(б) 0.997 g. chlorides gave 3.3 mg. K 2 PtCl ft , equivalent to 0.09 per cent KjS 0 4 . 

The precipitated barium sulphate was also examined* for potassium, 

but none was found in it. This quantity of another sulphate is, of course, 
too small to make any appreciable difference in the weight of our barium 
sulphate precipitates. The only other impurity noted in the sodium 
sulphate was a trace of iron. 

Method of Precipitation . — The sulphate, dried as previously described, 
was, in some cases, weighed directly, but in general, to avoid exposing 
the anhydrous substance frequently to the air, a given quantity of salt 
was made up to a given weight of solution and weighed portions of this 
were taken for individual determinations. 

About 24.35 grams dried sodium sulphate, weighed carefully to the 
milligram, was put into a tared flask and diluted till the solution weighed 
about 1000 grams. The weight was determined to the nearest centi- 
gram. Portions of this solution of about 50 grams were then weighed 
to the milligram in a weight burette, making all necessary corrections 
for the bubyancy of the air. This was then diluted in a Jena glass beaker 
to 350 cc. with hot water, acidified with a measured quantity of hydro- 
chloric acid, heated to boiling, and precipitated by a alight excess of 
10 per cent, solution of barium chloride ( i . e ., a solution containing 100 
grams BaCl 2 .2H 2 0 in iL). Two grams BaS 0 4 requires 20.9 cc. 10 per 
cent. Bad* solution; while we used 22-22.5 cc. 1 The reagent was let 
into the sulphate solution from a burette, either drop by drop, or, better, 
in a thin stream which flowed down the side of the beaker. 

1 The method of this correction will be described later (page 594). 

* A greater excess was shown to exert no appreciable influence on the results 
(seep. 597). 



DETERMINATION OF suephur in soeubee suephates. 591 

The precipitates were commonly allowed to stand for about 18 hours, 
filtered on paper, and thoroughly washed till the filtrate showed only 
the merest opalescence with silver nitrate; 1 this required 1 to i l / 2 hours' 
washing with precipitates of 2 grams. The moist precipitate and fil- 
ter are then burned very slowly and carefully in a platinum crucible. The 
filter must not be allowed to take fire, for in spite of some statements 
to the contrary, we find the sulphate is readily reduced and not easy to 
oxidize completely, once reduction has taken place — at least this is true 
of large precipitates. As soon as the filter is entirely burned, the cruci- 
ble cover is moved to one side to admit the air, the temperature raised 
and the heating continued till the weight is constant. Once the paper 
is burned, a further heating of 20 minutes will very nearly suffice. 

Gooch crucibles were also tried They obviate all danger of reduc- 
tion, of course, and are well adapted to small precipitates; but large pre- 
cipitates are inclined to clog the filter and demand much time in washing. 
For this reason the results are likely to be somewhat high when Gooch 
crucibles are used. 

The precipitates prepared as described weighed about 2 grams each. 
We chose this quantity for two reasons: first, it is about the quantity 
of barium sulphate yielded by 0.5 gram of iron pyrites; and second, 
and more important, it is a quantity sufficiently large to trace the small 
percentage errors with some degree of certainty. 

Determinations of the sulphur in pure sodium sulphate carried out 
in this manner are always too low, the deficit varying with the condi- 
tions from 0.3 per cent, to 0.5 per cent., and sometimes even more. We 
will now take up these errors in order. 

j. Loss Due to “Solubility ” 2 — This is the most obvious source of error, 
and though the least important, unless the precipitate is quite small, 
it is much increased by free acid. We have determined it in the usual 
way by evaporating the filtrate and washings to dryness in a platinum 
basin, adding a little water to the residue, and filtering on a very small 
ashless paper. Great pains w T ere taken to remove any adhering film 
from the dish, to avoid loss of any material by running through the fil- 
ter, and to wash the precipitate completely. Table I shows the losses 
from solubility. It will be noted that these increase with the concentra- 
tion of acid in the original solution, and therefore that the less acid one 
chooses, the better, so far as this loss is concerned. Tater, it will ap- 

1 A test with a very dilute standard solution showed the chlorine at this stage to 
be equal to about 0.005 nig. in 25 cc. of the washings. v 

3 These losses are not in every case to be referred entirely to the solubility of 
barium sulphate in the supernatant liquid; but may be in some cases partly due tp 
the well-known tendency of barium sulphate to creep. Hence the figures given in the 
table are to be taken, not as quantitative measurements of this solubility, but as analyt- 
ical corrections. 
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of a slight excess of barium chloride; the barium sulphate was filtered 
out and the soluble chloride in the filtrate evaporated to dryness, heated 
to incipient redness, and weighed. To this quantity was added a cor- 
rection for a certain amount of sodium, calculated to chloride, which was 
carried down by the precipitate. 1 

(а) 1.2 1 60 g. NaaS 0 4 gave i.oo|6 g. NaCl. Calculated, 1.0008 g. 

(б) 1.2156 g. N^SO* gave 1.0009 g. NaCl. Calculated, 1.0003 g. 

Potassium was sought for by treating the total chlorides (from another 
portion of salt) with an equivalent quantity of chloroplatinic acid and 
evaporating to dryness on the steam bath. The residue was treated 
with successive portions of 93 per cent, alcohol till the greater part was 
dissolved, when the remainder was dried, a little more platinum solution 
added, and the procedure repeated. A little characteristic golden 
yellow residue was obtained. 

(а) 0.995 g- chlorides gave 2.9 mg. KgPtCl,,, equivalent to 0.08 per ce^t. K^SC^ in 

the original salt. * 

(б) 0.997 g. chlorides gave 3.3 mg. K 2 PtCl B , equivalent to o.oq per cent. K^SO*. 

The precipitated barium sulphate was also examined 'for potassium, 
but none was found in it. This quantity of another sulphate is, of course, 
too small to make any appreciable difference in the weight of our barium 
sulphate precipitates. The only other impurity noted in the sodium 
sulphate was a trace of iron. 

Method of Precipitation , — The sulphate, dried as previously described, 
was, in some cases, weighed directly, but in general, to avoid exposing 
the anhydrous substance frequently to the air, a given quantity of salt 
was made up to a given weight of solution and weighed portions of this 
were taken for individual determinations. 

About 24.35 grams dried sodium sulphate, weighed carefully to the 
milligram, was put into a tared flask and diluted till the solution weighed 
about 1000 grams. The weight was determined to the nearest centi- 
gram. Portions of this solution of about 50 grams were then weighed 
to the milligram in a weight burette, making all necessary corrections 
for the bubyancy of the air. This was then diluted in a Jena glass beaker 
to 350 cc. with hot water, acidified with a measured quantity of hydro- 
chloric acid, heated to boiling, and precipitated by a slight excess of 
10 per cent, solution of barium chloride (i. e., a solution containing 100 
grams BaCl 2 .2H 3 0 in il.). Two grams BaSO< requires 20.9 cc. 10 per 
cent. BaCl a solution; while we used 22-22.5 cc. 4 The reagent was let 
into the sulphate Solution from a burette, either drop by drop, or, better, 
in a thin stream which flowed down the side of the beaker. 

1 The method of this correction will be described later (page 594 ). 

1 A greater excess was shown to exert no appreciable Influence on the results 
{seep, 597). 
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The precipitates were commonly allowed to stand for about 18 hours, 
filtered on paper, and thoroughly washed till the filtrate showed only 
the merest opalescence with silver nitrate; 1 this required 1 to 1V2 hours' 
washing with precipitates of 2 grams. The moist precipitate and fil- 
ter are then burned very slowly and carefully in a platinum crucible. The 
filter must not be allowed to take fire, for in spite of some statements 
to the contrary, we find the sulphate is readily reduced and not easy to 
oxidize completely, once reduction has taken place — at least this is true 
of large precipitates. As soon as the filter is entirely burned, the cruci- 
ble cover is moved to one side to admit the air, the temperature raised 
and the heating continued till the weight is constant. Once the paper 
is burned, a further heating of 20 minutes will very nearly suffice. 

Gooch crucibles were also tried. They obviate all danger of reduc- 
tion, of course, and are well adapted to small precipitates; but large pre- 
cipitates are inclined to clog the filter and demand much time in washing. 
For this reason the results are likely to be somewhat high when Gooch 
crucibles are used. 

The precipitates prepared as described weighed about 2 grams each. 
We chose this quantity for two reasons: first, it is about the quantity 
of barium sulphate yielded by 0.5 gram of iron pyrites; and second, 
and more important, it is a quantity sufficiently large to trace the small 
percentage errors with some degree of certainty. 

Determinations of the sulphur in pure sodium sulphate carried out 
in this manner are always too low, the deficit varying with the condi- 
tions from o 3 per cent, to 0.5 per cent., and sometimes even more. We 
will now take up these errors in order. 

1. Loss Due to "Solubility ” 2 — This is the most obvious source of error, 
and though the least important, unless the precipitate is quite small, 
it is much increased by free acid. We have determined it in the usual 
way by evaporating the filtrate and washings to dryness in a platinum 
basin, adding a little water to the residue, and filtering on a very small 
ashless paper. Great pains were taken to remove any adhering film 
from the dish, to avoid loss of any material by running through the fil- 
ter, and to wash the precipitate completely. Table I shows the losses 
from solubility. It will be noted that these increase with the concentra- 
tion of acid in the original solution, and therefore that the less acid one 
chooses, the better, so far as this loss is concerned. Later, it will ap- 

1 A test with a very dilute standard solution showed the chlorine at this stage to 
be equal to about 0.005 mg. in 25 cc. of the washings. x 

* These losses are not in every case to be referred entirely to the solubility of 
barium sulphate in the supernatant liquid; but may be in some cases partljrdue £> 
the well-known tendency of barium sulphate to creep. Hence the figures given in the 
table are to be taken, not as quantitative measurements of this solubility, but as analyt- 
ical corrections. 
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Tablb I. — Losses (in mg.) Due to the Solubility op BaS 0 4 . 

Total volume— 350 cc. + 350 ec. washings, 
cc. 20 per cent. HC 1 . Mean. 


0.2 

J *3 

1 .0 

0.9 

0.6 

0.7 

0.9 

1.0 

— 1.6 

i *4 




1*5 

5.0 

3-5 

3 *i 


. 


3-3 

10. 0 

4-1 

3 * 7 

. 



3-9 

20 O 

14-3 

10. 0 




12.0 

100.0 

36-5 



. . 


36.0 


pear that another and more important error is influenced by the same 
cause. In most of our work we have used one of two acid concentra- 
tions, viz., 2 cc. of 2 per cent. 1 or i cc. 20 per cent, hydrochloric acid, the 
volume of the solution being 350 cc. The stronger acid has the advan- 
tage that the precipitates formed in its presence are somewhat denser 
and more convenient to handle, but the weaker acid is to be recommended, 
since the sum of the corrections in that case is smaller. Tlje quantity 
of free acid ordinarily used in the sulphate determination is doubtless 
too great, and may cause large percentage errors on precipitates which 
weigh only a few hundred milligrams. 7 

The statement has been made by several chemists that alkaline chlo- 
rides greatly increase the solubility of barium sulphate. 8 Determina- 
tions of the solubility by the above method in solutions containing 10 
grams sodium chloride in 350 cc. showed that the chloride was practic- 
ally without influence. As these results were perfectly consistent with the 
rest of our work on sodium sulphate, nothing more was done on the ques- 
tion, but as regards the solvent effect of potassium and ammonium chlo- 
rides which is commonly held to be greater, we have definitely disproved 
that in another way (see Tables XX and XXV). 

2. The Occlusion 4 of Sodium Sulphate by Barium Sulphate. — Table II 
gives a number of determinations of barium sulphate from a weighed 
quantity of sodium sulphate, and the corresponding deficits. It will 

Tabue II.—TotaIv Losses (in mg.) in the Precipitation op Pure Sodium Sulphate. 

cc * 

30 per cent HC 1 02. 10 

in the solution — - ■ ■ — — — — . — — - — > — » — ■ 

BaS0 4 calc 2002.2 1995.4 2044.5 2039.9 2036 6 2002 6 2037.4 1998.0 1994.5 

BaSQ 4 found . 1994 7 1985.5 2032.6 2035.7 2029.4 1995.5 2030.3 1985.7 1987.4 


Deficit in mg. 75 9.9 11.9 4.2 7.2 7.1 7.1 12.3 7.1 

1 For convenience, both will be stated in terms of 20 per cent acid. 
j 2 Thus FoJin (/. Biochem., x, 147 (1906)) prescribes as safe limits of acidity 1-4 
cc cone hydrochloric acid in 150 cc. solution, t. 4.5 cc. -18.5 cc. 20 per cent, add 
Sj^in 350 cc. 

* R. Fresenius and E. Hintz, Z. anal. Ckem„ 35, 75 (1896) ; Lunge and Stiedist* 
Z. angew. Chem 18, 1929 (1905) ; Folin, J. Bwckcrn., x f 142 and 144 (1906). J 

4 By occlusion we mean, simply, retention by the precipitate without implying 5 ; 
its nature. 
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be seen at once that the solubility correction (Table I) accounts for only 
a small part of the total loss. 

In the sixth German edition of his 4 ‘Quantitative Analysis” (Vol. I, 
p. 230, (1875)), Fresenius says that, when barium is precipitated by sul- 
phuric acid in the presence of alkalies, small portions of alkali sulphates 
are carried down with the precipitate, but he gives no data. Hintz and 
Weber 1 found that, when barium sulphate, which had been precipitated 
from an ammonium sulphate solution, was heated in a glass tube, a 
sublimate containing sulphate was obtained. Lunge and Stierlin 2 give 
results of four determinations of sodium and potassium sulphates in crude 
barium sulphate, by digesting the latter with dilute hydrochloric acid. 
No evidence as to the completeness of the separation is offered. 8 We 
examined the weighed precipitate for impurities as follows: 

The precipitate was dissolved in about 15 cc. pure cone, sulphuric acid 
in a platinum dish. The solution was cooled and poured in a thin stream 
into about 350 cc. water with vigorous stirring. The solution and pre- 
cipitate were heated to facilitate filtering, after which the solution was 
evaporated over a free flame till fumes of sulphuric acid appeared, and 
then carried to dryness in a hood with good draft. The residue in the 
platinum basin was now dissolved in a little water and filtered through a 
5.5 cm. filter into a small tared platinum dish. The contents were 
evaporated to dryness on the steam bath, then heated carefully to red- 
ness, cooled and weighed. The white soluble salt obtained could hardly 
be anything but sodium sulphate, nevertheless one of the residues was 
converted into barium sulphate and the point proved, o 0234 gram 
residue gave o 0386 gram BaS 0 4 ; calc, for NajSO*, o 0385 gram. In 
order to And whether all the sodium sulphate is recovered from the pre- 
cipitate by the above method, the precipitate obtained by pouring the 
sulphuric acid solution into water was dried, ignited, and again dissolved 
in sulphuric acid and reprecipitated by water. The results of four such 
experiments follow : 

Na i S0 4 (in mg.) from first extraction 10. 1 11.8 24.8 26.2 

Na^StL (in mg.) from second extraction 0.8 1.3 2.1 2.0 

The second extraction recovers so nearly 10 per cent, of the amount 
obtained by the first extraction that in all subsequent data the amount 
actually obtained by one extraction w r ill be given, but the correction will 
be made on a quantity 10 per cent, greater. This probably is as accurate 
as a direct determination would be. 

Table III shows the amount of sodium sulphate found in precipitates 

1 Z. anal Chem. t 45, 39 (1906). 

* Z. angew . Chem ,, iS, 1921 (1905). * 

• We later discovered that water alone will extract from an ignited precipitate 
about 80 per cent, of the alkali salt 
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formed under the conditions stated above, and also the corresponding 
corrections. Since all the sodium sulphate in the precipitate should, of 
course, have been converted into barium sulphate, the precipitate weighs 
too little. The numbers designated “correction” in the table are ob- 
tained by multiplying the weight of the occluded sodium sulphate, plus 
io per cent., by the factor 91.37/142.07 « (BaS 0 4 — Na 2 S 0 4 )/Na 2 S 0 4 . 

Table III. — Occlusion op Sodium Sulphate by Barium Sulphate. 

Na,S 0 4 (in mg.) occluded by 2 grams precipitate 1 with the corrections. 


0.2 cc. 20 per cent. HC 1 .. 8.7 7.1 9.1 5.3 8.3 4.7 11.9 11.6 

Corrections 6.1 5.0 6.4 3.7 3.8 3.3 8.3 8.1 

1.0 cc. 20 per cent. HCL. u.6 8.4 y.4 12.0 10.3 7.1 7.7 9.4 

Corrections 8.1 5.9 8.0 8.4 7.2 5.0 5.4 6.5 


This sodium sulphate is originally present as such in the barium sul- 
phate. It is not present in the form of sodium chloride, as one might 
suspect. At least, this is true of the ignited precipitates. We have, 
repeatedly tested our precipitates for chlorine by the quick and accurate 
method of Hulett and Duschak. 2 This consists in dissolving the pre- 
cipitate in sulphuric acid, in a simple apparatus of glass swept by a cur- 
rent of air which carries the free hydrochloric acid into a solution of sil- 
ver nitrate. We heated directly with a small flame, instead of a hot water 
bath, as Hulett and Duschak did, thereby dissolving the precipitate in 
a much shorter time, though now and then a determination is lost by the 
cracking of the tube. The silver chloride was determined gravimetric- 
ally instead of volumetrically, which was more convenient and suffi- 
ciently accurate for our purpose. 

Precipitates prepared and washed as we 'have directed in the foregoing 
never gave more than 0.5 mg. of chlorine after ignition , and we have 
repeatedly reduced the quantity to 0.1 mg., even when the original 
solution contained 15 to 30 grams sodium, potassium, or ammonium 
chloride per liter. This is shown in Table IV. We will later show that 

Table IV. — Chlorine (in mg.) in 2 grams Ignited Precipitate. 

From Na,S0 4 solutions containing HC1 ns below; V « 350 cc. 

cc. ao per cent. HC 1 in sotti. 

Grams NaCl. i drop o.i o.a i.o 5.0 ao.o 100,0 

o x.o 0.2 0.4 0.2 and 0.4 0.1 0.6 4.0 

4 0.1 

the washed, but unignited, precipitates contain usually 1-2 mg. of chlo- 
rine, which is probably present as barium chloride; this is considerably 
increased when the precipitate is rapidly formed. The chlorine is prac- 
tically all lost on ignition, if the precipitate has been slowly formed. 

1 Volume of original solution * 350 cc. 

* hoc. p. 197. 
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The next step in the investigation was naturally~to study the causes 
which condition the occlusion of sodium sulphate by the precipitate. 

Influence of Various Factors on the Composition of the Precipitate. 

(i) The Effect of Concentration of the Sodium Sulphate . — Table V gives 
a comparison of the quantities of sodium sulphate found in 2 grams 
barium sulphate precipitated from sodium sulphate solutions of several 

Table V. — Effect of Concentration of Sodium Sulphate. 

Quantities of sodium sulphate occluded by 2 grams precipitate. 


Volume in <»r» 

cc. 20 per 
cent. HC 1 




Mg. 


f vlUUIV 1U WL* 

350 

I . 

II. 6 

8.4 

11. 4 

12.0 

10.3 

IOOO 

5 

6.0 

8.9 




2000 

10 

8.0 

6 9 

6.9 

8 2 

8.9 6.4 5.3 

8000 

5 

10.9 

[precipitated cold) 


8000 

25 

9.6 

[precipitated cold] 



concentrations, the other conditions remaining the same. It will be seen 
that increasing the volume from 350 to 2000 cc. reduces the quantity 
slightly. The last two experiments are instructive. Equivalent solu- 
tions of barium chloride and sodium sulphate, each 100 cc. in volume and 
of such a concentration as to give about 2 grams of barium sulphate, 
were allowed to drop slowly and at the same rate (100 cc. in about 4 hours) 
into 8 liters of cold water, which was vigorously stirred during the whole 
process. The conditions in the two experiments differed only in the 
amount of acid in the solution. The quantity of sodium sulphate oc- 
cluded, instead of being reduced by this high dilution, was a trifle in 
creased thereby, though possibly this increase may be due to the fact 
that these precipitates were thrown down in the cold. It is evident 
from this that dilution alone is of little influence in reducing occlusion 
of sodium sulphate. 

(2) Effect of the Rate of Addition of the Reagent . — The rate at which the 
solution is precipitated has some influence on occlusion, though it is not 
very great. Thus, if the reagent is allowed to flow as rapidly as possi- 
ble from the burette (time — 9 seconds in the burette we used), the quan- 
tity of sodium sulphate taken up by the precipitate is reduced somewhat, 
though the results here are not so uniform as they are when the rate is 
dower (see p. 603). 

, (j) The Effect of Pouring the Sulphate into the Barium Chloride . — The 
few results obtained in this way indicate that no effect is to be attributed 
to this cause. In the three following experiments the barium chloride 
solution was diluted to 350 cc., acidified, and heated to boiling. Then 
the sulphate solution in 50 cc. volume was poured as slowly as possible 
into it with constant stirring. In three different experiments, the quan- 
tities of sodium sulphate occluded in 2 grams precipitate were 11.6 mg./ 
8*4 mg.* and 12 mg. 
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(4) The Effect of Add Concentration. — The concentration of the hydro- 
chloric acid in the sulphate solution was found to reduce the occluded 
alkali sulphate very slowly, as may be seen from Table VI, but free add 
increases the other errors more than it diminishes this one. 

Table VI. — Effect of Acid Concentration on Occlusion. 


Na s S 0 4 (in mg.) in 2 

grams precipitate. V 

■■ 350 cc. 


cc. 30 per cent. HC 1 . 0.3. 1. 

5. *0 

30 . 

100. 

8.7 7.1 

7 * 7 4-1 

3*6 

2.5 

9.1 7-7 

7 * 1 9-4 

5.1 


* 


(5) Influence of Time. — There is a noticeable change in the composi- 
tion of the precipitate if it is left to stand in the supernatant liquid. A 
precipitate which is filtered and washed immediately after precipitation 
always contains more sulphate than one which has been left to stand, 
Table VII. — Effect of the Time of Standing on Occlusion. 




Mg. sodium sulphate in 

2 grams precipitate. 


Time. 

Vol, 

NaCl. 

cc 30 per 






Hour*. 

cc. 

Gins 

cent. HC 1 






1/4 

350 

O 

O 2 

11. 9 

11 .6 




1/4 

350 

5 

O. 2 

22.6 

22.7 



* ... 

3 

350 

5 

O 2 

18.3 

19. b 

18.5 

197 

18.4 19.7 

3 

2000 

0 

1 .0 

6.9 

6 9 

8.2 

8.9 


18 

350 

0 

0.2 

8.7 

9.1 




18 

350 

5 

0.2 

17*3 

17 1 

* 7-5 

17.2 

17.9 ... 

18 

2000 

0 

I .O 

8.0 

5 3 

6.4 



45 

350 

0 

0.2 

5*3 





45 

350 

5 

0.2 

14.0 

*4.2 




70 

350 

5 

0.2 

12.6 

11 9 





and the difference is considerable when the initial quantity of ocduded 
sodium sulphate is large. 

(< 5 ) Effect of Digesting the Precipitate . — In order to test this point, a 
number of predpitations were made in the usual way from solutions of 
sodium sulphate containing 5 grams sodium chloride and o 2 cc. 20 per 
cent, hydrochloric acid. Of these precipitates two were allowed to stand 
in contact with the original supernatant liquid for three hours on the 
steam bath; the precipitate was then filtered off, and the occluded sodium 
sulphate, determined in the usual way, was (1) 18.3 mg., and (2) 19.0 
mg. In the other four casefc, the supernatant liquid was poured off im- 
mediately after the precipitation and the predpitate was treated as fol- 
lows, the time of contact with the liquid being in each case three hours 
on the steam bath. 

Amount of 
N» t so 4 iiiwf. 


(3) Filtered and washed ppt. until free from Cl. ; added 350 cc. hot water. 18,4 

(4) Added 350 cc. hot water 19,7 

(5) Added 350 cc. hot water containing i.a grams Na*S 0 4 18. £ 

(6) Added 356 cc. hot water containing x.o gram Bad* * 19*7 
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From these results it is evident that the amount of sodium sulphate 
still occluded by the precipitate at the end of three hours on the steam 
bath, is independent of the composition and concentration of the super- 
natant liquid. The explanation of these results appears to be that the 
impurities in the precipitate react chemically with one another, forming 
barium sulphate and sodium chloride, and that it is the latter — not so- 
dium sulphate — which diffuses out into the supernatant liquid (see 
paragraph 5). At any rate, it is evident that in an analysis nothing is 
gained by digesting the piecipitate with a large excess of reagent. 

(7) Influence of Concentration of Sodium Chloride -It has been shown 
that a considerable variation m the concentration of a sodium sulphate 
solution exerts only a small influence on the content of the same in the 
barium sulphate precipitated from it When the concentration of the 
sodium is increased by adding sodium chloride to the original solution, 
the occlusion of sodium sulphate is markedly increased. In Table VIII 

Table VIII - E*ff.cT or Sonic m Chloridi on the Occli sion or Sodium Sulphate. 


Mg sodium sulphate m 2 grams precipitate 


NaCl 

cc. 30 per 

Time 


Grama 

cent HCl 

Hours 


0 

0 2 

18 

8 3 (Average from Table III) 

* 0 

1 0 

18 

8 0 (Average from Table III) 

0 

5 0 

18 

7 7 

2 

0.2 

V. 

14 0 

2 

5 0 

‘A 

10 0 

5 

0 2 

18 

174 (Average from Table III) 

5 

5 0 

V. 

16 4 

5 

5 0 

18 

11 5 

10 

0 2 

7 < 

24 8 26 2 

10 

0 2 

18 

17 8 

10 

1 0 

18 

23 6 

this influence is brought out 

It appears 

that a concentration of sodium 


chloride of about 30 grams per liter causes an error of about o 75 per 
cent, of the total sulphur from this source alone. The importance of this 
error is evident when it is remembered that alkali chlorides are commonly 
present in considerable quantity in solutions which have to be analyzed 
for sulphur The effect of concentrations of chlorides greater than the 
above were not studied. Again, it should be stated that the presence of 
sodium chloride does not occasion the occlusion of the chloride as such. 
The ignited precipitates contain only a minute trace of chloride. Later 
we found that precipitates before ignition contained a small quantity, 
but the evidence goes to show that it is present as barium chloride, and 
that it is partly eliminated as hydrochloric acid during ignition. 

The Volatilization of Sulphuric Acid when Precipitates Are Heated. * 
In many instances the losses due to solubility and the occlusion of 
sodium sulphate! together, make up nearly the whole deficit in sulphate 
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determinations, but in others, e. g. } where the quantity of acid or of so- 
dium chloride is considerable, the loss still unaccounted for may be equal 
to the sum of the above-named errors. As we could conceive of no other 
possibility, we tried experiments to find if the precipitates lost anything 
when they were heated. 

To this end precipitates prepared and washed as usual were dried (in 
a toluene bath) at 105 °. They were then carefully detached from the 
paper by tapping, and put into a tubulated platinum crucible (Gooch's) 
adapted to the determination of any volatile product. 1 The joint be- 
tween cover and crucible was sealed with sodium tungstate, and the out- 
let tube was connected with a Liebig potash bulb which contained 10 
cc. water and 1 cc. Merck's perhydrol free from sulphur. A current of 
pure dry air was drawn through the apparatus while the crucible was 
heated strongly by means of a Bunsen burner, the outlet tube from time 
to time being also heated with the free flame to drive out the volatile 
products. The contents of the bulb proved to contain sulphuric acid 
when tested in the usual way. A large number of subsequent experi- 
ments showed that barium sulphate precipitates thrown down from acidi- 
fied sodium sulphate solutions, always lose sulphuric acid when they 
are ignited in this way. The tubulated crucible was used for all the 
earlier determinations given in this paper . For the greater losses caused 
by the chlorides of potassium and ammonium, it gave, for some reason, 
results entirely too low. A platinum combustion tube 3 and boat were 
therefore substituted. The tube must be heated with a blast, otherwise 
the barium sulphate in the boat does not reach a temperature compara- 
ble with that in an ordinary sulphur determination. In cases where the 
loss is large, two bulbs are required for complete absorption. Perhydrol 
must be used in the bulbs, otherwise there is a partial loss of sulphur 
dioxide which is formed by the dissociation of the sulphuric acid. Blanks 
were tried at various times but no trace of sulphuric acid was ever ob- 
tained from any of them. At first it was suspected that the volatilized 
sulphur came from a decomposition of the barium * sulphate. This was 
disproved by the fact that the precipitates soon reach a constant weight, 
a point which is further supported by the work of Mostowitsch,* who 
found that barium sulphate does npt appreciably dissociate under 1400°. 
The possibility of a reduction of the sulphate to sulphide, either by fibers 
of filter paper or by the hydrogen of the flame passing through the hot 
platinum, and a decomposition of the sulphide by moisture at the same 
time, was also considered. The flame surely had nothing to do with the 

1 See W. F. Hillebrand, Bulls. U. S, Geol. Surv ., Nos. 305 and 422, wbfcre the appa- 
ratus is described and applied to the determination of water in minerals. 

* The authors wish to acknowledge their indebtedness to Mr. P. H. Walker, of the 
Bureau of Chemistry, for the loan of the combustion tube. 

• Metalktrgk, 6 , 450 (1909). 
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case* because the results were the same when the crucible was heated by 
a resistance furnace to a temperature of about iooo°. Numerous tests 
on precipitates which had been heated in either way proved that they 
were not alkaline after ignition. These tests were very carefully con- 
ducted’ with hot boiled wattr and a drop of phenolphthalein. The solu- 
tion never changed color; isolated grains sometimes turned pink, but a 
drop of o.o i N acid was sufficient to dispel the color. This sets at rest 
any question of the decomposition of barium sulphate. Finally, it was 
shown that the quantity of sulphuric acid lost by volatilization varies 
greatly according to the conditions under which the precipitate was 
formed, but keeps pace with the deficits found on precipitates prepared 
under parallel conditions. Experiments showed that nearly all the loss 
occurs above 500 °, but to heat the precipitates to this temperature would 
not remedy the difficulty; firstly, because water is retained by the pre- 
cipitate at that temperature, and secondly, because the real difficulty 
is the failure to convert the sulphuric acid into barium sulphate during 
precipitation. 

Influence of Various Factors on the Loss by Volatilization. 

In general, these factors are the same as those which condition occlu- 
sion; but the degree of their influence is different. 

(7) Effect 0} Acid Concentration . — Table IX shows how this loss varies 
with the concentration of hydrochloric acid in the solution from which 
the barium sulphate is thrown down. The loss is given in terms of bar- 
Table IX - -Sulphi ric Acid (in Terms ok Barium Sulphate) Lost by 2 Grams 


Precipitate. 

Precipitation from Pure Sodium Sulphate; V — 350 cc. 


cc. 20 per 
cent. HC 1 . 






Mg. BaS 0 4 . 

Mean 











O. I 

0.5 

0.3 


. 

. 





... 0.4 

O. 2 

0.4 

0.6 



. 






• . 0.5 

1.0 

2.4 

1.8 

2 

0 

2 

6 1 

2 

7 

1.6 2.4* 2.1 

2.7 2.2 

5 -o 

5*4 

6.4 1 

3 

8 l 

4 

3 

3 

8 

4.8* 5.1 4.5 1 

• • 4-7 

10. 0 

3 - 1 

2.9 

3 

4 l 

2 

6 ‘ 

2 

8 1 

3-1 

2.9 

20.0 

00 

2.4 

1 

• 7 

I 

•3 

1 

7 


1.8 


ium sulphate, since the sulphuric acid volatilized should have been con- 
verted into barium sulphate during precipitation. It will be noted that 
the loss increases with the strength of acid up to 5 cc. of 20 per cent, 
hydrochloric acid in 350 cc., and then falls again. As said before, nearly 
all our work has been done with 0.2 cc. and 1 .0 cc. of 20 per cent, hy- 
drochloric acid in a total volume of 350 cc. (lines 2 and 3). Here the 
loss seenfs nearly proportional to the acid concentration, which again is 
a reason for using the smaller quantity of acid. If the sulphate is poured 
into the barium chloride instead of vice versa , the volatilization losses are 
reduced. Two different precipitates, of about 2 grams each, formed in 
1 The figures marked 1 were derived by doubling the results obtained on x gram. 
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this way, in solutions containing i cc. 20 per cent, hydrochloric acid, 
lost sulphuric acid which yielded 0.3 mg. and 0.8 mg. barium sulphate, 
respectively. The quantities marked 1 in the table were derived by doub- 
ling the results obtained from 1 gram of precipitate, thus showing that 
the losses are proportional to the weight. 

(2) Effect of Sodium Chloride . — Table X shows that when barium sul- 
phate is precipitated from solutions containing sodium chloride, the acid 
remaining constant, the loss by volatilization is greatly increased. As 
chlorides are usually present where sulphates are to be determined, the 
importance of this fact will be instantly recognized. 

(j) Influence of Time. — The data on this point show higher losses 
when precipitates are filtered and washed immediately after precipita- 
tion, and a gradual reduction of the losses when the precipitates are al- 
lowed to stand in contact with the supernatant liquid. A few data on 
this point are given in Table X. Where accuracy in the determination 

Table X. — Effect of NaCl on Volatilization Loss. 

H 2 S0 4 (in nig. BaS0 4 ) lost by 2 grams precipitate. 

Grams, o 2 cc. 20 per cent. HC 1 . 1.0 cc. 20 per cent. HC 1 . 5 o cc 20 per cent. HC 1 . 


NaCl 

O 

0.5 1 


2 . 2 1 



4*7 

2 

1-7 

3 4 s 

4 6 




5 

5*4 

5 * 3 * 

10 0 



11. 9 


5.1 

5 1 

8.8 



10. 1 

10 

8.8 


13*7 

11. 9 

H. i* 



7 1 


IT .6 

12.0 

6, 8 4 







12.9 



of sulphur is required, it is therefore evident that there is a real gain in 
allowing the precipitate to stand. We have shown that the errors, both 
from occlusion of sodium sulphate and from volatilization, are in this 
direction and the same must be true of “solubility/* if there is any differ- 
ence at all, 

(4) Effect of Rate of Addition of the Reagent — We have stated previously 
that the rate at which the reagent is added to the solution makes little 
difference in the quantity of alkali sulphate retained by the precipitate. 
The loss by volatility, however, is markedly lowered by increasing the 
rate (Table XI). 

The Composition of Rapidly Formed Precipitates. 

The direct and natural inference from the results in this table is that 
rapid precipitation reduces the amount of “free” acid in the precipitate. 
A clbser study proved this to be true. Rapid precipitation has also an- 
other effect, viz to increase the quantity of chlorine in the precipitate. 

1 Averages from Table IX. 

* filtered immediately after precipitation. 

• jlioad 3 hours on the steam bath. 

5 * 4 ;jStood 70 hours In the cold. All others stood 18 hours. 
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Table XL — Effect of Rate of Precipitation on Volatilization Loss. 
HjS 0 4 (in mg. BaS0 4 ) lost by 2 grams precipitate. 


Crams 

0.2 cc. 30 per cent. HC 1 . 
Time of precipitation 

1 cc. 20 per cent HC 1 . 
Time of precipitation. 

5 cc. 20 per cent HC 1 . 
Time of precipitation. 

NaCl. 

3*6 ruin. 1 

9 sec. 

3*6 min. 1 9 see. 

3-6 min * 

9 see. 

O 

0.5 

O 4 

2.2 

4- 7 

0 4 

5 

5-2 

0 6 




10 


0.7 

12 4 3-7 






4 




Indeed, all unignited barium sulphate precipitates contain chlorine, 
however carefully they are washed. Four solutions of identical com- 
position, viz., 1.21 grams NajSO* + 5 grains NaCl + 0.2 cc. 20 per cent, 
hydrochloric acid in 350 cc., were precipitated in pairs, two slowly and 
two rapidly. The time for each of the first pair was 3 -6 minutes, for the 
feecond pair 9 seconds. After the usual washing, these precipitates were 
pried at 105 °. The chlorine was determined by Hulett and Duschak’s 
method. 6.3 mg. and 7.2 mg., respectively, of silver chloride were ob- 
tained from the first pair, the 17.8 mg. and 20.9 mg. from the second 
[pair. We have previously seen that the total sodium is slightly dimin- 
ished by a rapid precipitation, which could not be the case were the 
chlorine taken up in the form of sodium chloride. Now, since barium 
sulphate, which is precipitated from sulphuric and , also contains chlorine 
Which Hulett and Duschak have shown to be likewise increased by rapid 
precipitation, and which in their case must be in the form of barium 
chloride, we conclude that the chlorine in all the precipitates is in the 
same form. 

Since both “free” sulphuric acid and barium chloride exist together 
in the same precipitate, it is not surprising to find that during ignition 
some hydrochloric acid is always volatilized, formed, of course, by the 
chemical reaction of the two substances. We at first supposed that by 
this mtans the rapidly formed precipitates, containing as they do more 
chloride, reduced the volatilization of sulphuric acid. But experiment 
showed that the amount of hydrochloric acid thus formed is about the 
same, whether the precipitate had been formed slowly or rapidly; conse- 
quently the washed precipitate must contain less “free” sulphuric acid 
in the latter case. A slowly formed precipitate loses, in this way, prac- 
tically all its chlorine, but a rapidly formed precipitate still contains a 
considerable amount. Two such precipitates formed in solutions eon- 
taining 5 grams NaCl + 0.2 cc. 20 per cent, hydrochloric acid in 350 cc. 
retained xo . 3 mg. and 10.8 mg. chlorine (in terms of silver chloride). 2 In 

1 The values given for slow precipitation are average values from Tables IX and X. 

1 Our precipitates are thus, at least partially, analogous in composition to Hulett 
ind Duschak’s, though apparently the amount of sulphuric add their precipitates 
absorb, if any, is always less. 
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spite of this fact, we may still lose several milligrams of sulphuric acid (in 
terms of barium sulphate) on heating. After ignition one may extract from 
such a precipitate both sodium chloride and sodium sulphate, though 
not the total quantity of the sodium (Table XII). 

Table XII. — Water Extract (in mg.) from -Ignited Precipitates. 
Precipitation from Na jt S 0 4 + 5 grams NaCl f 0.2 cc. 20 per cent. HC 1 ; V -» 350 cc. 




Water extract. 

Na 2 S 0 4 left 
in precipitate 
after extra c- 
tion by water.' 

Total to- 
il 111 tu, calc, 
as Na t S 0 4 .« 



Total. 

NaCl. 

n«,so 4 . ’ 

Precipitated in 9 sec 


8.6 

7.1 

*•5 

2.0 

12. I 

Precipitated in 9 sec 

l 

8.8 

6.0 

2.8 

2.0 

12. 1 

Precipitated by pouring 

8.6 

4*5 

4 -* 

4.0 

13*6 

Na 3 S 0 4 into BaCl 2 in 10 sec 


11. 8 

2.5 

9*3 

3*3 

15. 1 

Precipitated in about 3 min. 



trace 

14.5 


14-5 

Precipitated in about 3 min 


16.2 

trace 

16.2 


16.2 


We have treated the subject of rapid precipitation so much in detail 
because it has been advocated as the essential condition of atf analytical 
method for the determination of sulphur by Hints and Weber . 3 From 
the preceding it will now be understood that the losses by volatilization 
of sulphuric acid and occlusion of sodium sulphate are in the first place 
reduced by reason of a more complete conversion of the original sulphate 
into barium sulphate, and in the second place, partially compensated by 
an absorption of barium chloride by the precipitate. Our own results, 
obtained by rapid precipitation, which are given in Table XIII, prove it 


Table XIII. — Results from Rapid Precipitation (in 9 Sec.). 

From solution as below: V «> 350 cc. 

Nft*S 0 4 -f Na, 80 4 4 

Na,S 0 4 sNaCl loNaCl K 2 S 0 4 4 10KCI. 

Salts. o.2 0.2 z 0.3 

cc. 20 per cent. HC 1 . . — ■ . — — . 

BaS0 4 (calc.) 2.0199 2.0224 2.1352 2.0069 2.0105 2.0223 

BaS 0 4 (found) 2.0142 2.0x63 2,1354 2.0090 2.0089 2.0160 


Chlorine 4 


0.4 

2.6 

1.0 

0.8 

. . . 

Chlorine (corr.) . 


— 1.2 

— 7*5 

— 3*1 

—2.5 

—2.5 

Alkali sulphate. . 

5*3 

4*7 

8.9 

4*4 

9.1 

10. 1 

Do. (corr.) 

■ • 3*7 

3*3 

6.2 

3*0 

3*7 

4*1 

Sy. (corr.) 

2.1 

1*9 

1.0 

x.o 

2*4 

2*4 

Vy. (corr.) 

. , . 0.6 

0.6 

0.6 

2. I 

5*0 

4*4 

Sum of corrs 

... 6.4 

4*6 

6*3 

3 *Q 

8.6 

8*4 

Deficit 

* ** 5'7 

6, 1 

— 0.2 

2.1 

1.6 

6*3 


— 0.7 

1*5 

— 0*5 

— 5 * 1 * 

— 7 *o 

— 2.1 


1 Presumably only NajS 0 4 remained in the precipitate; chlorine was not tested for. 

* Had an extraction with sulphuric acid, instead of water, been made, all would 
have been changed to sulphate. 

* Z. anal. Chem. t 45, 31 (1906). 

4 After ignition the chlorine is doubtless present in the precipitate as sodium 
chloride; still it makes no difference whether it is regarded as combined with sodium or 
rium. The sodium is always more than equivalent to the chlorine and we ma 
! (1) all the chlorine as Bad, and all the sodium as sulphate* or ($) all &e chip* 
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far superior to the ordinary slow precipitation. It should be stated 
that the conditions we followed were not exactly those recommended by 
Hintz and Weber. They used 1 cc. cone, hydrochloric acid in 450 cc., 
and, having previously diluted the reagent to 100 cc. and heated to boil- 
ing, poured it in all at once. We adopted the variations in the hope of 
greater uniformity. The results obtained are, in fact, similar to theirs, 
both in uniformity and accuracy. The\ are not so reliable as the cor- 
rected results when the precipitation is done slowly, but they are often 
surprisingly good. 

Total Sulphuric Acid Occluded by Barium Sulphate Precipitates. 

It is now evident that the total qrantit) of free sulphuric acid origi- 
nally present in all barium sulphate precipitates is greater than that lost 
by volatilization; a part of it is held back by the barium chloride which* 
the pieeipitates also retain, and an equivalent of hydrochloric acid is vola- 
tilized in its place. Although no part of the analytical problem, we re- 
garded it as a maltet of some interest to determine the total quantity of 
sulphuric acid occluded under \arious conditions. Accordingly, the vola- 
tile products were collected as usual and both the hydrochloric and sul- 
phuric acids were determined in each. Table XIV shows the quantities 
Tabus XIV — Effect of Rate of Precipitation on Chlorine 1 Volatilized in the 


Ignition or Precipitates 
Chlorine (in mgs AgCl) in 2 grams precipitate. 
Time of precipitation 



O ICC 

20 per rent. HC 1 

1 cc 

20 percent HC1 

5 cc 

20 p< 1 cent TIC1 

10 cc 

20 per 
cent HC 1 
3-6 mm 

20 cc 

2t> per 
cent IlCl 
3-0 nun 

NaCl 

3-6 min. 

9 

3-6 mm 9 sec 

3-6 m in 9 sec 

0 

0,6 

2.8 

4.8 

2.3 5 3 

2.6 

0.0 



• • 

5.9 

1.8 

1-3 

2.0 

5 

6.3 

3*4 

5-6 





3.1 

4 O 

5-0 


• ■ 

• 

10 

6.0 


3-5 «-7 





4.8 


3*4 5 -i 





of hydrochloric acid (in terras of silver chloride) which are lost by pre- 
cipitates formed under stated conditions. Table XV gives, in parallel 
columns, the quantities of hydrochloric acid volatilized, in terms of sul- 
phuric acid, and the quantities of sulphuric acid which are lost as such. 


rine as NaCl and the rest of the sodium as sulphate. If a 
extracted with sulphuric acid, the corrections would be: 


• Cl found and b ~ Na^SCU 


(0 h 


BaSO^— Na^SO* 
Na^SO* 


BaCl, 
~ 2 C1 ‘ 


(2) 


^ Na*SCV”| BaSO < — N a^SO, 


2CI J 


Na 2 S 0 4 


aNaCl ^ BaSO* - Na^O* BavSO* — Na^O* 4 iNaCl 

~’ad ° “ ~Na 1 SO« ~ •" 'ad" ’ 

is identical with (i). 

* This quantity equals the total quantity occluded in slow precipitations; it is leas 
tfefUt the total' in rapid precipitations. 
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Table XV — Sulphuric Acid (in mg ) Occluded by * Grams Precipitate 

GC 20 per 0 2 10 50 10 O 10,0 

cent HC1 . ■ . — — * * * 


o •£ 

Volatilised as Tj * 

h a & 

Grams NaCl 

o 160218 

5 162238 

10 183452 

o 1 2 o 3 1 *> 

130316 

I O O 2 I 2 


u a g « 

u *2, | a % | 

n » 5 a a h 

A Mow Precipitation 
180927 071926 
183957 46 

1 2 5 2 6 4 

B Rapid Precipitation 
180220 



071219 040711 


10 


301545 

171936 


A comparison of the figures for slow and rapid precipitation shows 
that the hydrochloric acid volatilized is not much influenced f>y the rate 
of precipitation, though it is usually a little greater when the precipita- 
tion is rapid The results on page 600 show, however, that the total 
chloride present in the precipitate is much increased by the rale at which 
it is thrown down It follows that rapidly formed precipitates must oc- 
clude less free sulphuric acid, and thus a rapid rate of formation reduces 
the volatility loss 

The Correction of Sulphate Determinations . — The following tables 
(XVI -XVIII) contain a series of determinations of sulphur in 
sodium sulphate under stated conditions, giving the proper corrections 
for “solubility,” occlusion, and volatility. From the horizontal lines 
designated “deficit” the original percentage loss may be seen to vary 

Table XVI — Correction of Sulphate Determinations 


Pptn from Na 8 S 0 4 ; V 

** 350 cc 

0 1 cc. 20 

per cent. HCl. 



1 

2 

3 

4 

Mean 

BaSD 4 (calc ) 

2037 3 

2051 0 

2041 6 

20X6 3 

. . . 

BaSG 4 (found) 

2030 9 

2046, 1 

2033 2 

2010 O 

.... 

NaaSO* (found) 

8 7 

7 1 

9 1 

8 3 

8 2 

Na*S0 4 (corr.) 

< 5,1 

5 0 

6 4 

5 * 

5 7 

Sy (corr ) 

1 0 

0 9 

1 0 

x 0 

X 0 

Vy (corr) 

0 3 

0 3 

0 3 

0 3 

03 

Sum of corrs 

7 4 

6.2 

7-7 

7.* 

70 

Deficit 

6 4 

4*9 

8.4 

6.3 

6.5 

* 

Loss 

— I 0 

—x 3 

o >7 

—0.8 

0.3 

Percentage loss 

O.05 

0.07 

0,03 

0.04 

0.04 

Percentage error with average corr. . 

0.03 

0. 10 

0.07 

0.0 

* ♦ * • 


Figures in italics in this and all subsequent tables indude calculated correetioi|it 
corrections not experimentally determined in the case under ccmdderation. 

In 4 the precipitate was boiled for 3 hours edth to flam? BaCl, in 300 
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from 0.25-0.79 per cent., while after correction the error falls to 0-0.13 
per cent. In the great majority of cases it is o. 10 per cent or less. The 
greater errors in all instances occur in determinations where the con- 
ditions were later found to be faulty. 


Table XVII. — Correction of Sulphate Determinations. 


Precipitation from Na 2 S() 4 ; V * 

350 cc. ; 0. 

2 cc. 20 per cent. HC 1 . 


1 

2. 

3 - 

4* 

5 . 

6 . 

BaS 0 4 (calc.) . . 

. . . 2002 2 

2000.0 

2040. 7 

2037.4 

1995*4 

2044 5 

BaS() 4 (found) . 

...•*996 7 

i r ) 92-5 

2035 . 7 

2029.4 

1985-5 

2032.6 

NaaS0 4 (found) . . 

9 2 

9.8 

11 . 9 

11 .6 

II* 3 

IO.5 

Na*S<) 4 (corr.). . 

6.4 

6.9 

8 -3 

8.1 

7 9 

7 3 

Sy. (corr.) 

I O 

T .0 

0.6 

0.7 

j .0 

1 0 

Vy. (corr.) 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

Sum of corrs.... 

8 0 

8.5 

9.5 

9*4 

9*5 

8.9 

Deficit 

5 - 5 . 

7.5 

5 *o 

8.0 

9.9 

n. 9 

Loss 

• -2.5 

— I .0 

4 • 5 

— i 4 

0.4 

3*o 

Percentage loss 

0 i’ 

0.05 

0. 22 

0.07 

0.02 

0.15 


3 and 4 filtered in */ a hour; volatility loss a little ^ioubtful. 
5 and 6 filtered through Gooch crucible. 


Table XV 111 . — Correction of Sulphate Determinations. 


cc. 20 per cent, HC 1 . 

Precipitation from Na^O*. V 
1. 2. 3. 

— 350 cc. 

4. 

5 * 

6. 

0.5 

1 0 

1 0 

1.0 

1.0 

1.0 

BaS0 4 (calc.) . . . . 

. 2020 6 

2052.8 

2020. 1 

2031.9 

1997*5 

2026.3 

BaS 0 4 (found) . . 

... 2013.2 

2044 2 

2008. 1 

2016. I 

1986.9 

2011 . 2 

Na y S 0 4 (found) . . . 

8.0 


6.9 

6.9 

8.2 

8.9 

NajSCL (corr.) . . . 

5 * * 

55 

4 9 

4 9 

5 8 

6-3 

Sy. (corr.) 

1 .0 

1 .6 

3 *o 

6.4 

4*4 

4*3 

Vy. (corr.) 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

Sum of corrs. 

. . 8.8 

9*3 

10. 1 

13*5 

I2.4 

12.8 

Deficit 

7*4 

8.6 

12.0 

15*8 

10.6 

I 5 -I 

Loss 

. . 1.2 

0.7 

1*9 

2.3 

—1.8 

2-3 

Percentage loss. . . 

0.06 

0,03 

0. 10 

0. 12 

0.09 

0. ii 


Table XIX gives corrected' determinations of sulphur in the presence 
of various quantities of sodium chloride — a very common case in prac- 
tice. The errors range from o . 8-1 . 8 per cent, before correction and are 
reduced by correction to from 0.03-0. 14 per cent, with a, mean error of 
only 0.08 per cent. 

The determinations given in Tables XVI, XVII and XVIII are uniform 
enough to make satisfactory corrections by the use of the constants 


l^ijich are the means of the different determinations. Thus, in Table 
tile constants are, for 2 grams precipitate, volatility* Vy.,«» 2.2 
I ^i podusion, pc.. * 4,1, For solubility in this case individual cor- 
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Table XIX —Correction of Sulphate Determinations when Chlorides are 

Present 

Precipitation from Na^SC^ 



02 CC 

20 per cent 

HC 1 


. 1 occ 

20 per cent 

HCl 


Grams NaCl 

u 0 

S 0 

10 0 

30 

50 

80 

10 0 

10 0 

BaS0 4 (calc ) 

2011 5 

2002 8 

2021 - 

2007 4 

1977 0 

2013 7 

2015 3 

1990 9 

Ba$ 0 4 (found) 1991 4 

1986 7 

1997 4 

1090 2 

19 S4 3 

1990 3 

1991 5 

1955 0 

Na 2 S0 4 (found) 17 1 

17 5 

17 8 

11 4 

13 5 

11 2 

10 6 

23 6 

Na s S0 4 (corr ) 

12 0 

12 3 

12 5 

8 0 

9 5 

7 9 

7 4 

16 7 

Sy (corr ) 

I I 

0 7 

2 3 

1 6 

1 6 

* / 6 

1 6 

2 7 

Vy (corr) 

5 3 

5 3 

8 8 

6 0 

JO 0 

II 8 

n 7 

13 7 

Sum of (corr ) 

18 4 

is 3 

23 6 

lb 6 

21 1 

21 3 

22 7 

33 1 

Defiat 

20 1 

16 1 

24 3 

17 2 

22 7 

23 4 

23 8 

35 9 

Loss 

1 7 

— 2 2 

0 7 

1 6 

1 6 

2 1 

1 1 

2 8 

Percentage 







> 


loss 

0 08 

0 11 

0 03 

O 08 

0 08 O.IO 

0 os 

0 14 

rections are 

required because Experiments 

i and 

2 were filtered after 18 


hours, the rest in a short time. In one or two instances, %lso, a little 
fine precipitate was washed fever the top of the paper and was recovered 
in the filtrate, thus increasing the usual correction In Table XVI, the 
average corrections are Vy « o 3 ing., Oc 5 7 mg , Sy. «= 10 mg., 
total = 70 mg. In Table XVII, the corrections are: Vy. =06 mg., 
Sy. « 1 o, Oc =75, total *=-91. Here the average cannot be applied 
quite so well as the individual corrections. InjTable XIX, which includes 
cases where sodium chloride is originally present, Vy. and Oc. are much 
larger and both are quite sensitive to conditions It is wise in such cases 
to apply individual corrections, making a duplicate precipitation under 
identical conditions, on which the volatility is determined. 

B. The Precipitation of Potassium Sulphate by Barium Chloride. 

The same sources of error occur in precipitating barium sulphate from 
potassium as from sodium sulphate. 

Losses Due to “Solubility ” — The loss from solubility is of the same order 
of magnitude and is increased only very slightly by the addition of potas- 
sium chloride to the sulphate solution, in spite of the statements to the 
contrary, already quoted (see p. 592). It is not surprising that many 
who have noted large errors in the determination of sulphur where alkali 
chlorides are present should have suspected that these were due to soli* 
bility. Of course, if this view is correct, the loss will depend, not on the 
quantity of the precipitate, but on other conditions, chiefly the volume 
and composition of the solution. Our results show, on the contrary, 
that the errors depend on the quantity of the precipitate, % e* t they 
percentage errors. 

, A ’wejghed quantity of one of our prostates, wfakb faa4 tepn 
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to redness, was put into a beaker, to which was added 10 g. potassium 
chloride, 350 cc. water, and o 2 cc. 20 per cent, hydrochloric acid. This 
was heated to boiling and kept on the steam bath, with occasional stirring, 
for several hours. Then it was left to stand over night. Next morning 
it was filtered on a small filter, washed free of chlorine and weighed. 




Gtam 


Ci am 

BaS0 4 taken 


O 0683 

Pound in precipitate 

0 0668 

BaS0 4 found 

IS 

O 0694 

* “ filtrate 

0 0026 

BaS0 4 loss 


O.OOII 


0 0694 


Objection might be taken to the use of a heated precipitate here, on the 
ground that there might be an irreversible change in barium sulphate 
on heating, leaving finally another phase of different solubility. A 
microscopic examination made by Dr. F. K Wright, of this laboratory, 
showed that the index of refraction of the substance was little affected 
by heating. It remained about 1 63, the value for natural barite, and 
in no other respect did the substance appear to be changed, except that 
the crystallization became somewhat coarser Still, to leave no doubt 
in the mattei, further experiments were tried on the unheated substance. 

A weighed quantity of pure dry potassium sulphate was dissolved in 
350 cc. water, with gi\cn c|uantities of potassium chloride and hydro- 
chloric acid. The solutions were precipitated boiling hot by o 5 cc. 
more than the calculated quantity of barium chloride, kept hot a few 
hours and allowed to stand over night, after which the procedure was 
similar to that in the experiment just described. 

Tabu: XX — Direct Determination or the Solvent Influence of Potassium 
Chloride on Barium Silphate 


Precipitation of KjSCh 4 * KC 1 + o 2 cc 20 per cent. HC 1 , V «■ 350 cc 


KC 1 

k s »o 4 

BaS 0 4 

calc 

BaS04 found 
lr pvt 

BaR 0 4 found 
in filtrate 

Loss 

Grama 

Gram 

Gram 

Gram 

Gram 

(•ram. 

5 

0.0689 

O 0923 

O.0896 

0.0013 

O OOI4 

IO 

O 0873 

O II69 

O 1128 

O OOI4 

O 0027 


Table XXI.— Losses (in mg ) Dle to Sou bility of BaSCV 
Precipitated from solutions containing sulphates and chlorides (as below) , and 0.2 
cc 20 per cent HC 1 Original volume 350 cc , total volume 650-700 cc. 


From solu- 
tions containing 

Nn 9 S 0 4 f NaCl 
(as below) 


iqso 4 t kci 

(as below) 

(NH^SOi R*H 4 C1, 
(as below) 


0 5 gras, togms 

0 

SSms. 

logins 

0 

5gms iogma 

BaS 0 4 (in mg.). 

O.9 1 1. 1 2.7 

x.o 

2.3 

2.6 

1*4 

1 *4 

In filtrate. , . * 

... 0.7 2.3 

0.8 

2.6 

2 8 

l 2 

, . 

' 

. . 



2.8 

1.2 

. # M 




• • 

*• 3 * 

1 4 a 

- 

t 2* 1.4* 

Mean 

. 0.9 0.9 2.5 

0.9 

2.X 

2.4 

1,2 

X .2 X.4 


1 This value is the mean of those given in Table I, line 1. 

* Jji these d&tmeunations the total quantity of BaS0 4 was less than 0.1 gram; in 
, the tittofc it ewhnted to a.o grams. 
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Thus the barium sulphate recovered from the filtrate is not only of the 
same order of magnitude as it is where no alkaline chloride is present, 
but the total loss is greatly reduced when the mass of the precipitate is 
reduced. The evidence is very clear that potassium chloride has no 
influence on the solubility of barium sulphate within the limits of error 
of this method Table XXI compares the solubility losses occasioned 
by the chlorides of sodium, potassium, and ammonium (which will be 
treated in detail in the next section), with the losses JJound when no chlo- 
rides are originally present. 

Occlusion of Potassium Sulphate — Barium sulphate occludes sodium 
and potassium sulphates m about equal quantity when the con- 
ditions are similar. The correction for potassium sulphate, 59/174 = 
(BaS 0 4 — K 2 S 0 4 )/K 2 S 0 4 , is, however, evidently less The quantity of potas- 
sium sulphate obtained from a precipitate by a single extraction with 
sulphuric acid (see p. 593) is about 80 per cent of the total qtanjity 



Mg 

Mg 


Mg. 

1 st extraction K 2 S 0 4 

— 16 1 

19 I 


3 4 

2 d extraction KjS 0 4 

- 3 3 

4 8 


<3 f 7 


It will be within the limits of experimental error, since the total quan- 
tities are so small, if we make a single^itebraction and add to the quantity 
obtained 25 per cent. more. The corrections in Tables XXIII and XXIV 
are made in this way. 

Loss by Volatilization Precipitates from potassium sulphate lose 
notably more on ignition than precipitates from sodium sulphate. Even 
with very weak acid (o 2 cc. 20 per cent in 350 cc.) and no potassium 
chloride in the original solution, the losses are o 3 per cent, from this 
source alone if the precipitation is slow; with 10 grams potassium chlo- 
ride and the same concentration of acid, the losses reach o 7 per cent., 
and with 10 grams potassium chloride and 1 cc. 20 per cent hydrochloric 
acid, 1 5 per cent. Others have noticed greater losses when potassium 
chloride was present, but have ascribed them to increased solubility. 
The data are tabulated in Table XXII. 

Chlorine . — The chlorine is negligible in ignited precipitates from potas- 
sium sulphate, if the precipitation is slow. 

Correction of Sulphur Determinations . — The corrected results in Table 
XXIII, on the sulphur in potassium sulphate, leaves little to be desired. 
The losses vary f rom — 0.07 per cent, to +0 07 per cent. If potassium 
chloride is present in quantity, the important conditions to be followed 
are a small quantity of free add and close attention to rate of predpita- 
tion. In Tables XXIV, Nos* 3, 5, 6, and 7, the rate was carefully regu- 
lated by attaching to the burette a capillary tip, both in the dettonina- « 
tion itself and in the duplicate precipitations for the determination of 
volatility loss. Although the mm ate large! the final losses 
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from —0.07 to -fo 06 per cent. Nos. 1,2, and 4 were done at an earlier 
stage of the work; they were precipitated more rapidly and without meas- 
uring the rate. The corrections which were made on precipitates slowly 
formed are therefore not applicable to them; the sum of the corrections 
is greater than the deficits, as our study of the composition of barium 
sulphate precipitates shows should be the case 


Table XXII — Effect of KC1 on the boss or St lphuric Acid by Volatilization 
Losses in rug BaS0 4 per 2 grams piecipitate. 


Grams KC1 

cc 20 per cent HC1 


JMg 





O 

0 2 


6 4 





5 

0 2 


13 7 


14 3 



5 

I 0 


23*9 


21.8 



10 

0 2 


18 1 


17 6 



10 

1 O 


30 7 





Table XXIII —Correction 

of Silphate Determination 



Precipitation from K s S 0 4l V ~ 3^0 cc 

, 0 2 cc 20 per cent HCJ 



BaSC> 4 (calc ) 

2002 

8 200.2 7 

201 } O 

2006 

7 


BaS0 4 (found) 

199 ^ 

S 2009 3 

2002 6 

1905 

2 


K a S0 4 (found) 

10 

1 

11 4 





(corr ) 

4 

/ 

4 7 

4 4 

4 

4 


Sy (corr) 

1 

0 

0 8 

1 0 

1 

0 


Vy (corr) 

6 

4 

6 4 

6 4 

6 

4 


Sum of corrs 

11 

5 

11 9 

II 8 

11 

8 


Deficit 

10 

0 

13 4 

10 4 

11 

2 


Loss 

— I 

5 

1 S 

—I 4 

— 0 6 


Percentage loss 

0 

08 

0 07 

0.07 

0 03 


Table XXIV. — Correction of Sulphate Determinations 



Precipitation from K J S 0 4 4 KC 1 ; 

V * 350 cc , 0 2 cc 20 per cent HC 1 . 



5 grains KC1 



10 grains KC 1 



No 

1 a 

3 

4 

$ 

6 

7 


B&SO4 (calc ) 

20x6 4 2017 2 

2 000 3 

2019 2 

1963 3 

IQ98 5 2000 

2 

BaSO« (found) 

2000 0 1997 7 

iQ 7 8 9 

2000 3 

1937 5 

1969 4 1972 

7 

K«SC>4 (found) 

14 6 16 i 

u 1 

IO 2 

15 7 

19 I 

14 

2 

1 (corr) 

60 6 6 

4 5 

4.2 

6 4 

7 8 

5 8 

Sy (corr.) 

23 26 

2 1 

2 8 

2 6 

2 8 

2 

4 

Vy. (corr ) 

14 3 *4 3 

14 3 

18 I 

18 1 

18 1 

18 

X 

Sum of corn . 

aa.6 23 5 

20 9 

25 I 

27 1 

28 7 

26 

3 

Deficit ♦ 

16.4 19 5 

21.4 

18 9 

2 5 8 

29 1 

27 

5 

Loss ... • 

— 6. a — 4 0 

O 5 

—6 2 

—I 3 

0 4 

1 

2 

Percentage loss 

— 0 31 — 0 20 

— 0 02 

— 0 31 

— 0 07 

O 02 

0 06 


C. Precipitation of Ammonium Sulphate by Barium Chloride. 

So lar as the composition of a precipitate from ammonium sulphate 
c oncerted , it does not differ essentially from precipitate's previously 
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considered, t e. t it contains ammonium sulphate, “free** sulphuric add, 
and chlorine in quantities which increase with the rate of predpitation. 
This case difTeis fiom all others, however, in one respect — that the am- 
monium sulphate in it is almost entirely volatile at a red heat, therefore 
the loss from occlusion is much greater than it is in other cases. 

The ammonium sulphate used in all the experiments described was 
entirely volatile at a red heat. It was dried to a constant weight at 

130 0 . 1 

Losses Due to Solubility . — The influence of ammonitim chloride on the 
solubility of barium sulphate has been treated exactly like the influence 
of potassium chloride, and it is shown in Table XXV that when small 
quantities of^ sulphur are determined in solutions containing ammonium 
chloride the total losses are almost negligible; hence the great losses when 
the quantities of sulphur are large could not be due to solubility 


Tabu; XXV — Direct Determination or the Solvent Influence of Ammonium 
Chiokidf on Barium Sulphate 


Precipitation of rNH 4 )^S 0 4 + NH 4 CI +02 cc 20 per cent HC 1 , V 350 cc 

BaSO* BaS 0 4 

NH4U <NH4)tS0 4 Ba^Oictlc found in ppt found in (titrate * 

Grains Cram Or tin Gram Gram Lous 


5 o 0147 

IO o 0281 


O O 2 <S 0 O 0253 O 0012 

o 0495 o 0471 o 0024 


— o 0006 
o 


Ammonium Sulphate Occluded by Barium Sulphate — This was deter- 
mined on 2 giam precipitates as follows: 

The precipitate dried at 105° was dissolved in about 15 cc. concentra- 
ted sulphuuc acid with gentle warming, cooled and poured into about 
250 cc. cold water and filtered. T}ie filtrate was then distilled with a 
slight excess of pure soda, and the distillate collected in excess (xo cc! 
20 per cent.) of dilute hydrochloric acid. The latter was evaporated al- 
most to dryness on the steam bath, then further with addition of platinum 
chloride. The ammonium chloroplatinate was separated with alcohol 
and dried at 130° in the usual way. The ammonium was calculated by 
the use of the empirical factor o 081. 1 Not improbably one extraction 
with sulphuric acid may fail to remove the total quantity of ammonium 
sulphate, but, judging from experience with sodium and potassium sul- 
phates, the amount left in the precipitate cannot be large, and since the 
exact quantity is not needed for correction purposes, this point was not 
settled. 

An inspection of the data in Table XXVI shows that the losses from 
occlusion (?aSO, equiv.) are equal to about 1 a per cent, of the total 
sulphur under the above conditions. The quantity of ammonium sul- 
phate occluded by the precipitate varies little with the rate of predpita- 
Lunge and Stierhn, Lgc. at. 

* See Treadwell, “Quantitative AtwJysie" CtranaSated by HalD. t>, sa. 
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Table XXVI .-Occlusion of Ammonium Sulphate (in mg.) by Barium Sulphate. 
Precipitation from 1.14 grams (NH 4 ) a S 0 4 + NH 4 C 1 -f 0.2 cc. 20 per cent. HC 1 ; 

V « 350 cc. 

Time of ptecipitalion 

5 g NH«C 1 . log NH4CI. 10 g mi 4 ci.~~' 

. » 4 mm 



6 mm 

9 see 

6 nun 

9 sec. 



(NH4) JPtCl # obtained . . 

48.8 

45.9 

51.6 

50.4 

5 o 

4 5 

Blank for reagents . . 

2.2 

2.2 

2.2 

2 2 

2 2 

2.2 


46.6 

43-7 

49 4 

48.2 

2.8 

2 3 

(NH 4 ),S0 4 equiv. 

■ 13.8 


14.7 

14-3 

0.8 

0 7 

BaS0 4 equiv . . . 

24.4 

23 1 

25 9 

25-2 




tion; it is slightly less when the rate is rapid, just as it is with sodium and 
potassium salts. After the precipitates have been ignited, as the table 
shows, they contain only a trace of ammonium sulphate. It may be noted 
in passing that we have here a simple method for preparing pure barium 
sulphate . 1 

Los v by V olahkzaUon . — We have seen in the preceding paragraph 
that all but a trace of the occluded ammonium sulphate is lost by heat- 
ing, and, since this should have been converted into barium sulphate, 
the loss is comparatively large. The total loss by volatilization is still 
greater, because these precipitates, in complete analogy with others 
which we have considered, contain also “free” sulphuric acid. Table 
XXVII gives the losses due to volatilization. The column headed “free 

Table XXVII — Losses by Volatilization (in mg ) from 2 Grams Precipitate 

PrecipitaUon from (NII 4 ),S 0 4 ■+* NH 4 C 1 and o 2 cc 20 per cent HC 1 ; V ® 350 cc. 

0 gram NH 4 C 1 5 giams NH4CI 10 grams NH 4 CI 


Due to 

Due to "free * 

Due to Due to' free’' 


Due to 

f ‘Duc to free ’ 


(NtttWOi 

H*b 0 4 Total 

(NH 4 ) 2 S 0 4 

H1SO4 

Total 

(Nfi 4 ),S 0 4 

h 2 so 4 

Total 

. 

II 2 

24.4 

3-9 

28 3 

25 9 

II . 3 

37.2 


II. X 

24.4 

5.5 

29.9 

25.9 

9.6 

35.5 


sulphuric acid” is obtained by difference. The determination of the 
total volatility gave a good deal of trouble. Very low results were ob 
tamed with the tubulated crucible. This may have been due to the re- 
tention of some of the sulphate by the sodium tungstate used to seal the 
joint. The platinum combustion tube and boat gave, when sufficient 
heat was applied, nearly correct results. As previously stated, two 
bulbs should be used for complete absorption. 

Correction of Sulphate Determinations . — The following determinations 
in Table XXVIII will serve to show the magnitude of the losses, when 
sulphur is determined in ammonium sulphate, with or without ammonium 
chloride. It hardly need be said that these errors, reaching 2 per cent 
at ttie maximum, would be very considerably increased in the presence 

, * ^ 1 These two precipitates were ignited before testing for ammonium. . 
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Table XXVII l — Correction 01 Sulphate Determination^ 


Precipitation from 

(NII 4 ) S(> 4 + 

NH,C1 


\ = 

CC 

0 2 cc 20 per 

cent HC1 


0 gram Nfi,Cl 


5 giamt. NH 4 C 1 

10 grams 

NH4CI 


BaS0 4 (calc ) 

2014 

2 

2015 


2 01 S 

2 

2018 4 

2013 

8 

BaS0 4 (found) 

2000 

6 

2000 

6 

1984 

2 

1970 

1972 

1 

Corr for Vy 

11 

2 

11 

2 

28 

* 

37 > 

37 

2 

Corr for Sy 

I 

} 

1 

4 

I 

4 

* 4 

1 

4 

Sum of enors 

11 

6 

12 

6 

29 

7 

6 

38 

6 

Deficit 

n 

6 

H 

8 

31 

0 

W 2 

4i 

7 

Loss 

1 

O 

2 

2 

I 

3 

0 6 

3 

1 

Percentage loss 

0 

05 

0 

11 

0 

07 

0 03 

0 

15 


of more free acid These data also make it evident why ammonium sajfcs 
should be avoided, if possible, m solutions where sulphur is to be ddir- 
mined Nevertheless, although the errois are large, it will be notjed 
in the table that the sum of I he corrections very nearl> mike up he 
deficits found in actual determinations It is there! ore possible toget 
very good results in the presence of ammonium salts by applying’ he 
proper corrections. 

D. Precipitation of Magnesium Sulphate by Barium Chloride, i 

Hulett and Duschak 1 found that magnesium sulphate gave, %th 
barium platinocyanide, piecipitates which agreed m weight with te 
calculated quantitv Their explanation was that the impurities in 
cipitates formed from sulphuric acid and barium chloride were due 1 
the formation of complex salts by the union of in tei mediate ions; e g 
Ba — Cl\ HS0 4 v 

2 Bad' + SO/ « >SO t and aHSO/ + Ba* - >Ba. To u. 

Ba— CV HSO/ 

it seemed not improbable that the purity of the precipitates from mag 
nesium sulphate might be due to the fact that barium sulphate has no> 
the power to occlude magnesium sulphate while it can occlude the sul| 
phates of the alkalies. If this view is correct, any salt of barium would 

do as well as the platinocyanide The sequel shows that barium chloride, 

at least, gives similar results 

A standard solution of magnesium sulphate was prepared in the fol- 
lowing manner . A solution of sulphuric acid of about the right strength 
was titrated against pure anhydrous sodium carbonate (heated to 300°). 
This was then neutralized by pure magnesium oxide and diluted to a 
definite weight Details follow: 

58 470 grams H a S0 4 soln required 1 0495 grams Na a C0 8 

35 946 grams HjS 0 4 soln. required 1 0042 grams Na a CO a 

The titration was made at boiling temperature usang phenol phthalejto a# indicator. 
"Making corrections for buoyancy of the air, 

* Loc, eft. v 
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i gram sol. 0.016589 gram H 2 S0 4 or 0.039488 BaS0 4 . 

1 gram sol. «* 0.016591 gram HjjS0 4 or 0.039500 BaS0 4 . 

500.05 grams of this solution were now transferred to a platinum basin and evapo- 
rated with magnesium oxide (which had been especially freed from lime, sulphuric 
acid and water) unti 1 litmus paper showed that the solution was neutral. The un- 
dissolved excess of magnesium oxide was filtered off and thoroughly washed. It 
retained after washing 0.0173 gTam SO a . BaS0 4 found «= 0.0503. The solution with 
washings was cooled and again diluted in a tared flask to a given weight, viz. 500.17 
grams. After making corrections for buoyancy and subtracting the sulphur found 
with the undissolved magnesia, r gram solution — o 039384 gram RaS0 4 . 

The results in Table XXIX are all obtained by the slow precipitation 
of weighed quantities of this standard solution under the same condi- 
tions as are found described on page 590. These data reveal the fact 
that very little magnesium sulphate is found in the precipitate, and show 
that the errors are much smaller than they are with the alkali sulphates. 
The volatility loss was a mere trace, immeasurable in three instances; 
in one case 0.3 mg. barium sulphate was found. In accord with this 
the chlorine is a little higher, though always less than 1 mg. As seen 
from the table, the original errors range from 0.01 to 0.21 per cent, in 
seven instances, while one result is 0.27 per cent. low. 

Tabus XXIX. — Corrected Results for MgS 0 4 . 

o 2 cc. a cc. 


20 per cent HC 1 . 1 cc 20 per cent HC 1 . 20 per cent. HC 1 . 

* — . , — > < — Aver- 

GraniB MgS 0 4 soln. 51265 50 697 5 ° 99 » 5 * *99 5 ° a8 3 5°-30i 5* 384 49.882 age. 

BaSQ 4 calc 2019.8 1996.6 2001.2 2015. 1 1980.3 1980.1 2022.3 1964 6 

BaSO* found. . . 2019.6 1998.0 1995 7 2013.6 L978.8 1980.8 2018.0 1962 4 . . 

Deficit 0.2 — 1.4 5.5 1.5 1.5 — o 7 4.3 2.2 2.1 

MgS0 4 in ppt. .. 2.9 3.1 2.0 17 3.4 1.3 

Cl in ppt 0.9 0.8 .. 0.9 0.8 .. 0.6 

Vy. (corr.) .... o o o o o o o o... 


MgS0 4 corr. ... 2.7 2.9 1.9 1.6 3.2' 2.3 12 2.3.. 

BaCl, calc 3.6 2.3 2.3 2.6 2.3 2.3 1.8 2.3.. 

Sy. (corr.) 1.2 1.2 1.2 1.2 1.2 1.2 2.0 2.0.. 


boss — 1.1 — 3.2 4.7 1.3 — 0.6 — 1.9 2.9 0.2 2.0 


The results have been corrected for solubility, which was determined 
with two concentrations of acid, for magnesium sulphate and for chlo- 
rine. As shown on pages 602-3, it makes no difference whether we assume 
that magnesium chloride + magnesium sulphate are present, or that all the 
magnesium is in the form of sulphate and the chlorine in the form of 
barium chloride. The corrected results are only a trifle better than the 
unporrected. 

"The Effect of Nitrates on the Precipitation of Barium Sulphate. 

Accdrding to statements found in the literature, 1 nitrates* must 
^ Treadwell, “Quantitative Analysis" (translated by Hall) , p. 281 ; Folin. J, Biochem 

h 4 s (*90©. * 
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removed from solutions in which sulphur is to be determined, otherwise 
the results are too high Our work confirms these assertions We have 
tried only the nitrate of sodium, but the same is probably true of potas- 
sium nitrate. Table XXX shows that when as little as r g of nitrate 

Table XXX- -Kiiect of Nitrates on Sulphate Determinations 
Results for Na/JO* + NaNO a Amount of 20 per cent HC 1 o 2 cc 


Grams NaNOa 



1 

2 

5 

10 

BaSO, calc 

2027 5 

1968 8 

2030 3 

2057 5 

BciSO, found 

2036 7 

1982 1 

2046 3 

2072 2 

Na^SO, found 

14 6 

16 5 


30 1 

by (corr) 




1 6 

Surplus (uncorr ) 

9 2 

n 3 

16 0 

14 7 


is contained in 350 cc. solution, the results are nearly o 5 per cedt. 
too high Five grams nitrate caused an error of o 8 per cent and 10 
grams nitrate had practically the same effect The cause of the* error is 
not far to seek The table shows that the precipitates contain ail un- 
usual amount of sodium. One of them when boiled with water, gave 
up free alkali very slowly Kvidently, the precipitate occludes the nitrate, 
which forms caustic soda or ignition On account of the hygroscopic 
nature of the impurity, the readiness with which it attacks platinum, 
and, moreover, the readiness with which it is avoided, it was not thought 
worth while to study this subject any further It has been suggested that 
the low results obtained in the determination of sulphur might be com- 
pensated by the addition of the correct amount of nitrate to the solution 
before it is precipitated. A fair degree of approximation might perhaps 
be reached in this way. 

Nature of the Precipitate. 

We have seen that barium sulphate precipitates even when 
thrown down from solutions of rather simple composition are, 
nevertheless, themselves pretty complex. The form in which the 
impurities are held in the precipitate is a question worthy of 
interest. The facts indicate that not all of them sustain the same rela- 
tion to it. The barium chloride, for example, is present in very small 
quantity (about o 15 per cent.) in slowly formed precipitates, reaching 
several times that quantity in those which are rapidly formed. Now, 
as rate of formation is a condition which especially governs the fineness 
of the precipitate, and the finest precipitates contain the greatest amount 
of this impurity, it is natural to conclude that we have here a case of 
adsorption. Hulett and Duschak made similar observations in the pre- 
cipitation of barium chloride by sulphuric acid. Rapidly formed, fine- 
grained precipitates contained the most barium chloride; one in particu- 
lar, which was formed > very slowly indeed, contained only 0.03 per <$nt 
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of chlorine (about 0.08 per cent, barium chloride). If the substance 
were held in a purely mechanical way, one would expect all the impuri- 
ties to be increased, diminished or removed by the same conditions. 
This, as we have seen, is not the case. It is equally difficult to see how 
the alkali sulphate in the precipitate can be retained mechanically. Not 
only are the different impurities differently affected by the same condi- 
tions, but the absorption is a markedly selective phenomenon. No 
alkali chloride seems to be taken up, nor are all the sulphates. The sul- 
phates of sodium, potassium, ammonium, ferric iron, and probably 
aluminium, 1 are absorbed, while magnesium sulphate (see p. 613) is 
scarcely absorbed at all. The selective nature of the absorption indi- 
cates a solid solution The fact that barium sulphate has an affinity for 
other sulphates is in accord with this What we may call the secondary 
conditions seem to change comparatively little the quantity of the sul- 
phate which is taken up. After a precipitate has been ignited the greater 
part of the soluble sulphate may be extracted by water (Table XII). 

It is not unusual to find that the solubility of one salt in another de- 
creases markedly with rise in temperature, but one would expect the sys- 
tem to return to its former state on cooling. The rapidity of the cool- 
ing, however, might pi event this. On the other hand, the mechanical 
conception would explain this fact as well. The ignition might be sup- 
posed to disrupt compact grains of the precipitate, thus exposing the 
soluble impurities to the action of the solvent. 

The “free” sulphuric acid in the precipitate may be supposed to have 
been dissolved in the form of acid sulphate of the alkali metal. The 
quantity decreases much with rapid precipitation, which may mean 
that the fine-grained material is changed more readily by the barium 
chloride, on standing in the supernatant liquid. We know that the 
sodium sulphate changes somewhat also, but to a less extent. 

At present there seems to be little prospect of adding to our knowledge 
of such fine-grained substances by microscopic investigation, so that we 
are not even certain of the homogeneity of the precipitates, and we are 
free to confess, in conclusion, that the facts we have accumulated are 
insufficient to decide the question of their true nature.* 

Summary. 

t. The errors in the determination of sulphur in soluble sulphates 
have been investigated for those cases which most frequently occur in 
experitnental work. Solutions of sodium, potassium, ammonium and 
magnesium sulphates have been studied, both in a state of purity and in 
the presence of varying quantities of hydrochloric acid and alkali chlorides, 
to a few systems the influence of sodium nitrate has also been "studied. 

1 Schneider, Z. physik. Chem., io, 425 (1895); Creighton, Z. anorg . Chem , 63, 53 
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2* The most important sources of error are three in number, one aris- 
ing from the solubility of the precipitate and the others from its compo- 
sition. Two minor sources may also be mentioned. 

a. The error from solubility depends chiefly on the quantity of free 
add present. Contrary to the common belief, we find that the chlorides 
of sodium, potassium, and ammonium exercise a hardly appreciable 
influence on it. Under easily regulated conditions (0.2 cc. 20 per cent. 
HC 1 in 350 cc. original solution) it amounts to 1-2 mg. only. It is self- 
evident that this error (almost negligible tor precipitates of 1 g. or more) 
becomes increasingly important, the smaller the precipitate. 

b . All barium sulphate precipitates carry down with them quantities 
of the alkaline, sulphates, varying with many conditions. In the case of 

-pure acidulated sulphates, this quantity is not far from o 5 per cent. It 
is especially affected by alkali chlorides, and may be more than doubled 
in this way. The correction depends of course on the atomic weight of 
the alkali metal. About o 75 per cent, is the maximum quantity of 
ammonium sulphate absorbed by precipitates under conditions which 
have been investigated by us; the correction for it is, however, compara- 
tively large (1.25 per cent.), because ammonium sulphate is entirely 
volatilized when the precipitate is ignited. Magnesium sulphate is 
scarcely absorbed at all by barium sulphate. The peculiar selective 
adsorption which barium sulphate exhibits, suggests the formation of 
solid solutions. The evidence on the subject is, however, too meager 
for a proof. 

c. Barium sulphate, when precipitated from alkali sulphates, always 
occludes a certain amount of ‘‘free” sulphuric acid, which is probably 
taken up as acid sulphate of the alkali metal. It arises, of course, from 
the free acid added to the original solution and increases with it up to a 
certain point. Alkali chlorides decidedly increase the amount of it, 
and in the presence of much of the latter, it becomes the chief source of 
error. Aside from one or two qualitative observations, this loss seems 
to have been thus far entirely overlooked. It is greater for potassium 
than for sodium sulphate solutions. In one case a solution of the former 
containing 10 grams KC 1 and 5 cc. 20 per cent. HC 1 in 350 cc. lost 1 . 7 
per cent, in this way. 

d. All barium sulphate precipitates contain barium chloride. If the 
precipitation is made slowly (3-6 min. for 2 grams BaS 0 4 ), the amount 
of this is only abqut 0.15 per cent, in the unignited precipitate, and 
since all but a trace of it is eliminated as hydrochloric acid during igni- 
tion, it is not a source of error. When a precipitate is very rapidly formed 
the amount of the barium chloride is multiplied several times and the 

ichlorine is no longer entirely eliminated on ignition. The more rapid 
"f tte predpitation, the finer the precipitate, and since the barium. chloride 
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retained increases with the fineness, we regard it as probably held by 
adsorption. The other impurities are diminished by rapid precipitation. 

e. Sodium nitrate, and probably other nitrates also, are occluded by 
barium sulphate, giving results which are therefore too high. 

3. An exact determination of sulphur, so far as we know, can only be 
done by correcting for the above-named errors. Nitrates are to be 
avoided, also chlorides and ammonium salts as far as possible. Correc- 
tions for occlusion and solubility can be made directly, but for volatility, 
unless one has a specially constructed platinum apparatus, a duplicate 
precipitation must be made under identical conditions. 

We recommend the following conditions: Acidulate (he solution 
(V ~ 350 cc.) with 2 cc. 2 per cent, hydrochloric acid and heat to boil- 
ing. Precipitate slowly (about 4 min. for 2 grams precipitate) with con- 
stant stirring. The r^e may be regulated by a burette with a capillary 
tip attached. Let the precipitate stand 18 hours before filtering; the 
losses from occlusion and volatility are both considerably higher when 
the filtration is done immediately. Filter on paper and wash till 23 cc. 
of the washings show a barely perceptible opalescence with silver nitrate. 
Burn very slowly and carefully and heat over the burner to a constant 
weight. To this result should be applied the corrections for the errors 
just discussed. If the solution contains only alkali sulphate and known 
quantities of alkali chloride and hydrochloric acid, and if the directions 
above are carefully followed, the correction constants determined by us 
may be applied. A more accurate result might perhaps be reached by 
the application of corrections experimentally determined for the case in 
hand. Detailed methods for these are given in the body of the paper. 
In unknown mixtures of alkali chlorides the corrections must, of course, 
be actually determined. To correct for the occlusion in such cases it would 
only be necessary to take the weight of the mixed alkali sulphates extracted 
from the precipitate, to convert them into barium sulphate and weigh; 
the difference between the weights of the barium sulphate and the mix- 
ture is the correction. A carefully corrected determination of sulphur 
for the cases given should be accurate to o 1 or 0.2 per cent, of the total 
sulphur. A very good uncorrected determination may be obtained by 
precipitating rapidly , but it is due to partial compensation of variable 
errors, and is not in any case so reliable as one which is made by slow 
precipitation and corrected as described. 

The authors wish to express their thanks to Dr. W. F. Hillebrand for 
reading the manuscript of this paper, and for suggesting a number of 
emendations. 

Geophysical Laboratory , Carnegie Institution of Washington, v 

Washington, D. C. 
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ON THE FORMATION OF DOUBLE SALTS. 

By H. W. Foote. 

Received February 22, igro. 

The object of this investigation was to determine the influence of various 
organic solvents on the formation of, certain double salts which yield 
hydrates when crystallized from water. The facts regarding simple 
salts are much better known than those regarding double salts. Thus, 
Menschutkin, 1 among many others, has shown that an organic solvent 
may replace the water of crystallization in many cases, so that a salt 
crystallizing at a given temperature with a certain number of molecules 
of water will crystallize from an organic solvent with the same number — 
sometimes with a smaller number — of molecules of that solvent. Again, 
the water of crystallization of a simple salt can ordinarily be removed 
by suitable means, leaving the stable anhydrous salt, and the water Of 
crystallization is in general not necessary in ord^r that the salt itself 
should be formed. Whether the water, or more generally the Solvent, 
of crystallization is necessary in order that a double salt shall form and 
whether the solvent affects the type of salt formed, has been but little 
investigated. Almost the only work on the formation of double salts 
from non-aqueous solutions has been done recently by Cainbi, 2 but it is 
somewhat difficult to draw conclusions from his work which apply to the 
present problem, as it is not certain in the cases investigated by him 
that all the double salts capable of forming at a given temperature from 
any one solvent are known. 

For the present investigation, the double salts of mercuric chloride 
with sodium and potassium chlorides were chosen. The double salts 
which these chlorides form from water at 25 ° have already been deter- 
mined.® These salts, all containing water of crystallization, have the 
following composition: 

NaCl.HgCVH t O 

2KCl.H£Cl a .H a O 

KCl.HgCl a .H ,0 

KC 1 . 2 HgClj. 2 H 2 0 

Mercuric chloride is much more soluble in some organic solvents than 
it is in water, and the alkali chlorides have an appreciable solubility in 
these solvents when mercuric, chloride is present. Absolute alcohol 
was used as solvent for sodium and mercuric chlorides and both absolute 
alcohol and acetone were used when potassium chloride was present. 
The alcohol was purified by treating with sodium and distilling. The 
acetone was dried over anhydrous copper sulphate and distilled. 

The same solubility method has been used for determining double 
salts that was previously used in determining the double mercuric chlo- 

1 Z> anarg. Ckm 52, 9, 152; 53, 26; 54, 89. 

#< * Atti. accad. Lmcei> [5] x6, 1 , 403; Gass . cftim.ital., 39, 1 , 361. 

* Foote and levy, Am, Ckm* a$» 236 (1906), . 5 
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rides formed from water. By this method, all salts forming from a sol- 
vent at a given temperature can be definitely determined. Varying 
proportions of the salts and solvent were mixed together in small bot- 
tles with ground glass stoppers. The salts were weighed and the volume 
of liquid measured to serve as guides in making other mixtures. The 
salts very often formed in lumps when first brought into contact with the 
liquid, due to the formation of double salts. When the lumps could 
not be broken by shaking they were crushed with a glass rod. The stopper 
and neck of the bottles were dipped in melted paraffin to make them 
perfectly water-tight and were then shaken in a thermostat, usually for 
48 hours. A sample of the solution was then drawn through a filter 
of glass wool into a weighed specimen tube and analyzed. The residue 
was removed and dried on filter paper. Both solvents are very volatile 
and there was some evaporation as the salts were dried between filter 
papers. This tended to contaminate the residues with salts from the 
solution, so that the composition of the residues could not be determined 
with the same accuracy as the solutions. 

Both solutions and residues were analyzed by precipitating mercury 
as sulphide from hydrochloric acid solution, filtering on a Gooch crucible, 
and drying at 110-120°. The filtrate was evaporated to dryness and 
the alkali determined as chloride. Alcohol or acetone crystallizing 
with the double salts was determined by difference except when other- 
wise stated. In the mixtures containing sodium and mercuric chlorides, 
the residues were not analyzed but their composition was calculated. 
This could be done with sufficient accuracy, since the composition of the 
solution and of the original mixture wrere known. 

The following results were obtained: 

/ 

Table 1 . — Solubility op Sodium and Mercuric Chlorides in Absolute Alcohol 

at 25°. 



No 

Per cent NaCl Per cent. HgCl s Per cent. HgClf Residue 

m solution. in solution. in residue contains 


r 

3.05 

47.25 


98.17 1 




2 

2.90 

47.11 


70.11 


NaCl and HgCl* 


3 

3*09 

46.19 


12. 16 J 



Table 

II. — Solubility of 

Potassium 

and Mercuric 

Chlorides in Absolute 




Alcohol at 25 0 . 



No. 

Per cent. 
KC1 m 
solution. 

Per cent 
HgCl.in 
solution. 

Per cent. 

KC1 in 
residue. 

Per cent. 
HgCl* in 
residue, 

Per cent. 

alcohol in Residue 

residue. contains 

1 

0.21 

33-69 


95 - 6 o 


A 

! HgCl a and 

2 

0.28 

33-8o 


82.03 

... 

A 

! 5KC1.6HgCl t .2C J H,0 

3 

4 

0.22 

0.28 

24.84 

6.21 

17-63 

18.27 

78.00 

77.29 

4-37 \ 
4-44 -j 

| 5 KC1.6HgCl,. 2 CjH a 0 

S 

0.25 

1.65 


73‘24 

. . . 

. 

j 5KC1.6HgCl f .2C 2 H e o" 

6 

P.I 7 

1-57 


66.21 

. . . 

. 

}- and 
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Table III. — Solubility of Potassium and Mercuric Chlorides in Acetone at 



Per cent. 
KC 1 in 

Per cent. 
HgCl.in 
solution 

Per cent. 
KC 1 in 

25 °. 

Per cent 
HgCl 2 in 
residue. 

Per cent, 
icetone in 

Residue 

No. 

solution 

residue. 

residue. 

contains 

I 

I.29 

61.87 


96.37 

• • -t 

HgClj and 

2 

1.25 

61.88 


94.29 

. . j KC1.5HgCl 3 .C 8 H e O 

3 

1*39 

60.68 

4*74 

89.85 

5 . 4 i ' 


4 

2.33 

56.59 

5.01 

90.28 

4 * 7 i 

- KC 1 5 HgCl s .C,H ,0 

5 

2.58 

55*85 

5*51 

8975 

4*74 

Calculated for KC 1 . 5HgCl 3 .C s H ft O 5 . 02 

91 .08 

3 9 ° . 


6 

2.77 

54 .48 


87.44 


Ka. 5 HgCl J .C,H (1 0 

7 

2.79 

54-35 


83.87 

1 

and 

| 5 KC 1 . 6 HgCl a . 2 C,H 1 

8 

2.93 

48- 13 

15.91 

80. 16 

3*93 

$ 

9 

2.82 

38-94 

15.90 

79*50 

4.60 

<* 

10 

2.51 

l8 04 

17.25 

78.00 

4*75 1 

- 5 KC 1 . 6 HgCl, 2 C,H ( 

11 

3*34 

13.26 

19.40 

76-34 

4.26 

Calculated for 5KC1.6HgCl 2 . 
2 C 8 H «0 

12 2. 01 10.93 

19.64 

' 76.87 

67.04 

1 

5 47 j 

j 

1 

I 5KCL6HgCl,.2C a H, 

13 

2*99 

11*37 

.... 

28.68 


1 and KC1 

14 

2.87 

10 66 


9 - *4 




In the tables just given, a series of two or more results showing con- 
stant solubility and varying residue indicates a mixture of two salts, 
while variable solubility and constant composition of the residue show 
the presence of a pure double salt. Referring to Table I, it will be seen, 
that the solubility of the mixtures remains practically constant, showing 
that the same solid phases are present in every case. The residues vary 
in composition from nearly pure mercuric chloride to sodium chloride 
containing only twelve per cent, of mercuric chloride, so that no double 
salt can be present and the residues consist of varying proportions of the 
single salts. This conclusion will perhaps be clearer if the results are 
considered in another way. If a double salt were present, the residue 
in No. i would consist of a mixture of the double salt and mercuric chlo- 
ride, and No. 3 would consist of the double salt and sodium chloride. As 
different solids are present in the two cases, the solubilities would be 
different. The fact that this is not the case shows that the same solids 
are present. Th6se can only be the single salts, as the composition of 
the residue varies between such extreme limits. 

Sodium and mercuric chlorides therefore do not form any double salt 
at 25 0 from absolute alcohol. From water, the salt NaQ.HgCl3.2H3O 
forms. The conclusion appears justified that the water of crystallisa- 
tion is essential to the formation of the double salt, and if 
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removed from the double salt it is to be expected that the residue at 25 0 
would consist of an uncombined mixture of the single salts. 

The results in Table II show that one double salt of potassium and 
mercuric chlorides forms from absolute alcohol at 25 °. This salt forms 
under wide conditions. It was present in pure condition in Nos. 3 and 
4 of the table, where the solubility varies. Nos. 1 and 2 consist of a 
mixture of the double salt and mercuric chloride and Nos. 5-7 of a mix- 
ture of the double salts and potassium chloride. The double salt ap- 
pears to be of an unusual type. A sample was prepared by dissolving 
mercuric and potassium chlorides in hot alcohol in such proportions 
that only three or four grams crystallized from about 300 grams of alco- 
hol containing but a small percentage of mercuric chloride. The hot 
solution was placed in the thermostat at 25 0 and deposited a mass of 
silky needles of the double salt. They appeared pure under the micro- 
scope. The solution, after standing in contact with the double salt, 
contained 6 8 per cent, of mercuric chloride, also showing that the pure 
double salt was present. The salt was remo\ed from the mother liquor, 
dried very rapidly between filter paper, and analyzed. Alcohol was de- 
termined directly by Penfield’s method for water. The results, with those 
previously obtained (Nos. 3 and 4, Table II), are given in Table IV, also 
the calculated composition of two assumed double salts. 

Table IV -Results of the Analyses of the Double Salt Forming from Al- 
cohol. 


No. 

KCl. 

HrCI* 

Alcohol. 

3 

17-63 

78.OO 

4-37 (M.) 

4 

18.27 

77.29 

4.44 (Diff.) 

(Crystallization) 

17.07 

77.82 

4.76 - 99-' 

Calculated for 5KC1.6HgCl*.2C a H 0 O 

17.84 

77.76 

4.40 

Calculated for 3KC1.3HgCl a .iC 2 H # 0 

20 67 

75.08 

4 25 


The three analyses agree among themselves as closely as could be ex- 
pected, considering that they were all formed under different conditions. 
The results agree with the formula 5KC1.6lIgCl 2 .2C 2 H 0 O, which is a new 
type of salt so far as known. The results are so different from the calcu- 
lated composition of the simpler 3:3:1 salt that it appears necessary 
to accept the more complicated formula. 

The results, using acetone as solvent, are in Table III. A pure double 
salt was present in Nos. 3-5 and another in Nos. 8-n. The first corre- 
sponds fairly well with the 1:5:1, the calculated composition of which 
is given in the table. The results showing the composition of the second 
salt (Nos. 8-1 1) vary considerably, as would be expected from the wide 
variation in the composition of the solutions from which the salt formed. 
Acetone is much more volatile than alcohol and evaporates so fast that 
the residues were, considerably contaminated with salts from the solution. 
JJp. ii should be the purest sample, as it formed from a solution contain- 
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ing the smallest amount of dissolved salts. It agrees fairly well with the 
calculated composition of the 5 : 6 : 2 salt, which forms also from alco- 
hol. The salt can be recrystallized. Mercuric chloride and potassium 
chloride were therefore dissolved in hot acetone in the proportion in 
which they art* present in the 5:6:2 salt and the solution was allowed 
to crystallize at 25 °. The analytical results were: 

Calculated for 

Found. 5KCI 6 HrC1 2 .2C 8 H«0. 


HgCl, 77.52 76.87 

KC1 17.46 17-64 

C»H a O 5-02 (Diff.) 5-47 


Acetone is lost rapidly by both salts in the air, so this constituent 
varies considerably from the calculated values in most of the analyses. 

The salts with potassium chloride obtained from the three solvents 
are summarized in the following table: 

From water. From alcohol. From acetonoff 

KCl. 5 HgCl,.C,H # 0 * 

KC1.2HgCl a .2H,0 

5 KC1.6HgCl,.2C,H 6 0 5 KC1.6HgCl # .2C,H ft O 

KCl.HgCl a ,H a O * 

2 KCI.HgCl,. H a 0 

It will be noticed that none of the types of salts formed from water 
are formed from the other solvents, and further, that the i : 5 : i salt 
from acetone is not formed either from water or from alcohol. The 1 : 5 
salt without water has, however, been prepared with rubidium and with 
caesium. 

From the results obtained in this investigation the conclusion may be 
drawn that when a double salt is formed containing the solvent, the lat- 
ter is an essential constituent of the salt and is as important in deter- 
mining the type of double salt formed, as are the individual salts. The 
substitution of one solvent for another may even prevent a double salt 
from forming. 

Sheffield Chemical Laboratory, 

New Haven, Conn. 

ADDITIONAL NOTES ON THE ALKALI AND ALKALI EARTH 

AMALGAMS. 

• by O. McP. Smith and h» C. Bennett. 

* Received March 8, 1910. 

The problem as to the nature of the solid amalgams was first systemat- 
ically investigated by Kerp, 1 who carried out exact solubility determina- 
tions with certain members of the class. In every case the solid 
as well as the saturated solution in equilibrium with it was analyzed. 

1 Z . anorg. CAm., 1 7, 284 (*898). 
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In a second paper, 1 by Kerp and Bottger, the solubility determinations 
were continued, and the results were interpreted according to the phase 
rule. The various phenomena which are possible are discussed at length 
by Kerp and Bottger. By determining for various temperatures the 
composition of each uf the phases in equilibrium, Kerp and Bottger were 
in a position to judge whether the solid phase, owing to its constant 
composition at different temperatures, was to be classed as a chemical 
individual, and, if so, between what temperatures it was capable of ex- 
istence. 

An undoubted disadvantage of Kerp and Bottger’s method lies in the 
fact that it is extremely difficult to completely separate the crystalline 
amalgams from the adhering mother liquor, which renders the analytical 
results for the solid phases very uncertain. 2 For example, the work of 
Maey, 8 which is free from this error, has rendered the existence of the 
compound Nallg e , described by Kerp and Bottger, very uncertain. 

In our work on the electrolytic preparation of the alkali and alkali 
earth amalgams, 4 in which large quantities of the solid amalgams were 
at our disposal, the crystals left behind on filtration showed in several 
instances a higher alkali content than was obtained by Kerp and Bottger. 
We therefore repeated their work, at the ordinary temperature, with the 
addition that the mother liquor left behind on filtration was removed 
as far as was possible, without undue risk of oxidation, by means of a 
high-speed electric centrifugal machine. We have included caesium 
amalgam, which Kerp and Bottger did not prepare, and have also in 
certain cases repeated their solubility determinations. 

Unless otherwise stated, the solid amalgams, obtained by filtration 
through chamois skin on the filter pump, were introduced into narrow 
glass tubes (internal diameter = 8 mm.), in which they were melted; 
while in this condition, the ends of the tubes were vigorously tapped 
upon the desk, in order to jar to the surface the air bubbles and any 
hydroxide which might be present. The tubes were then sealed off just 
above the surface of the melt. They were later cut into 3-centimeter 
sections, and the amalgams were removed in the form of compact, crys- 
talline sticks, which were centrifuged at high speed for 5-10 minutes 
in open Gooch crucibles, without filters. Samples weighing 1-8 grams, 
from which the outer, slightly tarnished surfaces had been removed 
with a knife, were then at once analyzed. The samples were covered 
with water (to which a few drops of methyl orange were added), 0.1 N 
liydrochloric acid was run in just to neutral reaction, an excess was then 

} Z. anorg. Chem., 25, 1 (1900). 

* Cf. Kerp and Bdttger, Loc. tit., p. 8; also Abegg's “Handbuch,” Vol II* part 2, 

P-573- * 

* Z . physik. Chem. t 29, 119 (1899). 

4 This Journal, 3X1 799 (1909). » 
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added, and, after the decomposition of the amalgam, this was titrated 
back with o.i N sodium hydroxide. The water had acquired its alka- 
linity, which was generally equivalent to about i cc. of o.i N acid, from 
the oxidation products present; its action on the amalgam itself was neg- 
ligible. The alkali content of an amalgam was therefore calculated 
from the volume of acid that was required to actually decompose the 
amalgam. 

Caesium amalgam, in the form of crystalline sticks, was rapidly oxid- 
ized in the centrifuge. Targe crystals, obtained by allowing the liquid 
amalgam, saturated at the ordinary temperature, to stand for several 
hours in cracked ice, were, however, centrifuged at high speed for 5 min- 
utes without apparent oxidation. Two samples, weighing 7-8 grams, 
gave, on analysis, 5.05 and 5.07 per cent, of caesium. This wasgthe 
highest caesium content we obtained. In the cases of sodium and lith- 
ium amalgams the crystalline sticks remained compact throughout the 
treatment, and the results arc considered reliable. On disintegrating 
the solid sticks of the centrifuged sodium amalgam, fine, needle-like 
crystals of a splendent metallic luster were obtained. To the eye they 
showed no sign of oxidation, and, unlike those of caesium, rubidium and 
potassium amalgams, they were clean-cut and free from any indication 
of mother-liquor. The results for the crystalline amalgams are given 
as a whole in Table I : 


Tabus I. 


Alkali content 

of crystals separated by filtration Alkali content Nearest 

. * ■ i 1 centrifuged theoretical 

Amalgam. Kerp and BBttger Smith and Bennett. crystals formulas 


Caesium. . . 


Rubidium . 3 . 56-3 . So 


Potassium. 1.55 


Sodium . . 


J(o°-40°) 1.76 

\ (42°-IOO°) 1 . 96-2 . 15 


Lithium 1 .. (o°~ioo°) 0.70 


Barium — 4.60-4.95 

Strontium . . 3 . 33-3 ♦ 42 


472 


5 05-5.07 

CsHft, 

( CsHg li{ 

3*55 


3.48-3 53 

\ RbH gll 
) RbHg u 

1 . 70 


1.63-1.61 

i KHg„ 
l KHg* 


I. 

2.28-2.28 

NaHg„ 

. . . 

11. 

2 12-2. 13 

Nallg, 


f L 

1 .09-1 .09 

LiHg e 

0.875 



L iHg. 


1 11. 

I.IO-I. II 

WHr, 



5 ‘ 38 “ 5.55 

l BaHg„ 
l BaHg„ 



3 . 33 - 3-53 

f s rHg u 
l SrHg„ 


Alkali 
content 
required 
by the 
foregoing 
formula*. 

4.86 

5-25 


3-74 

3-44 

1 *75 
1.60 * 

1.8S 
2.25 
0.70 
0,87 
1. 15 
5*02 
5*41 
3*25 
3*52 


1 Kerp and Bdttger had very little crystalline lithium amalgam to work with, 
which necessarily increased the difficulty of separating the mother liquor by filtration 
on the filter pump, Their low result is evidently due to the presence of mother liquor. 
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From the last three columns in the table it is seen that, in spite of the 
disadvantages of the method, the results tend to indicate the existence 
of compounds of the formulas CsHg 12> RbHg 12 , KHg^, NaHg 5 , LiHg a , 
BaHg l2 and SrUg 12 . Nevertheless, the numerical results are misleading, 
and the only indications which are to be regarded as reliable are those 
for the sodium and lithium compounds. In the other cases the results 
prove only that, in the general formula MeHg n , the maximum value of 
n is 12. It is curious that, in the case of lithium amalgam, Kerp and 
Bottger, by filtration, obtained values in agreement with the formula 
IyiHgj, while we, by filtration, arrived at the formula LiHg 4 , and by 
means of the centrifuge at the formula LiHg s . From his work Maey 1 
deduced the existence of IviHg 5 , of IviHg a and of other compounds richer 
in lithium. His results, however, do not so unmistakably indicate the 
existence of LiHg 6 , as they do that of LiHg 3 . 

Kerp, 1 in his original paper, did not observe the compound NaHg 6 , 
and Kerp and Bottger account for this on the assumption that the com- 
pound was decomposed during filtration by the pressure that was then 
exerted upon its surface in order to completely remove the mother liquor. 
In their common paper 1 they take exception to the work of Maey, 
which failed to indicate the existence of a compound richer in mercury 
than NaHg fi . Maey 1 determined the specific volumes of amalgams of 
varying composition, and from the specific- volume curves he deduced 
the existence of certain definite compounds. Among others, he deter- 
mined the specific volume of an amalgam containing 1.90 per cent, of 
sodium (NaHg # requires 1 88 per cent.) and obtained the value o 08168. 
The next amalgam contained 2.63 per cent, of sodium, and for it he ob- 
tained the specific volume 0.08545. We have determined the specific 
volume of an intermediate amalgam, which contained 2.12 per cent, of 
sodium (NaHg 6 requires 2.25 per cent.) and have obtained the value 
0.08277. It is evident that the compound Nalig & could not have re- 
sulted from a specifically heavier one through the agency of pressure 
alone. Neither is it at all likely that the solid sticks of amalgam were 
heated much above the ordinary temperature in the centrifuge. Our 
results harmonize with those of Maey in denying the existence, at the ordi- 
nary temperature, of a compound of the formula NaHg ft . 

Table II contains the weight of amalgamated metal that is present in 
100 grams of the saturated liquid amalgam. It should be borne in mind 
however, that these metals are not present in the solution in the free 
state; they are present in the form of compounds of the general formula 
MeHg n , dissolved in an excess of mercury. 2 In the table our own deter- 

1 Loc. tit. 

* Cf. Z. anorg . Chem 58, 381 (1908). 
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urinations are indicated by asterisks. The other values are those of Kerp 
and Bdttger, which are given for the sake of comparison. 


t°. 

Cs. 

Rb. 

K. 

Table 

Na. 

II. 

Li. 

Ba 

Sr. 

Ca.i 

0 

*1.96 

O.92 

0.31 

0.54 

O.04 

0.15 

0.73 


18 

*2.6l 

.... 




0.32 

1.04 


195 


*1.21 







20 


O.47 







22 


*0.46 


0.63 

*0.047 




23 



.... 

— 



*1.12 

— or>*o.09 

24 


.... 

.... 

— 


*0.32 



25 


1.37 

0.53 

0.65 


0.34 



26 

*2.98 








30 


.... 

O.56 

0.67 


°'43 

1.27 


64 - 5 

— 

— 

— 

— 

O. IO 

— 

— 

4 


In conclusion, it is desired to offer an explanation of the T^ell-known 
fact that, although mercury itself will not adhere to such metals &s iron 
and platinum, even very dilute alkali and alkali-earth amalgams do read- 
ily adhere to them. Upon dipping a platinum wire covered with ad- 
hering amalgam into dilute hydrochloric acid, the alkali metal is extracted 
and the resulting mercury does not continue to adhere to the platinum. 
It has been shown 2 that, in the decomposition of these amalgams with 
hydrochloric acid, a point is reached at which there is a sudden increase 
in the surface tension of the amalgams, accompanied by the sudden 
evolution of a cloud of minute hydrogen bubbles, and by a sudden de- 
crease in the solution pressure of the amalgams. It would appear, there- 
fore, that the adhesion of the amalgams to platinum and to iron is due 
rather to the inferior cohesion of the amalgams than to any chemical 
reaction. 

Urbana, III. 

[Contribution from the Laboratory of Analytical Chemistry, of the College 
of the City of New York.] 

SOME NEW DOUBLE ARSENATES . 8 

By Louis J. Curtman. 

Received March ti, iqio. 

The work on double phosphates 4 suggested the preparation of corre- 
sponding arsenates, especially as reference to the literature showed that 

1 We were unable to prepare an amalgam containing more than 0,09 per cent, of 
calcium. It was filtered at 23 0 , and was entirely liquid. 

* This Journal, 31, $1 (1909). 

* Presented in abstract before the Boston Meeting of the American Chemical 
Society, December, 1909. 

* This Journal, 714 and 1194 (1907). 
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such compounds had not been prepared. The method which was 
found to yield these salts was similar to that employed in the prepara- 
tion of the double phosphates, except as regards the acidity of the solu- 
tion, which in this case was somewhat greater. 

Preparation . — A solution consisting of 100 cc. of 10 per cent, ferric 
chloride, 50 cc. of hydrochloric acid (sp. gr. 1 . 2) and 50 cc. of water 
was heated to 70 °. To this was added gradually and with constant 
stirring a hot solution of diammonium arsenate containing 105 grams in 
1 75 cc. of water. The addition of the arsenate was followed by the forma- 
tion of a temporary precipitate which, dissolving on stirring, had the ef- 
fect of weakening the color of the iron solution; the latter became per- 
fectly colorless when nearly the entire quantity of the arsenate had been 
added. On adding the last few cc., a slight white gelatinous precipitate 
formed, which, on heating and stirring, increased in amount and at the 
same time changed to a finely granular form resembling chalk. The 
mixture was continuously heated with stirring on an asbestos pad until 
the temperature rose to ioo°, after which it was digested on a boiling 
water bath for one hour and then allowed to stand overnight. The 
next day the clear, colorless, supernatant liquid was siphoned off and the 
residual, perfectly white, compact mass washed twice by decantation 
with an alcoholic solution (1 part 95 per cent, alcohol to 2 parts of water) 
containing 0.1 per cent, of ammonium chloride, and then finally with 
alcohol (1-1) till the washings were free of chlorides. 1 The filtrate was 
acid to litmus and gave strong tests for ammonium and arsenate, show- 
ing that an excess of the precipitant had been used ; it did not contain 
any iron. 

The precipitate was first allowed to partially dry in the air, then pulver- 
ized, and finally dried to constant weight in a water oven. The yield 
was 12 grams. 

Analysis . — The ammonium was determined by direct distillation with 
caustic soda into a standard acid solution. The arsenic and the iron were 
determined in another portion by the following procedure: About one 
gram of the material was dissolved in 10-15 cc. of cone, hydrochloric 
acid; when solution was complete, 50-75 cc. of a strong solution of sul- 
phurous acid were added, the whole transferred to a small pressure bot- , 
tie, and the latter stoppered and heated in a boiling water bath for one 
hour. After cooling, the contents of the pressure bottle were transferred 
to an Erlenmeyer flask and without heating, the arsenic was precipita- 
ted with a rapid stream of hydrogen sulphide. The filtrate and wash- 
ings were at once treated with filtered compressed air to drive out the 
hydrogen sulphide, evaporated to a small bulk, filtered, and the iron de- 
termined gravimetrically as Fe^Og, or volumetrically with a standard 
* The final washings, though free of chlorides, gave a test for AsO«. 
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potassium permanganate solution by the Zimmerman-Rheinhart method. 
The well washed precipitate of As^ and S was dissolved in concentra- 
ted hydrochloric acid with the addition of potassium chlorate, boiled to 
expel the excess of chlorine, filtered from the undissolved sulphur into a 
standard volumetric flask and diluted to the mark. Aliquot portions 
were then pipetted out, rendered alkaline with ammonia, and the arsenic 
precipitated in the usual way with magnesia mixture and ultimately 


weighed in a Gooch crucible as MgjjASjjOy. 

Found. 

Theory for 

(NH 4 )HjAs0 4 FcAs0 4 . 

NH 4 

4.71 4.66 

5.08 

Fe 

• •• 15-45 J 5-63 

15-81 

As 

42.12 42.06 

42-37 


Properties of NH i H 2 As 0 4 .f r eAs 0 4 . — The double arsenate of ferric iron 
and ammonium is a white powder possessing a faint greenish-yellow tint. 
It readily dissolves in cold cone, hydrochloric acid with tfye formation 
of a yellow solution; it is also soluble in hot nitric and in hot dilute sul- 
phuric acids. Arsenic acid containing 75 per cent, arsenic pentoxide 
readily dissolves it on heating, yielding a colorless solution^ from which 
ammonia, even when added in excess, failed to reprecipitate the arsenate, 
but instead gave a reddish brown solution, the color of which varied with 
the amount of double salt originally dissolved. It is insoluble in 50 per 
cent, acetic acid, also in a strong solution of ammonium chloride. Caus- 
tic alkalies completely hydrolyze the compound, the final product being 
ferric hydroxide; hot water has a similar effect, only to a smaller degree. 
Hot strong ammonia dissolves the double salt with the formation of a 
deep red solution. On gentle ignition the double arsenate decomposes, 
giving off ammonia and water. 

Action of Water . — As the chief characteristic of the corresponding 
double phosphates is their readiness to undergo hydrolysis when washed 
excessively with water, 1 it was thought worth while to determine whether 
or not this was the case with the double arsenate and thus explain the 
difficulty of obtaining a product of a high degree of purity. Accordingly, 
about two grams of the analyzed salt were treated in a bottle of two 
liters capacity with 1500 cc. of water at the laboratory temperature, 
repeatedly shaken, and finally allowed to stand overnight. The next 
day nearly all the material had settled to the bottom; a very small por- 
tion, however; remained in suspension in the colloidal form, which could 
not be removed by the usual process of filtration. As standing for three 
days did not cause the colloidal material to settle, recourse was finally 
had to a porcelain filter operated by strong suction; this proved effect- 
ive. The residual solid material after the water treatment was notioe- 

1 This Journal, 29, 717. “Ueber die Phosphate des Ktipfers,” Doctor's dis- 
sertation, Halle, 1890. , ' 
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ably yellow, thus indicating hydrolysis. It was returned to the bottle 
and treated again with 1500 ec. of water, shaken, allowed to stand over- 
night, and filtered. The residue which was dried over sulphuric acid 
possessed a light brown color. Analysis of the clear concentrated aqueous 
extract showed the presence of As 0 4 and ammonium, but contained no 
iron. Analysis of dritd brown residue after the two treatments with 
water gave: NH 4 , 2.27; Fe, 19.24; As, 31 n. 

Comparison of these figures with those obtained for the normal salt 
shows that the action of water on the salt consists in dissolving out arsenic 
acid and ammonium, accompanied by a change in color of the compound 
due to the formation of ferric hydroxide. The action is one of hydrolysis , 
precisely similar to that observed with the corresponding phosphates. 

Actum of Ammonia . — The solubility of the double salt in ammonia 
suggested the possibility of the formation of basic double arsenate of 
ferric iron and ammonium similar to that prepared from the correspond- 
ing double phosphate. A small quantity of freshly prepared double am- 
monium ferric arsenate was treated in an Erienmeyer flask with concen- 
trated ammonia and the mixture heated on a boiling water bath; the 
white precipitate first became yellow, then brown, and finally, on further 
heating, dissolved completely to a beautiful 1 eddish brown solution. On 
adding 95 per cent, alcohol to this solution, a curdy, reddish brown pre- 
cipitate settled to the bottom and was at once filtered from the overlying 
cloud} liquid. A portion of the reddish brown material, nearly com- 
pletely dried in the air, was treated with water; it entirely dissolved to a 
yellow solution. The ammoniacal filtrate containing an excess of alcohol 
possessed a very pale yellow color and gave a strong test for arsenic acid 
with silver nitrate after neutralization of the ammonia with acetic acid. 
Another portion was evaporated to dryness, taken up with hydrochloric 
acid and tested for iron. The slight tests obtained indicated that the 
filtrate contained only traces of iron. Qualitative analysis of the dried 
precipitate obtained with alcohol showed the presence of iron, arsenic, 
and ammonium, but the amount was too small for a quantitative analy- 
sis. Its qualitative analysis taken, together with its physical proper- 
ties, namely, color and solubility in water, strongly suggest the corre- 
sponding phosphate which forms under the -same condition. This will 
be further investigated. 

When dipotassium arsenate was used in place of the ammonium com- 
pound, under the same conditions which were found favorable for the 
formation of the double arsenate of iron and ammonium, a white pre- 
cipitate was obtained. The result of a qualitative analysis* of this sub- 
stance indicates the existence of the corresponding double alkali arsenate. 
This compound, together with the double arsenates of aluminium and 
chromium, are under investigation at the present time^ 
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Summary. 

If to a hot ferric chloride solution, strongly acid with hydrochloric 
acid, diammonium arsenate solution be added to incipient precipitation, 
and the mixture heated, there forms a white, finely divided precipitate, 
which analysis showed to be a double arsenate of ammonium and iron 
of the formula NH 4 H 2 As 0 4 .FeAs 0 4 . Like the corresponding phosphate 
prepared by the author, the double arsenate readily hydrolyzes when 
washed with water. It readily dissolves in mineral acids, but is prac- 
tically insoluble in 50 per cent, acetic acid. Ammonia dissolved it on 
heating to a deep reddish brown solution, from which 95 per cent, alcohol 
precipitates a basic double ammonium ferric arsenate. When potas- 
sium* arsenate was used under the same conditions, a precipitate was ob 
tained which, from the results of a qualitative analysis, appears to b^ the 
corresponding double alkali arsenate. 

New York City, February, 1910. j. 

A STUDY OF THE PHENOLSULPHONIC ACID METHOD FOR THE 
DETERMINATION OF NITRATES IN WATER.- 

[ SECOND ’PAPER.] 

THE COMPOSITION OF THE YELLOW COMPOUND. 

By E. M C ii a mot and I). S. Pratt 
R eceived February 22 , rqto 

In our first paper 1 we discussed the composition of the various sul- 
phonic acid reagents which have been suggested for use in this method 2 
and showed that the standard phenolsulphonic. acid generally used in the 
United States (Method Am. Pub. Health Association) 3 made by heating 
a mixture of 15 grams of phenol and 128 cc. of concentrated sulphuric 
acid for six hours in a flask immersed in boiling water, consists of phenol- 
disulphonic acid 1-2-4, with always small but appreciable quantities of 
phenolmonosulphonic acid (para) and a large excess of sulphuric acid. 
It was also stated that the yellow color obtained by treating a nitrate- 
containing water residue with this reagent, diluting and making alkaline, 
was not due* as had long been taken for granted, to salts of picric acid, 2 ,* 
nor could it be due to salts of mononitro phenols, as believed by Hazen 
and Clark, 4 nor to salts of\dinitro phenols as Montanari supposed. 5 

It had already been shoVrn by Andrews® that the mononitro and dinitro 

1 This Journal, 31, 922. 

* Sprengel, Pogg. Ann., 121, 188 (1863) ; Grandval and Lajoux, Compt. rend., 62, 101 
(1885) ; Kekute, Lehrbuch, III, 236; Fox, Tech . Quart., i, 54 (1887) ; Rideal, Chem. News, 
60, 261 (1889) ; Pagnoul, J. Soc. Chem . Ind., 23, X35 (1904) ; Smith, Analyst, io, 199 (1885). 

8 Gill, This Journal, i6, 122 (1894). 

4 Hazen and Gark, J. Anal. Appl. Chem., 5, 301 (1891). 

8 Montanari, Gazz. chim Hal, 22, 1 , 87 (1902). 

; * * • Andrews, This Journal, 26, 388 (1904). 
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phenols axe removed from acid solutions by shaking with benzene and 
that they may be removed from the solvent by shaking with water con- 
taining a small amount of alkali, yielding a yellow liquid. Andrews 
further showed that the nitrophenolmonosulphonic acids are insoluble 
in benzene and may ihus be separated and differentiated from the nitro 
phenols. Making use of this method, Andrews concluded that mono- 
nitro and dinitro phenols and picric acid must be absent from the reaction 
product of phenolsulphonic acid on nitrates, and therefore assumed 
that the yellow color must be due to nitrophenolsulphonic acid salts; 
but as he apparently believed that the reagent consists of monopara acid, 1 
one gathers from his paper that he believed the yellow compound to be 
a salt of the nitromunopara acid. This assumption as to the composi- 
tion of the reagent and reaction product did not appear to be at all con- 
clusive to the authors, who believed it very necessary to definitely de- 
termine the character and structure of the yellow compound by actual 
isolation and analysis, thus obtaining conclusive proof as to its nature. 

As stated in our first paper, it was found early in the investigation 
that when the cold reagent is poured upon cold residues (the usual method 
of procedure) no trace ot nitro phenols nor of picric acid could be detected 
in the reaction products when dealing with such amounts of nitrate as 
are usually met with in water analysis, o to 30 parts per million of nitro- 
gen as nitrate. When, however, the amount approaches 50 parts per 
million, traces, but only traces of picric acid, appear and may be detected 
by microchemical analysis. 

When either the reagent or the water residue is hot, or when the residue 
is heated after adding the reagent to it, different results are met with 
and under these conditions even 5 parts of nitrogen as nitrate may then 
give slight traces of picric acid, the amount increasing according to the 
heat treatment, but never reaching more than appreciable traces. The 
monoparasulphonic acid present is also nitrated by this heat treatment. 
The presence of these exceedingly small amounts of picric acid was proved 
by extracting with benzene a large number of water residues after treat- 
ment with phenolsulphonic acid, evaporating the solvent and subjecting 
the extracted material to microchemical tests. Picric acid could not, 
however, be detected unless a large number of water residues were ex- 
tracted and hence this compound cannot legitimately be regarded as a 
product of the reaction as the method is carried out in practice. 

In order to obtain the compound yielding the yellow color in alkaline 

1 Since the preparation of this article, bombard ( Bull . soc. chiin., 6, 1092 (1909)) 
advances the theory based upon the work of Obertniller on phenolsulphonic acids, that 
the reagent consists chiefly of orthophenol sulphonic acid and paraphenolsulphonic acid 
and that the yellow compound consists of about 2 parts of alkali salts of ^rfV^itro 
phenol and 3 parts of orthonitrophenolsulphonic acid. No details are ver, 

to substantiate this conjecture, which is erroneous 
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solution, it was decided to isolate it from actual natural water residues 
containing nitrogen as nitrate. This source of material was adopted in 
order that there could be no question as to the reactions in the standard 
method, the authors believing that the pouring of the reagent on pure 
nitrate residues and the subsequent isolation therefrom of a yellow-colored 
salt might possibly be regarded as no proof of the products of the reac- 
tions obtained in practice. 

Several thousand residues were obtained by evaporating to dryness, 
on a water bath, 100 cc. portions of a natural water containing about 
10 parts per million of nitrogen as nitrates. These residues were then 
separately treated in the cold with 2 cc. each of the standard phenol- 
sulphonic acid and the resulting products united. From this acid liquid 
no color-giving material could be extracted by benzene. 

Experiments on a small scale demonstrated that it was possible to 
separate the yellow-colored salt from the other products present in the 
alkaline solution by fractional crystallization, and that the potassium 
salts were best suited for this procedure. Potassium was chosen as the 
base for several reasons. The reagent always contains a large excess of 
sulphuric acid and it is evident that the major portion of the products 
formed must be inorganic sulphates. It is therefore advantageous to 
have this of a low solubility and as easily crystallizable as possible, 
hence, potassium is more to be desired than either sodium or ammonium, 
any one of these three being used in the method. Moreover, potassium 
is better adapted to quantitative determination. 

For the above reasons the acid liquid resulting from the combined 
residues was carefully neutralized with just sufficient potassium hydrox- 
ide solution to develop the maximum color, care being taken to avoid, as 
far as possible, a marked rise in temperature. The resulting solution was 
alkaline to litmus This yellow alkaline liquid was then subjected to frac- 
tional crystallization in the usual manner, bv evaporation, pouring off 
mother-liquors and combining similar fractions. In another portion of 
the alkaline liquid fractional precipitation by means of alcohol was re- 
sorted to. In both cases potassium sulphate first separated, always, 
however, stained yellow. The yellow compound, being far more soluble, 
accumulated in the end fractions. It was soon evident that the com- 
pound under investigation was much more soluble in hot than in cold 
water. After the isolation and purification of the yellow salt, solubility 
determinations showed that 100 parts of water dissolve 28.8 parts at 
40°, 100 parts of water dissolve 19.4 parts at 20° C. The solubility of 
potassium sulphate, on the contrary, is but slightly increased by a rise 
of temperature. 1 The fractionations were therefore carried on in warm 

if Azen ^ j py a kt Chem., 29, 471. 

* Mcmtanan^v water at 20 © q dissolve it.tt parts KgSQ 4 

' Andrews, ™ atefat4oCCt dissolve 14.76 parts g 
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solutions, making use for this purpose of a large incubator regulated for 
40° in our bacteriological laboratory. No attempt was made to ascer- 
tain the most suitable temperature for fractioning, since 40° proved re- 
markably efficient and satisfactory, and this incubator temperature 
was available. 

Inasmuch as the reagent consists of phenoldisulphonic acid 1-2-4, to- 
gether with a small amount of phenolparasulphonic acid, the possible 
products of the reaction are the normal and acid salts of the two nitro- 
sulphonic acids, the unnitrated sulphonates, mononitro phenols, dinitro 
phenols, picric acid and dinitro phenolmonosulphonates. Of these 
compounds the unnitrated sulphonates are colorless, but the nitro com- 
pounds are all more or less yellow in alkaline solution. 

Both Andrews, by his solubility method, and the authors, by micro- 
chemical analysis, have shown that mononitro phenols, dinitro phenols 
and picric acid are not products of the reaction. The authors have 
further shown 1 that under the usual method of procedure no nitro group 
is introduced into the parasulphonic acid. This leaves as the possible 
compounds formed, the alkali salts of nitrophenoldisulphonic acid and 
dinitrophenolmonosulphonic acid, the latter resulting from the replace- 
ment of one sulphonic acid group by a nitro group — such a reaction, in 
the cold and with such small amounts of nitric acids as are met with in 
water analysis, is, however, very improbable, theoretically. Moreover, 
no evidence of such a compound could be obtained by the authors in any 
of the material studied. By elimination there remains only the alkali 
salt of nitrophenoldisulphonic acid. 

Nevertheless, as the fractionation proceeded, there separated what ap- 
peared to be two nitro compounds. Eventually this was found to be 
erroneous, one of these being a salt of phenoldisulphonic acid which in 
crystallizing always occludes relatively large amounts of the nitrosul- 
phonate, thus acquiring shades of yellow, from which it can be completely 
freed only with great difficulty. Instead, however, of being the tripotas- 
sium salt as we assumed at first, because of the presence of a slight ex- 
cess of potassium hydroxide, it proved, upon isolation and analysis, to be 
the dipotassium salt of this acid, C e H 3 0 H(S 0 8 K) 3 .H 2 0 . This salt is 
colorless when pure, crystallizing in highly refractive orthorhombic 
prisms, exhibiting exceptionally strong double refraction (Fig. 1). It 
cannot therefore be confused in microchemical examinations with the 
salt of the nitro acid. 

The other yellow salt separating was fractioned to free it from potas- 
sium sulphate, until its solution failed to yield a turbidity with barium 
chloride. It was then recrystallized from water at room temperature. 

1 Chamot and Pratt, Loc. cit. 
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Fig 1 — Dipotassiuin phenoldisulphonale X 
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There was thus obtained between one and two grams of a beautifully 
crystalline, very brilliant, highly refractive orange-yellow salt. 

Dry air passed over these crystals caused a loss of water of crystalliza- 
tion, as did heating to ioo°. In attempting to dry to constant weight 
in air it was found that a gradual increase of weight took place, probably 
due to oxidation. To avoid this, a small electric resistance furnace was 
designed in which the heating could be done in an atmosphere of carbon 
dioxide under reduced pressure. This apparatus consisted of a short 
piece of Jena glass combustion tube wound with nickel wire and surrounded 
with asbestos-magnesia pipe covering. The temperature could be easily 
and accurately regulated by a resistance lamp-board and the material 
contained in platinum boats was readily accessible. The tube was par- 
tially exhausted by means of a Chapman filter pump and pure dry carbon 
dioxide was passed through to remove the moisture liberated. A tem- 
perature of 200° was found to be most convenient for removing the water 
of crystallization. Above 240 0 the compound turns brown and decom- 
poses without melting. A determination of the melting point of the 
compound is therefore impossible. 

The air-dried, orange-yellow salt gave, upon heating as above described, 
a loss of weight corresponding to one and one-half molecules of water o 
crystallization. 

Found: 6. 16 ; 5.97 ; 6.45 ; 6.47 ; 6.09 ; average 6.22 per cent. 

Theory for C 6 H 2 OK.(SO a K) 3 .NO r 1 V^HaO, 6.13 per cent. 

The analysis of the anhydrous salt gave the following results: 


Per cent found Theory for 

. C«,H,OK (SO a K) 2 NO*. 

K.... 28.46 28.35 28.43 28.37 

N 3*43 3*45 3*37 

SO, 46.25 46.21 ... 46.47 


The salt therefore has the following formula: 

(0 

(2) O f N 

1 % 11,0 or 
(4) 

(6) 

Potassium was determined as the chloroplatinate in the usual manner 
on the salt direct. 

Nitrogen was determined by the Kjeldahl method after first reducing 
by boiling with zinc dust in a slightly acidulated solution. 

' For the determination of the sulphonic acid radical the material was 
first oxidized by several treatments with fuming nitric acid (sp. gr. 1 . 52) 
and subsequent precipitation with barium chloride, 

This tripotassium nitrophenoldisulphonate crystallizes from aqueous 


OK 

j^SOaK 

SO a K 


OK 



NO a 
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solutions in beautiful orange-yellow, triclinic, many-sided prisms of 
high refractive index (Fig. 2). 

Through the kindness of Professor A. C. Gill, of the Department of 
Mineralogy and Petrography, the following crystallographic note is 
given : 

“The yellow salt occurs in stout prisms or tabular triclinic crystals. 
Most of the crystals were too small to measure, but one of the tabular 
ones, about o 5 mm. in length, gave fairly good reflections on the goniom- 
eter. The plane angle of th > large face was a little less than 70 °. Each 
of the edges of the plate is formed by a pair of long, narrow faces. The 
angles from the top plate to the bottom over one pair are 7o°4o', 64° 25', 
and 44 0 55', while over the other pair the angles are 52°4 q', 64° 47', and 
62° 24'. The prismatic habitus as shown in the photograph is much more 
common than the tubular habitus of the crystal measured. 1 

"The crystals show pleochroism from orange- to sulphur- yellow, are 
strongly double refracting, and have marked dispersion both* of the optic 
axes and axes of elasticity.” 

The anhydrous salt is quite a little darker orange in .color than the hy- 
drated, and when hot is a cherry-red, retaining its orangS color upon 
cooling. In dilute solutions it is clear yellow but tends towards red as 
the concentration is increased. With ferric chloride solution it gives a 
violet-red. Acids added to its solution do not decolorize it, but simply 
weaken the tint, accounting for the yellow color always obtained in acid 
solution when a residue high in nitrates is treated with standard sul- 
phonic acid. 

A small amount of the dipotassium pheuolsulphonate present in the 
fractions usually greatly modifies the crystal form of the tripotassium 
nitrophenoldisulphonate, and there may then appear, on rapid crystal- 
lization, blade-like crystals pointed at each end or sheaves or clusters 
of these crystals. It is these modified crystals which confused us for 
some time, as stated above. 

The last fractions of a series always contain as an impurity the very 
soluble potassium salt of the monoparasulphonic acid, a small amount 
of this acid being always present in the standard reagent. This salt 
crystallizes in exceedingly slender and delicate hair-like tufts. 

To determine whether the same product is always obtained when 
the amount of nitrogen as nitrate ranges between the usual limits present 
in water a special series of water residues was examined. These differed 
by increments of about two parts of nitrogen per million between the 
limits of 2 and 30. Each residue was treated with 2 cc. of the standard 
reagent, diluted and made alkaline with potassium hydroxide. In every 
case, by microchemical analysis, the yellow color was found to be due 
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to tripotassium nitrophenoldisulphonate. A residue containing 60 parts 
nitrogen per million gave similar results. 

In a third paper the authors will discuss the phenolsulphonic acid 
method as applied in practice with special reference to sources of error. 

Summary. 

The yellow color of alkaline solutions of nitrate containing water resi- 
dues treated with standard phenolsulphonic acid reagent is due to the 
tripotassium salt of nitrophenoldisulphonic acid, this salt having been 
isolated and its properties studied. 

No other compound giving a yellow color with alkalies could be isola- 
ted or detected in appreciable amount, in treated water residues con- 
taining from less than 1 to 60 parts per million of nitrogen as nitrate. 

In water residues containing over 50 parts per million nitrogen as 
nitrates traces of picric acid detectable by microchemical methods may 
be formed in the cold, but traces only. 

Water residues heated in contact with phenoidisulphonic acid yield 
traces of picric acid, but only traces, unless the heating is long continued 
and the quantity of nitrate high, when appreciable amounts of picric 
acid may be formed. 

Alkali salts of phenoidisulphonic acid occlude sufficiently large amounts 
of the alkali salts of nitrophenoldisulphonic acid to so color them and so 
modify their crystal form as to simulate in appearance and behavior 
another nitro compound. 

Cornell University Chemical Laboratory. 


[Contribution from the Laboratory of Dr. Herbert M. Hill, Buffalo, N. Y.] 

THE MERCURY CATHODE IN RAPID ELECTROANALYSIS. 

By W. S Kimlky. 

Received October 8, 1909. 

Mercury is superior to platinum for a cathode in several electroanalyt- 
ical determinations; in some others there is no decided choice, and in 
several others there is no substitute for the platinum cathode. Some 
metals can be determined by using a mercury cathode, in an electrolyte 
that would not give a quantitative deposit on platinum in that the metal 
seems to be withdrawn from the solvent action of the electrolyte to a 
certain extent, e . <?., copper may be deposited from a solution containing 
10 per cent, of nitric acid to within 0.05 per cent, by use of a mercury 
cathode, while with platinum it would be difficult to recover over 98- 
99 per cent. With some other metals mercury is superior because it will 
amalgamate with metals that would not always adhere well to platinum. 

The method of H. Filippo, 1 in which the method of Kollock and Smith 
1 Leiden Univ., Chem . Weekblad , 6, 2269. 
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is modified to obviate working with small volumes, is to place an accurately 
weighed quantity of mercury in a round-bottomed flask, into the bottom 
of which is fused a platinum wire which barely projects through the glass 
and makes connection with the mercury. 

When the electrolysis is finished the amalgam is washed with water and 
alcohol and is poured into a weighing bottle half filled with alcohol. 
The alcohol is then removed with a pipette and a strip of blotting paper 
and the mercury is dried and weighed. 

This method is open to criticism for several reasons. First, the end of 
the wire would closely hold a small drop of the amalgam and give low 
results. Second, although clean mercury can be easily transferred from 
one dish to another without loss, it would be difficult with many of the 
amalgams. Mercury loses some of its physical properties when it is 
alloyed with other metals. The meniscus loses its characteristic convex 
shape and even becomes concave in some instances. 

The following method, originated by the author, is easy accurate 
manipulation and will give satisfactory results with those metals to 
which the mercury cathode is adapted, and it also avoids working with 
the small volume used by Kollock and Smith. A platinum wire is sealed 
into the bottom of a round-bottomed fat flask weighing about 25 grams 
and holding about 125 cc.; 40 grams of mercury will cover the bottom of 
the flask and the outfit will weigh about 65 grams. When the deposition 
is complete the solution is siphoned off as far as possible without break- 
ing the circuit, the flask filled with distilled water, and this repeated 
until the current drops nearly fo zero. The flask is then removed from 
the stirrer and the liquid removed by a glass tube drawn out to a point 
like the tip of a wash-bottle, and attached to the suction pipe of a filter 
pump by a rubber tube. When the liquid is nearly all out, the flask is 
slightly tipped and a bare spot will appear where the tip can be placed 
against the glass and the last drop of water removed. By this method 
over 98.5 per cent, of the liquid can be easily withdrawn. After thor- 
oughly washing with water, wash three times with alcohol, removing it in 
the same way except that it is caught in an empty wash-bottle and distilled 
over quicklime, when a sufficient quantity has accumulated. The amal- 
gam is then washed once with ether and dried in a hot water oven until 
there is no odor of ether or alcohol, the flask being removed at intervals 
of one minute and the vapor blown out. 

When it is easy to keep the volume small a convenient cell for the elec- 
trolysis can be easily made by placing the mercury in a common straight- 
sided weighing bottle holding about 60 cc. and making the connection 
by a platinum wire sealed in a glass tube reaching to the bottom and bent 
at the top so it nearly touches about half way up (Fig. 1). This keeps 
the tube at one side of the dish so that it does not interfere with the 
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stirrer. The amalgam is washed and dried as before. In making the 
tube for connecting with the mercury, the wire is sealed in one end of the 
tube and the tube is then bent into shape and the other end 
is sealed so that no moisture may gather in the tube. 

In using the above cells they should be washed and dried 
the same before electrolysis as after, to obtain two weights 
under the same conditions. 

The method of connecting with the mercury cathode 
through the glass tube is not considered superior to sealing 
a wire in the bottom of the weighing bottle, but it is easily 
prepared and avoids breaking an expensive piece of appa- 
ratus in some subsequent heating or cooling. The same 
method might be conveniently adapted to connect with the 
mercury in the round-bottomed cathode chamber (Fig. 2). 

Because some of the metals exert a certain influence on 
others when they are present together, the following experi- 
ments were made on the determination of mixtures made 
by weighing out portions of chemically pure metals and dis- 
big 1. solving them together. 

A mixture containing, copper 85, lead 5, zinc 5, and tin 5 per cent., 
was dissolved in nitric acid (sp. gr. 1 20), evaporated nearly dry, diluted 
with water, boiled, allowed to stand a few minutes, and the precipitate, 
containing the tin and small amounts of copper and lead, was filtered off 
and fused with equal parts of sodium carbonate and 
sulphur in a small covered porcelain crucible. The 
fused mass was then dissolved in hot water and 
enough sodium sulphite added to reduce the poly- 
sulphides and so render the copper and lead sul- 
phides insoluble. The tin in solution was filtered 
off and the insoluble sulphides dissolved in nit ric 
acid and returned to the first filtrate, which meas- 
ured less than 100 cc. This was then placed in the 
first described cathode chamber, previously pre- 
pared and weighed. The anode was of the disc form 
and was also weighed before attaching to the rotator. 

The anode was run very slowly to avoid detaching 
any of the lead peroxide. After starting the rotator Ffg- 2 - 

the current was turned on and 15 cc. of nitric acid added. The lead 
separated on the anode and after washing with water, alcohol, and ether, 
was dried for 1.5 hours at 190° and weighed as peroxide. 

The copper separated and formed an amalgam, and after washing and 
drying the gain in weight of the cathode chamber gave the weight of the 
copper. 
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The solution and washings from the determination of lead and copper 
were run into a casserole, 0.5 cc. of sulphuric acid added and evaporated 
to fumes to drive off the nitric acid. The residue was then dissolved 
in a small amount of water and a few drops of sulphuric acid, if necessary. 
The acid was then neutralized with ammonia and an excess of 0.2 cc. of 
sulphuric acid added, then placed in the mercury cathode cham- 
ber made from the weighing bottle and electrolyzed for zinc. To the 
solution containing the tin was added 5 cc. of strong sodium hydroxide, 
10 cc. of concentrated sodium sulphide solution and 20 grams of ammo- 
nium sulphate. It was then digested on the water bath for an hour and 
the tin deposited, using a platinum dish as a cathode, small amounts 
of ammonium sulphide being added as necessary to keep the sulphides 
in solution. 

The accompanying table gives some of the results: 

Amount Amount 


Constituent. 

Voltage. 

Amperes. 

Time. 

Min. 

of metal 
present. 
Per cent. 

of metal 
found 

Per cent. 

0 . 

Per cent 
error. 

Copper 

• • 5 

2 

120 

85 . 00 

84 98 

— 0.02 

Lead 

5 

2 

120 

5 00 

5 °4 

+0.04 

Zinc . ... 

10 

2 

90 

5-00 

5.00 

O 00 

Tin 

- • 6 % 


120 

500 

4-97 

—-0.03 





Total, 

99-99 


Copper. . . . 

5 


120 

85 00 

84 97 

—0.03 

Lead 

5 

2'/ 2 

120 

5.00 

5-03 

-i-0.03 

Zinc 

. . . 10 

2 

45 

5.00 

5.01 

— 0 . 0 1 

Tin 

. . 6 l A 

2 7 * 

180 ' 

5.00 

4 97 

-^0.03 


Total, 99.98 

In the two following experiments the copper was deposited on platinum 
foil, other conditions remaining the same. 

In the first one, 15.82 per cent, of copper was precipitated on the foil 
in 120 min., leaving 69. 18 per cent, of copper not recovered, and in the 
second one 18.09 P er cent, of copper was precipitated in 150 min., leav- 
ing 66.91 per cent, not recovered. 

The solutions containing the remainder of the copper were each neutral- 
ized with ammonia, made just slightly acid with nitric acid and 0.2 cc. 
of sulphuric acid added, and the rest of the copper was recovered to 
within an error of 0.03 per cent, in the first and 0.07 per cent, in the 
second. 

The above does not show that mercury is superior to platinum for the 
determination of copper, but it indicates that it is better when copper 
must be determined from a strongly acid solution, as is the case when 
the separation from lead is made; otherwise the gauze or foil is handier, 
as it is easier to wash and dry. 
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To illustrate the working of the process, the results of the analysis of 
two commercial alloys are given. The copper and zinc were deposited 
in mercury, the copper in the cathode chamber made from the round- 
bottomed flask and the zinc in one made from a straight-sided bottle. 
The results in No. 1 were checked by another chemist who got practically 
the same results, and in the case of the zinc exactly the same. 



No. 1. 

Per cert 

No. 2. 
Per cent. 

Copper 

81 18 

8 .V 72 

head 

4 7 <> 

5 34 

Zinc . 

10.04 

8 61 

Tin 

3 - 4 ° 

2-43 

Iron 

0 63 



100 01 

100. 10 


It has been stated by Price, Journal of the Society of Chemical Indus- 
try , that a mercury cathode gives low results with zinc on account of 
small particles of the amalgam being detached and lost during the pro- 
cess of washing, but by the above method of washing and drying there is 
apparently no loss, as in nearly every determination on known amounts 
of zinc the weight of the amalgam indicates at least the whole amount of 
zinc and in manv instances from one- to three- tenths of a milligram more, 
which is probably due to a slight oxidation of the zinc while drying. 
Zinc is one of the metals that is best determined as an amalgam, for when 
deposited on platinum it is difficult to remove without rendering the 
platinum black and spongy. 

Trials with antimony were unsuccessful, as the antimony formed on 
the surface of the mercury as a black powder and some became lost in 
washing. 

Tin in solution as sulphate forms an amalgam but as yet has given low 
results. 

Several mixtures were made by dissolving copper 0.50, lead 0.35, zinc 
0.10 and tin 0.05 gram, and analyzed the same as before, except that 
the bulk of the lead was precipitated as sulphate and filtered on a Gooch 
and weighed as sulphate. The small amount remaining was electro- 
lyzed and weighed as lead peroxide and the two added together. This 
has been found by numerous experiments to give the best results when 
dealing with comparatively large amounts of lead, as if all the lead is 
deposited as peroxide the results will be high. 

In these mixtures of metals the largest percentage error was 0.04 per cent. 

The above described mercury cathode chambers have been placed in 
the hands of inexperienced persons for the determination of copper, 
nickel, and zinc, and after a few trials they have been able to get results 
equally as accurate as the ones recorded above. 
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[Contributions from the Havemeyer Laboratories, Columbia University, 

No. 176.] 

THE VOLUMETRIC DETERMINATION OF CERIUM IN CERITE 
AND MONAZITE. 

By F J Metzokr and M IIeideluerc.er 
Received March 16, 1910 

In a previous number of This Journal 1 it was shown by one of us that 
cerium could be accurately and rapidly determined in the presence of 
other rare earths by oxidation of the sulphate in sulphuric acid solution 
with sodium bismuthate, reduction of the ceric salt with p.n excess of 
ferrous sulphate, and titration of the excess of ferrous sulphate with 
potassium permanganate. This method has now been applied with ex- 
cellent results to the analysis of cerite and monazite sands, and has also 
been used, with certain modifications, for the determination of cerium $ 
in mantle ash, in connection with a colorimetric method for the latter 
now being worked out in this laboratory. The results on mantte ash 
are withheld until the completion of this method. 

The solutions required for the determination of cerium in cerite and 
monazite are: (i) A potassium permanganate solution, approximately 
N/ 40. It was found necessary to standardize this solution at least every 
two weeks, as it deteriorated slowly in spite of all precautions, presuma- 
bly owing to the extent of dilution. (2) A solution containing 10 grams 
of Mohr’s salt and 50 cc. of concentrated sulphuric acid per litex . This 
solution should be standardized every time it is used. The value of the 
permanganate in terms of iron, multiplied by 3.08415, gives its value 
in terms of Ce 0 2 (1910 at. wts.). 

In the case of the cerite, o 5 gram of the finely powdeied mineral was 
fused with potassium bisulphate, and the melt dissolved in about 350 
cc. of cold water acidulated with not more than 5 cc. of concentrated 
sulphuric acid. Care must be taken, in making the fusion, not to allow 
a ring of finely divided, undecomposed cerite to form on the side of the 
crucible around the top of the fused mass, otherwise fusion of the residue 
may be necessary. The solution must also be left in contact with the 
residue overnight, or until all basic salts which may have formed are dis- 
solved. 2 

The monazites (0.6 gram samples) were decomposed in the usual 
manner, by heating on a hot plate in small porcelain dishes with concen- 
trated sulphuric acid for at least six hours, the mixtures being stirred oc- 
c^aally. They were then carefully poured into about 350 cc. of ice- 
cSpwater and allowed to stand overnight, or until all basic salts had dis- 
solved, 

1 This Jot rnal, 31, 523. 

1 When these conditions have been carefully followed, further treatment of the 
residue is unnecessary, 
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The cerite and monazite solutions were then filtered, heated to boil- 
ing, and the rare earths precipitated by the addition of a large excess 
(100 cc. or more) of a saturated solution of oxalic acid. After standing 
overnight, the precipitated oxalates were filtered off and washed with a 
1 per cent, solution of oxalic acid. It had been expected that the sul- 
phuric acid solution of the sample could be treated directly wth sodium 
bismuthate without removal of impurities, but the separation of the 
rare earths as oxalates was found necessary owing to the discovery that 
manganese interfered, giving high results. Experiments now under way 
in this laboratory indicate that the manganese is held in solution ap- 
parently in the quadrivalent form, and a volumetric method for its de- 
termination is now being worked out. 

Three general methods suggested themselves for the treatment of the 
oxalate precipitate: 

1. It may be washed off the filter paper with water, dissolved with 
20 cc. of concentrated sulphuric acid, and, after the addition of 5 grams 
of ammonium sulphate and dilution to 100 cc., oxidized by means of 2 
grains of sodium bismuthate. This method was successfully used in 
analysis 5a, but could not be applied to 1, as it was found in one case 
that enough basic salts were precipitated to hold back some cerium, 
while in another case an excessive amount of bismuthate had to be used, 
resulting in a very heavy precipitation of basic salts. While this method 
cannot, in general, be recommended, it is believed that it will give satis- 
factory results when the precipitate of oxalates is small, and care is taken 
to avoid the introduction of organic matter from the filter paper, pref- 
erably by the use of hardened papers. 

2. The precipitate and paper may be transferred to a platinum cruci- 
ble and ignited, finally with a blast lamp. The mixed oxides are then 
warmed in the crucible for several hours with 10 cc. of concentrated sul- 
phuric acid, allowed to cool, and carefully poured into about 100 cc. of 
cold water. It was found that incomplete solution results, even on long 
standing, but on the addition of 10 cc. more of concentrated sulphuric 
acid, and subsequent evaporation on a hot plate, a clear, yellow solution 
is obtained. This is diluted to 100 cc., 2 grams of ammonium sulphate 
added, and oxidation effected by means of 1 gram of sodium bismuthate. 
This method was used with good results in analysis 9. 

3. The oxalates may be washed off the filter with hot water and con- 
verted to hydroxides by boiling with sodium hydroxide. The precipi- 
tate is filtered off, washed well with hot water, and dissolved through 
the filter by means of dilute sulphuric acid. The filtrate is diluted to 
100 cc. after adding enough sulphuric acid to bring the amount up to 
20 grams of the concentrated acid. Ammonium sulphate and sodium 
bismuthate are then added as in method 2. Method 3 was used for 
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all the analyses except those mentioned above. While not as rapid as 
method i, it was found to be entirely trustworthy, and in addition proved 
itself far more convenient and rapid than 2. It is therefore recom- 
mended as the best of the three methods. 

In all the determinations, after adding the sodium bismuthate, the 
solution was slowly brought to the boiling point, allowed to settle a 
moment, and then decanted from the residue through a gooch. The 
residue must be thoroughly washed with 2 per cent, sulphuric acid in order 
to remove all the cerium. The filtrate is then titrated with the ferrous 
sulphate solution until an excess has been run in, the excess being titra- 
ted back with the permanganate solution. 

Duplicate determinations were made on each sample with the follow- 
ing results: 


No. 

Material. 

Source. 

Percent CeOjj. 

ia ) 

. . . Cerite 

Unknown 

\ 22.08 

\ 21^97 , 

2a \ 

2b l 

Monazite 

Brazil 

i 28.60 

1 28.74 

3 ® l 

3 1> i " 

. . . Monazite 

Brazil 

\ 22*84 
\ 22.56 

40 1 

4 M ■' 

Monazite 

Brazil 

j 23.13 
\ 23 16 

5 ® ( 

sM 

Monazite 

Brazil 

S 23-93 
\ 24 01 

6a / 

6b l 

Monazite 

Brazil 

i 27 25 
l 27 09 

7a \ 

7 M 

Monazite 

Brazil 

1 24 31 
) 24.28 

8a I 

8b J 

Monazite 

North Carolina 

t 22.19 
\ 21 99 

9a \ 

9 M 

. . . . Monazite 

North Carolina 

S 22 -54 
l 22.49 

100 l 

10 b J 

Monazite 

North Carolina 

i 20.47 
l 20-55 


The above results show that the new volumetric method for cerium 
yields accurate results when applied to monazite and cerite. In addi- 
tion 'to its accuracy, the method recommends itself on account of jits 
ease of manipulation and its rapidity. 

Quantitative Laboratory. 

THE REACTION BETWEEN HYDRIODIC ACID AND BROMIC ACID 
IN THE PRESENCE OF A LARGE AMOUNT OF 
HYDROCHLORIC ACID. 

By D. L. Randall. 

Received March it, 1910. 

Andrews 1 has shown that when a solution of potassium iodide, strongly 
4 Xms Journal, 25, 756. 
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acidified with hydrochloric acid, is titrated with a standard solution of 
potassium iodate the reaction takes place according to the following 
equation : 

2KI 4- KI0 3 + 6HC1 - 3KCI 4- 3ICI 4- 3H 2 0 

When a small amount of chloroform is present the completion of the 
reaction can be very easily recognized by the fading of the violet color in 
the chloroform and the amount of iodide present accurately determined 
from the quantity of iodate used. Andrews also used this method for 
the determination o‘ free iodine, chlorates, chromates, arsenites and 
ferrous salts. 

At the summer meeting of the American Chemical Society, at Detroit, 
it was mentioned that very few uses were now made of bromates, in spite 
of the fact that the salts of bromic acid can easily be made in a condition 
of great purity. It seemed possible that potassium bromate might be 
substituted for the more expensive potassium iodate for the determina- 
tion of the iodides and the other substances worked upon by Andrews. 

Experiments were made in which standard potassium bromate solu- 
tion was added to potassium iodide in a solution that contained about 
fifty per cent, of strong hydrochloric acid, and it was soon found that a 
less amount of potassium bromate solution was used than that required 
by the equation 

2KI 4- KBr0 3 4 6I1C1 - 3KCI 4- 3H 2 0 4- 2ICI + BrCl. 

The amount of bromate used was almost exactly two-thirds the 
quantity required by the above equation. That seemed to indicate 
that three molecules of potassium iodide instead of two were oxidized by 
one molecule of bromate, so that the reaction probably goes as follows: 

* 3KI 4- KBrOg 4- 6HC1 = 4KCI 4- 3H 2 0 4- 2ICI 4 IBr. 

That the bromate and iodide act in this way is shown by the experi- 
ments in which the following .solutions were used: 

1. A standard solution of potassium bromate made by dissolving 
5.5673 grams of the recrystallized salt in one liter of water. 

2. An approximately tenth-normal solution of potassium iodide pre- 
pared by dissolving 16.607 grams of the commercial C. P. salt in a liter 
of water. 

3. An approximately tenth-normal solution of sodium thiosulphate. 

The sodium thiosulphate solution was standardized by treating a 

known amount of the standard bromate solution with two grams of 
potassium iodide and five cc. of concentrated hydrochloric acid and titra- 
ting the iodine set free with the thiosulphate. The strength of the potas- 
sium iodide solution was determined by treating 20 cc. of the iodide solu- 
tion in a distilling flask with an excess of ferric alum and 5 cc. of sulphuric 
acid (1:1) and distilling over the iodine set free into potassium 
iodide solution and titrating with the thiosulphate. 
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111 each of the following experiments 20 cc. of the potassium iodide 
solution in a 250 cc. glass-stoppered bottle were treated with different 
amounts of hydrochloric acid and five cc. of chloroform. The bromate 
solution was run in until, after violent shaking, the chloroform had lost 
its pink color. The results obtained are given in the following table: 


A. 


KI soln 

HCl (1 .1) 

H s O 

KBrOp, soln 

1 taken. 

I found. 


cc 

cc 

cc 

cc. 

Cram. 

Gram 

Error. 

20 

40 

O 

19.92 

O.2523 

O. 2530 

4 o 0007 

20 

30 

IO 

19.94 

O.2523 

O.2532 

4 - 0 . 0009 

20 

20 

20 

20 . OO 

0.2523 

O.2539 

+ 0 0016 



• 

B. 1 




KI soln 

Cone HCl. 

11*0. 

KBrO a soln. 

1 taken 

I found. 


cc 

CC 

CC 

cc 

Grain. 

CSiam 

Error. 

20 

40 

0 

i<) . 87 

0.2508 

6.2523 

4 -O.OOI 5 

20 

40 

0 

19.87 

0.2508 

O.2523 

4-o ooi| 

20 

40 

0 

19 81 

0. 2S08 

O. 2510 

4 0.0008 

20 

20 

20 

19.87 

0.2508 

O.2523 

j, 0 0015 

20 

30 

10 

19 - 90 

0.2508 

0.2527 

4 -o 0019 

20 

40 

0 

19.80 

0 2508 

O 2514 

40.0006 

20 

40 

0 

19.85 

0.2508 

O.25.M 

4o 0013 

20 

40 

0 

19.80 

0.2508 

O.2512, 

«l-o 0006 


In all cases a slight positive error could be observed, probably due to 
the fact that the end point was less sharp with the iodine and chloroform 
than with the' starch iodine indicator. 

If a bromide is substituted for an iodide, while a reaction takes place 
and the chloroform is colored, still complete bleaching is not obtained 
even by adding an excess of the bromate , so we cannot determine in this 
way what reaction takes place between bromides arid bromates in the 
presence of strong hydrochloric acid. With ferrous salts there’ is no 
coloration of the chloroform at all. 

Summary. 

This work has shown that like the iodate the bromate will oxidize the 
iodide, but the bromate is a more powerful oxidizer in that the bromine 
itself will react with one atom of iodine. Further, iodides may be easily 
and rapidly determined by titrating the iodide solution with standard 
bromate solution in the presence of twice its volume of hydrochloric acid. 

New Hampshire College, Durham, N. H„ 

March i, 1910. 

COMPOSITION OF SEA WATERS NEAR BEAUFORT, NORTH 

CAROLINA. 

Bv Alvin S. Wheeler. 

Received February 25, 1910. 

Clarke, in his “Data of Geochemistry,” reports no analyses of sea waters 
along the coasts of North America. Possibly no careful analyses have 
1 Solutions of different strengths than those used in A were taken. 
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been made. These analyses were undertaken owing to the increasing 
interest which biologists are taking in the chemical composition of sea 
water as a feature of the environment of sea life. The work was done 
during the summer of 1909 at the U. S. Biological Laboratory at Beau- 
fort, North Carolina, and for the U. S. Bureau of Fisheries. I wash to 
express here my thanks to the Commissioner of Fisheries, Mr. George M. 
Bowers, for his courtesy in permitting the publication of my report. 

Sodium and Potassium.- -The most careful investigation of sea water 
was made by Dittmar, reported in the “Report of the Scientific Results 
of the Exploring Voyage of H. M. S. Challenger, 1873-1876,” Vol. I, 
Physics and Chemistry. This work was not at ha#d when this investiga- 
tion was undertaken and the usual methods for determining sodium and 
potassium were adopted These are given in “Mineral Waters of the 
United States,” Bull. 91, Bureau of Chemistry, by J. H. Haywood 
and B. Ii. Smith. The determination of sodium came out low, the total 
bases being insufficient for the total acids. This experience is in agree- 
ment with the statement of Dittmar that “the routine method adopted 
in mineral salt analysis, 1. c., the elimination of lime and magnesia and 
subsequent joint determination of soda and potash as sulphates or muri- 
ates, would never give sufficiently precise results.” My determinations 
were therefore corrected by employing Ditlmar’s method of “total sul- 
phates.” Ten cubic centimeters of water were weighed out in a glass- 
stoppered weighing bottle and evaporated to dryness in a platinum 
dish with a small excess of sulphuric acid, a dilute solution of knowm 
strength being employed. After evaporation to dryness over steam, 
the residue w T as heated on a sand bath and finally ignited to dull redness 
to constant weight. The following figures show the value of the method. 
The values for sodium sulphate by the total sulphate method and by cal- 
culation from the determinations of the other constituents differed by 
two parts in a thousand. On the other hand, the values obtained ex- 
perimentally, after elimination of sulphuric acid, lime and magnesia, 
and by calculation Tom the determinations of the other constituents, 
differed anywhere from thirteen to thirty in a thousand. 

Calcium and Magnesium .-- Forty cubic centimeters of water were 
weighed out and transferred to a beaker. One cc. 5 N hydrochloric 
acid was added and the mixture boiled to expel carbon dioxide. After 
cooling, four cc. 5 N ammonium hydroxide and five cc. N/2 ammonium 
oxalate solution were added. The next day the supernatant liquid was 
decanted upon a filter, the residue redissolved in dilute hydrochloric 
acid and reprecipitated with ammonium hydroxide and a little ammonium 
oxalate solution. The following day the calcium oxalate was filtered 
upon the filter already used, washed with hot water and ignited in a 
platinum crucible to constant weight. The combined filtrates were 
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concentrated to a volume of 150 cc,, cooled, mixed with ten cc. normal 
disodium phosphate solution and ten cc. strong ammonium hydroxide. 
The next day the precipitate was filtered off, washed with dilute ammo- 
nium hydroxide and finally with water. It was ignited in an open platinum 
crucible. 

Chlorine . — Eight cc. sea water we e weighed out and transferred to a 
beaker. Titration was conducted with a standard solution of silver ni- 
trate (one cc. -= 0.003555 gram Cl), using potassium chromate as indi- 
cator. In order to better observe the change of tint, a standard of com- 
parison was made by precipitating a sodium chloride solution with ex- 
cess of silver nitrate -and re-establishing the yellow color with a little 
more salt. The silver nitrate solution was standardized by means of 
two samples of sodium chloride: 1. A sample labeled “Sodium Chlo- 
ride, C. P., Eimer and Amend” was dissolved in pure water and rjpre- 
cipitated with hydrochloric acid. It was filtered off, washed with water, 
and ignited. 2. A sample labeled “vSodium Chloride, C. P. Special. 
Baker’s Analyzed Chemicals.” The impurities were CaO = o box per 
cent., Fe — 0.0001 per cent., S 0 8 — 0.001 per cent. 

Sulphuric Acid . — To 25 cc. sea water, which had b?en weighed, were 
added, while hot, 2 cc. dilute hydrochloric acid and 3 cc. N barium chlo- 
ride solution. The next day the barium sulphate was filtered off , washed 
with hot water and ignited in a platinum crucible. 

Carbon Dioxide . — The determination of carbon dioxide was carried out 
by titrating 100 g. of water with 0.05 N hydrochloric acid, using phenol- * 
phthalein as indicator for normal carbonates and then methyl orange 
for bicarbonates. The results were checked by titrating with 0.05 N 
acid potassium sulphate as recommended by Cameron. 

Specific Gravities . — The specific gravities were determined by the use 
of a pycnometer of U-form. The temperature employed was that of the 
laboratory, in order to avoid the unusual condensation of moisture on 
the pycnometer if lower temperatures were used. 

The Waters . — Five samples of water were analyzed. The localities 
were marked upon a chart of Beaufort Harbor which accompanies my re- 
port to the Bureau of Fisheries: A. Taken in Beaufort Inlet. B. At the 
laboratory dock where water is taken for the laboratory aquaria. C. In 
Bogue Sound, opposite Moorehead, where Toxopneustes are abundant. D. 
At a point between the eastern end of Beaufort and Bird Island shoal. 
E. At Green Rock, in Newport river, near the entrance to Core Creek. 

The results are given below in four tables. Comparison is made with 
Dittmar’s results, Challenger water No, 924, a deep sea water, is given 
in three tables, because this is the only water whose composition is re- 
ported in parts per thousand of water* It does not, of course, represent 
the average. For example, the value for chlorine is 55.396 per cent, of 
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the total salts whereas the average for the 76 analyses is 55.420. Com- 
parison is also made with the analysis of a water mentioned in an article 
by Curt Herbst in Archiv fur Entimckdungs mechanik der Or gams - 
men , 5, 651. This water is from the Mediterranean sea below Naples, 
Italy. 

1 auus I — -Parts Per jooo Grams op Ska Water. 



A 

n 

c 

D. 

£ 

924. 

Herbst. 

Cl ... 

.19 { >° ( ) 

19 635 

19.767 

19.810 

17.571 

19.201 

21.137 

so 4 . 

• 2.754 

2 681 

2 . 699 

2 . 730 

2. 37 * 

2.673 

3-237 

CO,. 

. 0 132 

0 129 

O I29 

0. 129 

0. 129 

0.143 

6 . 080 1 

Na. . . 

11 .040 

10.968 

1 1 .022 

I 1 . 036 

9 771 

10 . 607 

11.936 

K .. , 

. 0 442 

0 3 X> 

0.394 

0.394 

0 . 368 

0.380 

0 . 409 

Ca . 

0 433 

0 429 

O 44O 

0.436 

0.392 

0.483 

0-473 

M g 

1 • 353 

I 301 

I 313 

I • 323 

1.177 

1. 301 

1.362 

Total.. 

. 36.072 

35 533 

35.767 

35.867 

31 786 

34.788 

38.634 


Tabu*: 

II. --Parts Per iooc 

Grams 

of Sea Water. 



a. 

b. 

c. 

D 

e. 

924. 

Herbst. 

NaCl 

. 28 043 

27 K36 

• 1 *977 

28.006 

24.796 

26 882 

30.292 

KCJ 

0.842 

0 742 

0 751 

O. 751 

0 702 

0.725 

0.779 

MgCl. . 

• 3-379 

3 -45 

3300 

3 335 

2 972 

3-413 

3.240 

MgvSO, . 

. . 2 417 

2 328 

2 . 320 

2.372 

2 062 

1-937 

2.638 

CaS0 4 • 

1 . 171 

1 . 1 68 

1 . 202 

1 188 

1.039 

1.591 

I 605 

CaC0 3 

0 220 

0.214 

0. 214 

0.215 

0 215 

0.240 

0.080* 

Total. 

36.072 

35.533 

35 767 

35 .S 67 

31.786 

34.788 

38.634 


Table III.- 

—Percentage op Total Salts, 




A . 

B 

c . 

D 

E Dittmar 4 

Herbst. 

Cl. . . 

55.191 

55 • 2 57 

55.270 

55.231 

55 . 28 o 

55.292 

54.7IO 

S0 4 

7-635 

7 546 

7-547 

7 612 

7.481 

7.692 

8.3K0 

co,. . 

. 0 366 

0 . 3^3 

0 361 

0 . 360 

O.405 

0. 207 

0.207* 

Na. .. 

30 630 

30.867 

30.818 

30.768 

30.741 

30.593 

30.894 

K.. . 

1 , 226 

1 . 098 

1 102 

1 . 099 

I . 157 

1 . 106 

I.059 

Ca. . 

I. 201 

1 . 208 

1.230 

1 .216 

I 233 

1.197 

I.224 

Mg.. .. 

3.751 

3.661 

3.672 

3 ‘ 7 i 4 

3-703 

3.725 

3‘526 

Total . 

100 per cent. 




Br 0.188 



Table IV.- 

—Percentage 01* Total Salts. 




A . 

B . 

c. 

D 

E . 

924 . 

Herbst 

NaCl .. 

• 77 743 

78.340 

78.229 

78.083 

78.010 

77.274 

78.408 

KCI . . 

• 2.334 

2.088 

2 . 100 

2 093 

2 . 208 

2.085 

2.016 

MgCl*. 

• 9-367 

9 . 132 

9.227 

9.300 

9 350 

9.8ll 

8.386 

MgSO*. . 

6 . 700 

6 551 

6.487 

6.612 

6.487 

5-569 

6.828 

CaS 0 4 . • 

• 3246 

3.287 

3-361 

3.313 

3 • 269 

4 572 

4.154 

CaC 0 3 . . 

.. 0.610 

0.602 

0 596 

0.599 

0.676 

0 . 689 

0.208* 


Total 100 per cent. 

Specific gravities at. 28.7° (corr.). 
1.0227 1.0222 1.0226 1.0227 1. 0193 

UNIVERSITY OF NORTH CAROLINA, 

Chapel Hill, N. C. 

1 The residue insoluble in water after evaporation to dryness. 

* Average of analyses of 77 Challenger waters. 

• Insoluble residue. 



650 


GENERAL, PHYSICAL AND INORGANIC. 



APPARATUS FOR DRYING FLASKS, ETC . 1 

By Charles Baskkrville and Krston Stevenson. 

Received February 19, 1910 

The frequent requirement in chemical work for dry flasks, bottles, 
test tubes, cylinders, beakers, etc., suggested the construction of a drying 
apparatus. Many forms of such an apparatus were devised, made, tried 
and found unsatisfactory. Then an electrical drier was constructed, 
about fifteen various forms were tried, and finally the form. as presented 
in this paper was adopted as .satisfactory. It is shown in Fig. i. 

The air enters the side tube A near the bottom, is heated by the red 
hot platinum wire B at the top of the apparatus, and the hot air which 
streams out dries the vessel which is placed over the top of the tube. 

The air, before entrance, should be dried and cleaned by passing 
through sulphuric acid, calcium chloride, and cotton wool, so that the 
flask is dried more quickly and is cleaner than if ordinary air from the 
laboratory or from pipes were used. Confpressed air 
the convenient source of the air, but a foot-bellows 
sufficient to operate the apparatus. 

A? The heating is done by means of platinum wire B, 
D wound around a porcelain tube C. If this platinum 
* wire were the same gauge throughout its entire length, 
L it would be dark at the bottom of the porcelain tube 
where the air first meets the platinum wire, dull red 
at the middle of the tube, white-hot at the top of the 
tube where the air which meets the platinum wire is 
already heated, and the length of wire which passes 
back through the center of the porcelain tube away 
from the air would fuse. This unequal heating, due 
to the different rates of radiation, can be avoided by 
constructing the heating wire by winding io inches 
of platinum wire of diameter 0.0115 inch around the 
lower part of the porcelain tube; 15 inches of diam- 
eter 0.013 inch around the middle and upper part of 
the tube; and 10 inches of diameter o. 14 inch around 
the top of the tube and back through the opening in 
the center of the tube. Also the windings are spaced 
unequally; the wires of diameter 0.0115 and 0.013 
are wound closely at the lower part and farther apart 
at the upper part of the porcelain (see Figs. 1 and 2). 
In this way there are about 19 turns of diameter 0.0115 
inch (seeZ)), 25 turns of 0.013 (E), and 4 turns of 0.014 
^F). By this arrangement, during use* the platinum 

l ^Read before the New York Section, American Chemical Society, Dec, 17, 1909. 
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coil glows wflh nearly uniform brightness throughout its length, so that 
the maximum efficiency is obtained with minimum weight of wire and 
minimum length of porcelain tube. 

The platinum wires are joined to each other autogenouslv (G,G) in the 
flame of the gas-oxygen blast lamp. The platinum 
wires are joined to the copper wires (N,S) autoge- 
nouslv in the flame of the air-gas blast lamp. 

These joints ( HJI ) are strong and neat. 

The porcelain tube C is 2^4 inches long, of diam- 
eter 0.15 inch, and has an opening through its 
center of 0.035 inch diameter. Into the hole at the 
top enters a platinum wire, j, which has at its top 
3 radiating platinum wires (the 4 wires are readily 
joined together at the same point in the flame of 
the gas-oxygen blast lamp). These wires reach out 
to the hard glass tube L and prevent the red hot 
platinum wires from touching and cracking the 
glass tube. The lower end of the porcelain tube is 
beveled and rests in the flared end of the soft glass 
tube K, which rests upon the bottom of the soft 
glass tube M and supports the porcelain tube. 

Through the tube K goes the copper wire N of 
diameter o 02 inch. This wire is sealed into the 
tube at O with blue enamel glass and presents a 
terminal at P. The external portion of the wire is 
wound around the tube several times in order to 
prevent breaking at O. The other coppe wire, S, 
is wound around the glass tube K, whereby short- 
circuiting with wire N is prevented. The other 
terminal is at R. These copper wires do not get hot 
and do not appreciably oxidize. 

The tip L is made of hard glass. It can be readily removed from the 
rest of the apparatus, disengaging it at the rubber tube T, so that broken 
tips can be replaced or other forms of tips can be substituted within a 
few seconds. The form of tip shown in Figs. 1 and 2 has six small 
holes at the top, which sprinkle the effluent air in every direction and 
is the best form for most uses, although various shapes can be made for 
special purposes. 

Between the terminals P and R there is a resistance of about 5 ohms, 
and a current of about 6 amperes is requisite to heat the platinum wire 
to bright redness, so that the apparatus operates with a 30-volt current. 
In order to cut down a no-volt current, about 50 cents worth of 'German 
silver wire, No. 22, will be sufficient. The entire length of the apparatus 
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is about 30 inches. It is supported by a clamp, £/, attached to an iron 
stand. Also attached to this stand is a ring, V, which supports the flask 
over the drier at an adjustible height. 

The temperature of the current of air at a distance of an inch from the 
tip is about ioo°. 

In the operation of the dryer, the precautions must be taken that in 
starting, the current of air should be turned on before the current of elec- 
tricity; and in stopping, the electricity should be turned oil before the air. 

The advantages of this form of drying apparatus are — 

1. The heat is supplied just before the air enters the flask, so that there 
is no time given for the air to cool off before it reaches the moisture. 

2. The air is both hot and dry, and is blown in all directions forcibly 
against the walls of the vessel which is to be dried, so that the operation 
is rapid. Furthermore, the temperature is not high enough to produce 
hysteresis of standard apparatus. 

3. There is no necessity for the use of alcohol and ether, linci the air 
which reaches the flask is free from dust, oil, etc., so that the flask is clean 
when it is dry. 

This apparatus has been in practical use several months in Ihe physical 
chemistry laboratories of the College of the City of New York, for drying 
bottles, flasks, test tubes, cylinders, beakers, etc., and has been found 
rapid, effective and convenient. This apparatus, apart from the ex- 
ternal resistance, may be ordered from Eimer & Amend, at a cost of about 
$6 . 00. 

Department of Chemistry. 

College of the City of New York. 


ANALYSIS OF SOME BOLIVIAN BRONZES . 1 

By Morris Loeh and S. R Morey 
R eceived February 26, 1910. 

Through the kindness of the authorities of the American Museum of 
Natural History, we were enabled to analyze portions of certain imple- 
ments collected in the region around Fake Titicaca. It will be seen that 
these metals differ remarkably in composition, and indicate the posses- 
sion of considerable metallurgical skill by the inhabitants of that region. 
The absence of the slightest traces of silver may be taken as a proof that 
the tin was derived from cassiterite, rather than native tin. The composi- 
tion of Specimen IV suggests its preparation from domeykite, or some 
other copper arsenide, fairly free from sulphur. Owing to the small 
mass of samples, which were drilled or cut from the specimens, the den- 
sity determinations, made with water in a pycnometer, are only approx- 
imate. In Specimen VI the porosity of the material undoubtedly oc- 
casioned a low result. Tin and copper were separated by potassium 
1 Paper read at the December meeting of the New York Section. 
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polysulphide.1 the former determined as stannic oxide and the latter 
electrolytigally. Arsenic was separated from copper by Crookes’ method, 
and sulphur was weighed as barium sulphate after oxidation with nitric 
acid in a sealed tube. 

I. Museum No. 1842. Small chisel or pinch-bar, 18 x i\/ H x x / 2 inches. 
Very tough. Density, 8 68. 

II. Museum No. B-1840. Implement 5-6 inches long, very hard and 
tough ; pale color. Density, 8 94. 

III. Museum No. 1959. Thick wide chisel 4 l / 2 inches long, tough but 
less hard. Density, 8 92. 

IV. Museum No. 1-859. Socketed spear-head, 12 inches long. Den- 
sity, 8.89. 

V. Museum No. 2413 F agment of pointed bar 6 inches long. Den- 
sity, 8.61. 

VI. Museum No. 1949. Small cast chisel; contained characteristic 
air holes or ‘‘pipes.” Apparently contained considerable oxide . Den- 
sity, 8. i8(?). 

Analysis. 



1 * 

II. 

in . 1 

IV. 

V* 

VI. 

Cu 

91 8 i 

90 51 

95 59 

97 43 

94 99 

91-43 

Sn. 

Pb . 

7 56 

8 9 -< 

4 4» 

tracc(?) 

4.98 

7-05 

Fe 

trace 

trace 

trace 

trace 


trace 

S 

As. 


trace 


little 

2 14 

53 



99 37 

99.43 

100.07 

99 57 

100 . 47 

98.48 


To this report may be added the record of an analysis, made in 1901, 
by Dr. A. 1 £. Hill with one of us, of a figurine found in Honduras. Color, 
pale yellow; density, 8.94-6. Cu 93.19, Sn 1.64, Pb 1 60, Fe 0.40 per 
cent. ; Au, Sb and Zn absent. 

New York, February, 1910. 

[Contributions from the Laboratory of Physical Chemistry, University of 

Illinois.] 

THE FUNDAMENTAL LAW FOR A GENERAL THEORY OF 

SOLUTIONS . 1 

By Edward W. Washburn. 

Received March 3, 1910. 

Nomenclature. 

C Volume concentration. 

# (1) Cp, (2) cp Molecular heat capacity of (1) a liquid, (2) a gas. 

1 Average of two conlplete analyses. 

* Average of three concordant analyses. 

1 Presented at the Second Decennial Celebration of Clark University, Worcester, 
Mass., September i6, 1909. 
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AC> 

(1) K C , (2) K k 


K S 

(x) Ls (2) (3) Lp 

( 1 ) N, (2) AT' 

(1) «. (2) n' 

P 

P 

Q , r 


R 

(1) T, (2) T f , (3) T 0 , 
( 4 ) Tb, ( 5 ) T Bo 


U 

(0 ». (2) V 


e 


Decrease in molecular heat capacity attending a change in 
state of aggregation. * 

Equilibrium constant in terms of (1) volume ccmcentrations, 
(2) mol fractions. (Products of the reaction in the denomi- 
nator.) 

Solubility product in terms of mol fractions. 

Molecular heat of (1) sublimation, (2) vaporization, (3) fusion 
(under constant external pressure). 

Mol fraction of (1) solvent, (2) solute. ^ 

Number of mols of (1) solvent, (2) solute. 

Gas or vapor pressure. 

External pressure on a liquid or solid. 

Heat evolved when the reaction aA -f £>B 4 * • • • • *= mM -f 
nN -f takes place from left to right in a solution 

under osmotic equilibrium. 

Gas constant. 

(1) Absolute temperature, (2) absolute temperature $>f the 
freezing point of a solution, (3) of the freezing point of the 
pure solvent, (4) of the boiling point of a solution, (5) of the 
boiling point of the pure solvent. 

Total energy decrease produced when the reaction a A -f bB + 

. . =» mM 4- »N 4- . . . takes place from left to right 

Molecular volume of (1) a gas, (2) a liquid. 

Osmotic pressure. 

Thermodynamic potential. 

Fugacity. 

Activity. 


I. The Development of the Modern Theory of Solutions. 

Upon the foundations laid by the labors of van’t Hoff and Arrhenius 
has arisen the structure which we know to-day as the Modern Theory of 
Solutions. Before van’t Hoff’s epoch-making discovery of the ther- 
modynamic relations which bind together the colligative properties 2 * of 
dilute solutions, our knowledge concerning these important quantities 
was confined to a set of apparently unconnected empirical laws. Van’t 
Hoff’s generalization of these laws, followed almost immediately by the 
Ionic Theory of Arrhenius, stimulated greatly the study of solutions and 
made possible the rapid development and perfection of our present theory. 
Investigation has, however, been confined chiefly to the domain of dilute 
solutions and the Modern Theory of Solutions has remained almost en- 
tirely a theory of dilute solutions. The reason for this is, I believe, due 
largely to one of those historical “accidents’ * which occur now and then 
in the development of science. The history of this “accident” and the 
manner in which it came about forms a chapter in physical chemistry of 
interest alike to the chemist and to the philosopher. 

Perhaps the best way to form a clear idea of the process of evolution 
of our present ’theory of solutions is to consider first the colligative prop- 
erties of solutions and the relations which connect them. These quan- 
tities — the osmotic pressure, vapor pressure, freezing point, boiling point, 
* Following Ostwald, the ' .n “colligative properties'* is used to embrace such 
properties as osmotic pressure, boiling point raising, freezing point lowering, vapor 
pressure lowering, etc. 
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etc. — have played such an important and vital part in the development of 
our solution theory that a clear idea of their relations to one another is 
absolutely essential to a proper understanding of the theory and of its 
development. The nature of these relations is expressed by the follow- 
ing statement : The colhgative properties of a solution are connected by a set of 
rigorous differential equations which involve no assumptions except the two 
laws of thermodynamics. The equations are as follows: 

(1) Osmotic Pressure and Freezing Point, 



(2) Vapor Pressure and Freezing Point, 



(3) Osmotic Pressure and Vapor Pressure, 

' d *-(~v) dp - (77) 

(4) Osmotic Pressure and Boiling Point, 



To these should be added a number of others, such as the relation be- 
tween the electromotive force of a concentration cell and either vapor 
pressure (74) or osmotic pressure (70), and (16 and 14) the mutual re- 
lations among the osmotic pressuies or vapor pressures of the constituents 
of a physical mixture or (30 and 30a) the substances concerned in a 
chemical equilibrium, etc. 3 While the following discussion applies with 
equal force to all of these relations, it will perhaps be conducive to clear- 
ness, if w T e confine our attention chiefly to the four relations given above. 

From the method of derivation of these relations, it is clear that they 
do not involve any assumptions regarding the concentration of the solu- 
tion, nor do they depend in any way upon the nature of the dissolved 
solute or its degree of association, dissociation, or solvation. I11 fact, if 
one knows, for example, the vapor pressure, freezing point lowering or 
boiling point raising for a solution of any nonvolatile solute, he has the 
means of calculating the osmotic pressure for the same temperature with- 
out knowing either the concentration of the solution or the nature of the 
solute. There may be one or several solutes present and they may as- 
sociate, dissociate, or unite with e;ich other or with the solvent in any 
manner and to any extent. These questions are in no way involved in 
the calculation. Since relations such as those existing among the collig- 
ative properties of a solution involve only the two law r s of thermody- 
namics, it will be convenient to refer to them as “ purely thermodynamic 
relations ,” to distinguish them from an important group of relations which 

8 The derivations of these relations and a more detailed discussion of them are 
given in a previous paper, “A Simple System of Thermodynamic Chemistry Based 
upon a Modification of the Method of Carnot" (This Journal, 32, 467 (1910)). For 
convenience in reference these equations are given the same number here as in the 
previous paper where the significance of the quantities appearing in the equations is 
explained in detail. 



6$6 


GENERAL, PHYSICAL AND INORGANIC. 


involve the composition of the solution and the nature of its components, 
and which we will now proceed to consider. *. 

Let us consider a solution of any solute A in any solvent B, and let our 
problem be to express each of the colligative properties of the solution 
as a function of its composition or its “concentration .’ 1 This problem 
can in general be solved only by direct experiment for the particular 
solvent and solute under consideration. From what has preceded, how- 
ever, it is evident that as soon as we know the relation between any one 
of the colligative properties and the composition of the solution, the other 
relations become thereby determined. If, for example, we determined 
the freezing point of the solution for a series of concentrations, we could 
calculate thermodynamically the osmotic pressure, the vapor pressure, 
etc., for the same concentrations and thus derive an equation connecting 
each of these quantities with the concentration. The colligative property 
which should be chosen for experimental study in a given case would 
depend upon the relative ease and accuracy with which the several quan- 
tities could be determined and the temperature range which it w$s desired 
to cover; also in some cases upon whether the requisite “caloric quan- 
tities ” 4 were known with sufficient accuracy or could be determined readily. 

The relation between any one of the colligative properties afid the con- 
centration of the solution for any given solvent and solute will obviously 
depend upon the degree of association, dissociation and solvation of the 
solute . 5 Since the magnitude of these effects and their dependence upon 
the concentration are in general unknown quantities, the problem is too 
complex for any complete solution. In general, therefore, it is necessary 
to make a separate investigation for every solvent and solute in order to 
establish the desired relation connecting some one of the colligative proper- 
ties with the concentration. To leave the problem in this condition, how- 
ever, is naturally not very satisfactory, and the course usually followed 
by science when confronted with a problem which is too complex is first 
to simplify the problem. Let us try to trace the process of simplification 
which has been followed by science in the present instance. 

Since association or dissociation of either solvent or solute molecules 
introduces complications, the first step in the process of simplification is 
obviously to consider the simple case of a solution in which neither takes 
place. Since the union of a portion or all of the solute molecules with 
the solvent molecules (solvation) is also a complicating factor, the next 
step in the process of simplification would naturally be to eliminate this 
factor also by assuming no solvation. After making these simplifications 
our problem would read as follows: * What are the relations connecting 
the colligative properties with the composition in the case of a solution 
in which the number of molecular species present is equal to the number 
of components ? 6 Let us call such a solution, provisionally, an “ideal 
solution,” postponing until later a more definite and accurate description 

. 4 Proposed by van der Waals to distinguish heat capacities, latent heats, heats of 
reaction, etc., from colligative properties. 

5 It is hardly necessary to remark that this statement tacitly assumes that the 
desired relation is to be one which involves the number of mols of the solute. 

• Fbr example, in the case of two components, a solvent and one solute, there 
would be only two different kinds of molecules; for a solvent and two solutes, only 
three different kinds of molecules, etc. 
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of the properties of the type of solution to which the term “ideal” should 
be applied. 

There is, however, another method by which the complicating factor 
of solvation can also be eliminated. Willard Gibbs, in his monumental 
work on thermodynamic chemistry, has taught us that the proper way 
to represent the composition of any phase is by the means of the mol 
fractions of its several components . 7 

Now in the case of a solution, the mol fraction of the solute (for ex- 
ample) will be altered if it becomes solvated on going into solution, owing 
to the consequent change in the number of solvent molecules. Such a 
complication can be eliminated from our problem, as explained above, 
by assuming no solvation; or it can be likewise eliminated by taking the 
solution sufficiently dilute. For, as the solution becomes more and more 
dilute, the limit approached by the rnol fraction of the solute is the same 
whether solvation occurs or not . 8 

Owing to an “historical accident” the latter method of eliminating the 
complication of solvation has been the one followed by science, instead of 
the former and more logical one. The “historical accident ” 9 in this 
instance w'as van’t Hoff’s brilliant discovery of the remarkably simple 
equation connecting osmotic pressure with temperature and concentration 
in very dilute solutions. Starting with this equation as a basis and using 
the principles of thermodynamics, he showed us how to construct a com- 
plete theory of dilute solutions. 

As the field of dilute solutions became more and more developed, both 
from the experimental and theoretical side, investigators began to turn 
their attention to the subject of concentrated solutions. Investigation 
in this direction has usually taken the direction of attempts to extend the 
osmotic pressure equation by the introduction of quantities corresponding 

7 This system has been consistently followed by all investigators who use systems 
of thermodynamics based upon Gibbs' thermodynamic potential. The reason that it 
has not been followed by others is because they have confined themselves to the region 
of dilute solutions, where it is possible to use one of the limiting forms approached by 
the mol fraction of the solute, as the concentration approaches zero. 

8 To illustrate, if we put w' rnols of a solute in n mols of a solvent and no solvation 


(or dissociation or association) occurs, then the mol fraction of the solute is • 

(tt' + ft) 

If, however, on the average x mols of solvent are combined with each mol of solute, 

tt ' *>' 

the mol fraction of the (solvated) solute is 


4. n . 


— --or 7- - As the 

■ n'x\ fw ( 1 — x) 4- tt] 


solution becomes more and more dilute, both expressions approach as their limit. 

tt 

This is the familiar ratio which appears in our boiling point and freezing point equations. 

, t fn'\ fRT\ 

In the case of our osmotic pressure equation, instead of writing it tt ^ - Jy y J* 

where V is the molecular volume of the solvent, it is customary to substitute V s ■» 
nV and write nV s «■ n'RT . Here again, if the solution is sufficiently dilute, it is ob- 
viously immaterial whether we understand V s to mean the volume of the solution or 
the volume of pure solvent in which the w/ mols of solute were dissolved in preparing 
the solution. ' 

•The expression, “historical accident/' is, of course, used in the philosophical 
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to the a and b of van der Waals’ condition equation for gases, upon the 
basis of kinetic conceptions derived from an assumed analogy between 
osmotic and gas pressure. Other investigators have sought to attribute 
all of the deviation of concentrated solutions from the equations of dilute 
solutions,’ to solvation, and have even gone so far as to compute on this 
basis the approximate degree of hydration in some very concentrated 
aqueous solutions, for example. Still other attempts have been taken in 
the direction of an extension of our present equations by the addition of 
a series of terms containing a number of constants intended to express 
the influence of the solute molecules upon one another and upon the 
solvent. 

Attempts to obtain a satisfactory theory of concentrated solutions in 
any of these directions give no promise of success. An attempt to “ex- 
plain” why, as a solution becomes more and more concentrated, it de- 
viates more and more from the equations of very dilute solutions is some- 
what analogous to an attempt to explain why the sine of angle, which 
for sufficiently small angles is equal to the angle, deviates more aid more 
as the angle grows larger. The reason is, of course, a purely mathematical 
one. Similarly in the case of solutions there is first of all a fmr^ly mathe- 
matical reason why concentrated solutions should deviate from the equa- 
tions of the infinitely dilute solution. The equations of dilute solutions 
are the limiting forms assumed by more general equations,, owing to the 
fact that certain terms become negligible as the concentration approaches 
zero. In other words we have in our dilute solution laws only a portion, 
the residue, so to speak, of a more general set of laws for solutions of all 
concentrations. Consequently before science can hope to make any 
progress in the region of concentrated solutions she must go back to the 
point where the simplifying assumption of a dilute solution was uncon- 
sciously introduced, and, in place of it, make the simplifying assumption 
of an “ideal solution” as we have defined it above. We come, therefore, to 
2. The Laws of the Ideal Solution. 

Owing to the simplicity of the thermodynamic treatment of solutions 
by what we may call the osmotic-cyclical-process method and the fact 
that it uses conceptions which are comparatively easy to grasp and pro- 
cesses which can be readily pictured in the mind, it has been the favorite 
system among physical chemists. The fact that the theories developed 
by the advocates of this method have been confined almost entirely to 
the domain of the dilute solution is not due to any inherent fault in the 
method. In addition to this method we have the systems of thermody- 
namics based upon the Gibbs thermodynamic potential and its related 
functions. These systems have been the favorite ones among physicists 
and those who by training and inclination were accustomed to the use of 
potential functions, and it is among the advocates of the thermodynamic 
potential that we find the first successful attempt to formulate a theory 
of solution which is free from the assumption that the solution must be 
dilute. 

This theory has been developed in Holland by van der Waals and his 
associates, especially by van Laar. The first attempt was made in 1893 
by Hondius Boldingh 10 in an Amsterdam Dissertation which so far as I 
10 Boldingh, “Pe Afwijkingen van de Wetten voor Verdunde Oplossingen. ,, Dis- 
sertation, AmsteiJnrn, 1893. 
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have been able to learn has never been published elsewhere. In the 
following year van Laar 11 published two papers in which he derived a set of 
“exact formulae for osmotic pressure, change in solubility, freezing point, 
boiling point, etc.” His results were expressed in a series of equations 
in which the concentration of the solution appeared in a term, ln(i-iV'), 
in which N' represents the mol fraction of the solute. The equations 
contained, in addition, an undetermined function of the molecular ther- 
modynamic potentials of the constituents. In numerous subsequent 
publications van Laar has advocated with great warmth and zeal, the 
use of the thermodynamic potential method and the introduction of the 
concentration of the solution into the equations by means of the expression 
ln(i-/V'), instead of assuming that the solution is dilute. Van Laar has 
in fact advocated a theory of solution which is entirely free from the 
assumption that the solution must be dilute. The foundations for this 
theory have existed in the literature for the last fifteen years. If it occurs 
to any one to wonder why the theory has not come into general use in the 
chemical world, he has only to glance through some of van Laar’s papers, 
especially his earlier ones, and the reason will be more or less obvious. 

It is my present purpose to free this theory from the language of the 
thermodynamic potential and to develop it in the so-called “osmotic 
language .” 12 Stated in this language, our problem is to determine the 
functional relation between some one of the colligative properties of the 
solution and its concentration in the case of an ideal solution. Theoreti- 
cally we can start with any one of the colligative properties we choose, but 
since our present theory of dilute solutions is usually assumed to start 
with the osmotic-pressure-concentration relation, it will perhaps be more 
interesting to develop our theory of the ideal solution from the same 
standpoint 

Let us, therefore, turn to the equation which expresses the osmotic 
pressure 18 for a very dilute solution : 


tt'RT n'RT 
~V S ~ ~ nV 


(100) 


In this equation, n' is the number of mols of solute in n mols of solvent 
and V is the molecular volume of the pure liquid solvent. Let us now 
make use of the method, introduced by Willard Gibbs, of expressing the 
composition of the solution by means of the equation N r -f N = i,[ where 
N' is the mol fraction of the solute and N that of the solvent. The 


above equation can now be written : 



11 van Laar, Z. physik. Chem 15, 457 (1894). 

12 The "‘language of the colligative properties” would be a better term. Too 
much importance is usually ascribed to osmotic pressure in our solution theory. 

1S Throughout this paper, we shall understand by the term “osmotic pressure,” 
the pressure difference n as defined by the equation n » P — P A , where P A is the 
pressure upon the pure liquid solvent A when it is in equilibrium (through a membrane 
or medium permeable only to itself) with the solution under the constant pressure P. 
This has been discussed more fully in the previous paper (This Journal, 32, 478 (1910)). 
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We have long recognized the fact that our osmotic pressure equation 
expresses strictly only the limit approached by the osmotic pressure as 
the concentration of the solution approaches zero. Let us therefore 
write the equation itself so that it will indicate this fact. This gives us 



(102) 


Seeing the equation in this form it is natural to suspect that the real 
relation might possibly be 

or since by definition — dN ' = dN, 

dr. y l 11 ( io 4) 


Stated in words, this means that not only would the addition of dN' mols 
of solute to a pure solvent involve an increase (?’. e. % from o to A;r) of 
osmotic pressure which satisfies equation (104) but that it would also 
involve the same increase in osmotic pressure when added to a solution 
whose osmotic pressure is n. If such proves to be the cas£ (apd we shall 
see that in many cases, at least, it does), our Modern Theory of Solutions 
has remained a theory of infinitely dilute solutions, because we have 
failed to recognize the fact that we have been working with true differen- 
tial equations, and that in order to obtain the “theory of concentrated 
solutions” which we have been seeking, the only thing we needed to do was 
to integrate our equations. 

In the case of osmotic pressure, for example, if we integrate equation 
(104), we shall obtain an equation which contains no assumption whatever 
regarding the concentration. The solution may be infinitely dilute or 
infinitely concentrated or may have any concentration between these 
limits. In order to do this we have only to put V — V 0 (i f an), where 
Vo is the molecular volume of the pure solvent under the standard pres- 
sure P and a is its coefficient of compressibility, and on integration we 
obtain the Boldingh-van Laar 14 equation for osmotic pressure : 

j^ r p\ 

J In (1 — N') (105) 


14 The history of this equation (105) is very interesting. The differential form 
as expressed by equation (104) was obtained by van der Waals as early as 1890 (Z. 
physik . Client ., 5, 163) but ho attempt was made to integrate it, only the case of dilute 
solutions being discussed, for which case it assumes the form of equation (102) or 
(100) . In 1893 Hondius Boldingh, a student of van der Waals, making use of the 
thermodynamic potential of Gibbs, derived equation (105) in the following form (Diss., 
Amsterdam, 1893, p 57): 

nV 0 - — RT In (1 — N') 4- aN' 

This differs from equation (105) as we have obtained it above, only in the fact that 
the compressibility of the liqhid is neglected and a small correction term aN' is added, 
a being a quantity which, according to the molecular theory of van der Waals, expresses 
the mutual influence of the components of the solution upon each other. For “ideal 
solutions’' it is negligible. 

Boldingh apparently made no attempt to apply his equation. The same equation 
was obtained the following year by van Laar {hoc. cit.) and in numerous publications 
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Having tome to the conclusion that the integral of equation (104) should 
represent the osmotic pressure for an “ideal solution,” whatever its con- 
centration, we naturally seek for experimental confirmation before adopt- 
ing it finally. 15 Owing to the great difficulty of making accurate and 


since then, this investigator has given various derivations of this equation usually by 
methods involving the thermodynamic potential (cf., however, note 15). In 1897 
an osmotic pressure equation in its essential points practically identical with equation 
(105) was derived by Willard Gibbs (Nature, 60, 461 (1897)) by a method of balanced 
columns. Finally G. N. Lewis, in a recent paper (This Journal, 30, 675 (1908)), has 
obtained equation (105) by a derivation involving his “activity” function and based 
upon the assumption that the “activity” of the solvent is proportional to its mol 
fraction. Both van Laar (Pror. Acad. Sci., Amsterdam, 9, 55 (1906)) and Lewis 
(Loc. cti.) have discussed the relation of this equation to the van’t Hoff equation and 
have made comparisons of the values of osmotic pressure given by it with those obtained 
by Morse and Frazer by direct measurement, in the case of aqueous solutions. 

“ In view of the fact that the van’t Hoff equation for osmotic pressure is usually 
regarded as derivable from the kinetic theory by methods analogous to those used in 
the kinetic derivation of the peifect gas laws (that is, on the assumption that osmotic 
pressure is caused by the molecular bombardment of the solute molecules), it may 
not be without interest to include here a brief kinetic derivation of the differential 
form of equation (105). For this purpose I shall modify slightly the derivation given 
by van Laar (Seeks V or tr age, p. 20). 

Consider two solutions of the same solute in the same solvent, both under the ex- 
ternal pressure P and separated from each other by a membrane permeable only to the 
molecules of the solvent. According to a theorem of. Boltzmann, the number of solvent 
molecules which diffuse per second through a unit surface of the membrane in the 
two directions is given by the expressions: 

(a) From the weaker solution to the stronger, 

A+PV W 

(107) 

(b) From the stronger solution to the weaker, 

*+PV s 


n s « (r — N' s )e RT ' (108) 

In these equations e is the base of natural logarithms, N' w and N' s are the mol frac- 
tions of solute in the weaker and the stronger solutions respectively, V is the volume 
of the solution, R the gas constant, T the absolute temperature and X a quantity 
which is a function of the temperature and which depends upon the units of measure- 
ment. By adjusting the pressure on the two solutions we can make the number of 
molecules of solvent which pass in the two directions equal ; in other words the two solu- 
tions will be in equilibrium as respects the passage of the solvent from one to the 
other. Under these conditions the right-hand members of the above equations can be 
placed equal to each other, giving us the equation: 

l+P w V w 1 +PfVs (109) 

(1 - N' w )e rt - (/ — N' s )e ~Rf~~ K 

Let us now impose the condition that the “weaker solution” shall be the pure 
solvent and that the “stronger solution” shall be an infinitely dilute solution in this 
solvent and shall be under an external pressure P. Under these conditions the above 
equation assumes the form 

u+iP+dTcm e u\pv) ( IIO ) 


e 

(HPV) 

Dividing through by e rt 


rt - (1 — dN f )e r T 
and using the logarithmic instead of the exponential 
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reliabie osmotic pressure measurements, it would be an unnecessary 
waste of time and effort to seek experimental confirmation in this direc- 
tion, especially as the equation can be tested just as satisfactorily by means 
of its thermodynamic derivatives. Of these we will consider first, the 
vapor pressure derivative. The thermodynamic relation connecting 
osmotic pressure and vapor pressure is 

nomenclature, we obtain equation (104): 

dx «■ ^ d In (1 — N') (104) 

After giving a kinetic derivation for equation (105), van Laar follows it with what 
he terms a "rein thermodynamischer" proof. Such a proof is of course impossible, 
if by "purely thermodynamic" we are to understand that the equation can be shown 
to be a necessary consequence of the two laws of thermodynamics and nothing else. 
In his papers on the subject, van Laar does not distinguish carefully between purely 
thermodynamic relations and relations which involve additional assumptions. This 
makes it difficult for the reader, who has not had considerable experience in the use of 
the thermodynamic potential, to appreciate just what assumptions he is making and 
what grounds he has for making them. Van Laar also falls into the eifror qf attributing 
the failure of the modern theory of solutions in the region of concentrated solutions, 
to an inherent weakness in the osmotic method which he condemns severely, at the 
same time advocating with great zeal the thermodynamic potential asjthe only quantity 
which is in a position to completely solve the problem ( Seeks Vortr&gc, p. 19). 
This point of view is absolutely unjustified and is doubtless partially responsible for 
the fact that the many excellent and valuable features of this investigator's contribu- 
tions to this problem have not received from the chemical world the consideration 
which they deserve. Whether we should adopt a system of thermodynamic chemistry 
based upon the entropy function (as worked out by Horstmann), or upon one of the 
thermodynamic potentials of Gibbs or Planck, or upon the “fugacity" and "activity" 
as defined by Lewis or upon the "osmotic pressure" and its related eolligative properties, 
is largely a philosophical question in which the personal equation is an important 
factor. The "best" system from one point of view is not the "best" from another, 
and instead of adopting one of these systems and severely condemning the others, we 
should rather rejoice that the problems of our science are being attacked from these 
different points of view. All of these systems rest upon the common ground of the 
first and second laws of thermodynamics and any chemical problem which can be 
solved in terms of one of them can be solved in terms of all. I cannot therefore agree 
with van Laar, that the so-called "osmotic" system "lauft auf seinen letzen Beinen" 
and "nach wenige Jahre wird abgereist sein." 

Van Laar also attacks the so-called "gas theory" of solutions, that is, the theory 
that what we call "osmotic pressure" is a real pressure which exists within an isolated 
solution due to a molecular bombardment by the solute molecules. On this question, 
I sympathize largely with van Laar’s point of view. His exposition of the difficulties 
in the way of such a theory is clear and convincing and 1 shall not, therefore, attempt 
any further discussion of the question at this time. In this connection, however, it 
is interesting tO ( recall the views held by Willard Gibbs upon this point. In speaking 
(Loc. cit.) of the osmotic pressure in the case of a solution A, containing a solute, D, 
he says: 

"But we must not suppose in any literal sense, that this difference of pressure 
represents the part of the pressure in A which is exerted by the D-molecules, for that 
would make the total pressure calculable by the law of Boyle and Charles." 
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dn =* 



( 77 ) 


Combining this with equation (104) so as to eliminate n we obtain 


Vdp - RTdXnN. 

If the vapor can be regarded as a perfect gas we can put v 
obtain 


(in) 
RT 
P 


and 


d In p = din N (1x2) 

which on integration gives 

P = PoR (1 13) 

where p Q , the integration constant, is the vapor pressure of the pure 
solvent. Since the terms solvent and solute are quite arbitrary, we can 
state therefore in general that the partial vapor pressure of any constitu- 
ent of an “ideal solution” is proportional to its mol fraction, if the vapor 
obeys Hoyle’s law. We have therefore in equation (113) an excellent 
means of testing our fundamental osmotic equation. 

The next question which confronts us is, where are we to look for 
solutions whose characteristics approach most closely those which we 
have assumed for our “ideal solution,” or in other words where can we 
find solutions foi which we have reason to believe that we know the mol 
fractions of the constituents in the solution? Our attention is naturally 
directed towards mixtures of the so-called “normal” liquids of which 
many examples are to be found among the hydrocarbons of the benzene 
series and their substitution products. These liquids possess the property 
of mixing with each other in all proportions, the process of solution being 
accompanied by little if any heat effects or volume changes, such as 
would, in general, necessarily occur, if the process of solution were ac- 
companied by chemical reactions such as solvation or changes in the de- 
gree of association or dissociation of any of the components. In general 
the physical properties of these solutions are additive with respect to the 
constituents. This behavior is, however, just what we should expect 
in the case of the “ideal solution” which we have assumed. We may 
therefore expect to find experimental confirmation of our osmotic pressure 
equation in the case of these solutions. Fortunately data are at hand 
in the vapor pressure measurements of Zawidski and others. These data 
show most conclusively that equation (113) expresses the partial vapor 
pressure for both constituents throughout the total concentration range 
from zero to infinity for some dozen or fifteen different mixtures. 10 Freez- 


18 The mixtures which obey this vapor pressure law are as follows: 

(1) CO a — CHjjCl; (2) C t ll u - -C g H ls ; (3) C a H 4 Cl 2 -C e H fl ; (3) C 2 H 4 Br 2 — C 8 H e Br 1 ; 
(2) CH3OH- — C 2 H a OH ; (2) CH a COOC a H 6 — C 2 H fl COOC 2 H B ; (2) C e H e —C # H 6 CH, ; (4) 
C 6 H 8 — C fl H fi Cl; (4) C a H fl C fl H 6 Br; (2) C 6 H 6 CH 3 -C 6 H fi C a H 6 ; (4) C a H fi CH 8 -C 6 H 5 Cl; 
(4) C e H a CH a C 0 H a Br ; (2) C 0 H 5 Cl--C 8 H fi Br. 

References: 

* 1 Kuenen, Z . physik. Chem., 11, 38 (1893). 

2 Young, J. Chem. Soc ., 81, 768; 83, 68 (1903). 

• von Zawidski, Z. physik . Chem., 35, 129 (1900). 

4 Linebarger, This Journal, 17, 615, 690 (1895), 

This experimental confirmation of the theory of the ideal or “perfect” solution 
was pointed out in a recent paper by G. N. Lewis (Loc. cit.) who has computed some 
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ing point data furnish additional confirmation of the correctness of our 
fundamental equation. Van Laar finds, for example, that the “freezing 
point’ ’ curve for solutions of mercury in tin, throughout its entire range 
(from t = 232 0 C., N' = o to t ~ —19°, N' = 0.9964), is satisfactorily 
represented by an equation which rests on the same basis as our funda- 
mental osmotic pressure equation. 

This perfect experimental confirmation, combined with the light which 
is thrown upon the subject by the historical criticism, constitutes a most 
convincing array of evidence in favor of the adoption of the Theory of the 
Ideal Solution, as the best provisional General Theory of Solution. Before 
turning to a more ^detailed consideration of the equations of the Ideal 
Solution, let us state clearly the general characteristics of such a solution. 

They are as follows: 

I. The number of molecular species present is equal to the number of 
components. 

II. The physical properties of the solution are connected with the physi- 
cal properties of its components in the pure state by the equation 1 

\ - xN + %'N' 4- x"N" + (1 14) 

in which X is the molecular property in question ( e . g., molecular heat 
capacity, molecular volume, molecular refraction, molecular internal 
energy, etc.), x (x\ x", etc.) the molecular property of a constituent in 
the pure state and N (N\ N ", etc.) its mol fraction in the solution. 

III. The third and most important characteristic is that which describes 
the thermodynamic relations. The manner of stating this characteristic 
depends upon what system of thermodynamics one chooses to make use 
of. I shall therefore state it in three different “languages.” 

(a) The Gibbs Thermodynamic Potential System. — According to van 
Laar the thermodynamic characteristics of the “ideal solution” are ex- 
pressed by the equation 

ft ** fio 4- RT In N (us) 

in which fi is the molecular thermodynamic potential of a constituent in 
the solution, the molecular thermodynamic potential of the same 
constituent in the pure state and N its mol fraction in the solution. 

( b ) The Fugacity- Activity System of Lewis. — Lewis uses a system of 
thermodynamic chemistry based upon two quantities, the “fugacity” 
<j > , and the “activity” £, whose relation to each other is expressed by the 
equation 

<[) = ZRT (116) 

and which are connected with the thermodynamic potential by the equa- 
tion 

fx ■* C 4* RT\n<j> (117) 

where C is a function of the temperature only. According to Lewis 
the “perfect solution” is defined by the equation 

£ £0 N ( T 18) 

or what amounts to the same thing, 

4 > = <J>oN. (119) 

That van Laar’s and Lewis’ methods of describing the “ideal” or “perfect” 
solution are identical is made evident by writing equation (1 19) in the form 
RT\tuJ> = Z? 71 n^o + RTlnN, (120) 

tables which exhibit in a very striking manner the excellent agreement of equation 
(105) with the experimental data, even in the most concentrated solutions. 
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and combining it with equation (117) when we obtain at once equation 
(” 5 )- 

(c) The Colligative Property System or the So-called Osmotic System . — 
According to this system, the relation between the colligative properties 
of the Ideal Solution and its composition is expressed by a set of equations 
which is composed of the equation 

dn = ^ y (104) 

and its thermodynamic derivatives. 17 

Having established fundamental equations for the Ideal Solution, let 
us now derive a set of equations for such a solution similar to our present 
equations for dilute solutions, but free from any assumptions as to the 
concentration of the solution. In deriving such a set of equations we could 
start cither with our osmotic pressure equation (104) or the vapor pressure 
derivative (112). In either case we should obtain the same set of equa- 
tions. There is not much reason for choosing one of these equations 
rather than the other as a starting point. Each possesses certain ad- 
vantages for this purpose. In the following derivations, however, I shall 
start with the osmotic pressure equation (104) in each case. This pro- 
cedure wall allow of direct comparison with our corresponding derivations 
for dilute solutions and it moreover avoids the necessity of using the 
gaseous phase in the derivation of a relation which is independent of the 
properties of the vapor. The procedure for obtaining our set of equations 
is very simple. In each instance, it consists simply in combining equation 
( 104) with the proper purely thermodynamic relation and then integrating 
the result. The purely thermodynamic relations have all been obtained 
by the author in the previous publication 3 to which the reader is referred 
for their derivation. For convenience in reference these equations will 
be designated by the same numbers as in the preceding publication. All 
numbers below 100 refer to the previous paper. 

3. Vapor Pressure. 

We have already derived this equation for which the integrated form 
is 

P = PoN ( 1 13 ) 

where p is the partial vapor pressure of any molecular species from an 
ideal solution in which its mol fraction is N } and p 0 is its vapor pressure 
in the pure liquid state at the same temperature. For a single non- 
volatile solute w r hose mol fraction is N' this can also be written in the form 


A P 
Po 


N' 


(121) 


( n + n')' 

If in a mixture of say two liquids, polymerization of one or both con- 
stituents, or chemical combination between them occurs, we can obviously 


17 Regarding the general characteristics of the Ideal Solution as stated above, it 
should be noted that although in general the absence of heat effects or volume changes 
on mixing two liquids may be taken as evidence for the absence of accompanying 
chemical reactions, the reverse is not necessarily the case. Heat effects and volume 
changes may and doubtless do occur in the absence of any chemical reaction, although 
in such a case the heat effect will in the majority of cases be of quite a different order 
of magnitude from that which is caused by a chemical reaction. 
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make use of equation (113) to determine the exact nature and extent of 
these processes if we know the necessary partial vapor pressure data. 
Derivatives of equation (113) for special cases of association and of chemi- 
cal combination have been applied recently with considerable success 
by Ikeda 18 and by Dolezalek 19 to the elucidation of the chemical condition 
of several pure liquids and of their mixtures. The accumulation of 
accurate and reliable vapor pressure data is of the highest importance to 
a clearer and more complete knowledge of the nature of solutions. For 
reasons which I have stated elsewhere, 21 the vapor pressure equation is 
the relation best adapted to serve as a basis for the experimental attack 
on the problem of concentrated solutions. 

4. The Freezing Point Equation. 

If we combine the purely thermodynamic equation 

( — dTp 


dn- 

with our fundamental equation 

dn = 


c 


V ) 7 > 


)d\nN 


(82) 


(104) 


(=F> 

so as to eliminate n, we obtain the desired equation 20 

For very dilute solutions, we can of course substitute the freezing point 


lowering Atp in place of — dTp and - in place of 


dN ' 


x xr and obtain the 

n x N 

familiar law of Raoult-van’t Hoff for freezing point lowering in dilute 

solution : 




(124) 


It is preferable, however, to integrate our differential equation and 
thus obtain a general equation for an ideal .solution of any concentration. 
Before doing this we will substitute in equation (122) 

T 0 ~ Alp - Tp , i — N'-N and — d(Atp) * dTp 
where A tp is the freezing point lowering in centigrade degrees and T 0 
is the freezing point of the pure .solvent on the absolute scale. This gives 
us 

dW Lp(i — N') 

d( A t F ) “ R(T 0 — A i F )> (I25) 

In order to integrate, we must first express Lp as a function of A tp which 
is done by the following purely thermodynamic equation: 

Lp — Lp 0 — ACp 0 Atp — Va a( Atp ) 8 — y 3 /?( Atp)* — . . (85) 

,s Ikeda, J. Coll . Sci. Imp. Univ . Tokyo , 25, Art. 10 (1908). 

19 Dolezalek, Z. physik. Chem ., 64, 730 (1908) ; see also Mdller, Ibid., 69, 449 (1909), 

80 This eqnation was obtained by Boldingh ( Loc . cti., p. 61) in the following form: 


( L r) (fj) ”[(T-~iv') + 2aiV '] 


dN' 


where a has the meaning explained in note (14). 
under the assumption that Lp is independent of T. 


(123) 

Boldingh integrated his equation 
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(126) 


In this equation L Fo is the molecular heat of fusion of the pure solvent 
at its freezing point T 0i ACp 0 is the attendant decrease in the heat capacity 
of the system and <*, /?, etc., are constants expressing the dependence of 
A C P upon the temperature. Combining (85) with (125) we obtain finally 
(neglecting /?) : 

dN' \L Fo — A C Po — v M A *F) *}(* — N') 
d(At F )~ R(T 0 — Af F ) 2 

This equation can now be integrated. A convenient way to do this 
is to integrate into a power scries in the desired variable by applying 
McLaurin’s theorem directly to the differential equation, carrying the 
series only so far as the accuracy of the experimental data warrant for 
the particular case under consideration. For example, in the case of 
water solutions if A t F be known to 0.001 °, then for values of A t F which 
do not exceed 7 0 , the terms containing «, /?, etc., are negligible and 
the application of McLaurin’s theorem gives us the equations 21 


and 


the remaining terms in the expansion not being significant. 

If we desire to follow a freezing point curve through a considerable 
range of temperature, the general integral of equation (126) is more ad- 
vantageous. The general integral is 

R In (j — N') = (A C Po + n T 0 . ) In (r °~- * <f) — 

* o 

[L Fo — ( ACp 0 4* (*T 0 ) AtpK-h */,« A// 2 ] L Fo 

(T.-4W ' ; + TV <l29 

Equations of this general character have been derived by several ob- 
servers 22 and the corresponding theoretical curves have been compared 
with the experimental curves for a number of systems with good agreement. 
In these comparisons, however, the constants of the theoretical equation 
have been evaluated from the freezing point data themselves, so that 
the agreement loses a good deal of its significance. 

5. The Boiling Point Equation. 

By combining the purely thermodynamic equation 


N’ - f 

~ . . , , / 1-Fo A C Po 

F ~ ~ '‘\RTo i+ Lf„ 

-f) <*">•] 

(127) 

RT 0 »i 

«* y 

L Fo 

L ' 1 ' Fa 

■ 

(128) 


dn '■ 




(90) 


21 The application of equation (127) to the data for aqueous solutions and the 
interpretation of the results obtained have been discussed by the author in a previous 
paper (' Technology Quarterly , 21, 370 (1908)). This application was made on the 
assumption that the molecular weight of liquid water is 18. Although the results ob- 
tained on this assumption were fairly satisfactory up to a concentration of 1 xnolal, it 
is dear that a complete study of the behavior of aqueous solutions from the stand- 
point of the laws of the Ideal Solution must take into account the degree of associa- 
tion of the solvent. Further investigations along this line are now in progress in 
this laboratory. 

22 e. g„ van Laar {Vet si. K. Akad. van Wet. } Amsterdam, 1903 and 1904; several 
papers) Roozeboom {“Die Heterogene Glcichgewicht,*’ 2, 267 et, seq.), and Yamamota 
(J. Coil. Set. Imp. Univ. Tokyo , 25, Art. 11 (1908)). 
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with equation (104) so as to eliminate n we obtain the desired equation 


which for very dilute solutions takes the familiar form 


(MO 


In order to integrate the differential equation (130) we have only to ex- 
press Lv as a function of the temperature. The First Law of Thermo- 
dynamics gives us the rigorous equation 


dU 

dT 


? .c,-C P + £-£)(£), 


(132) 


by means of which we can calculate the temperature coefficient of L*. 
If the vapor behaves as a perfect gas this equation becomes 


dU 

dT 


A C P 


(133) 


and the methods of integration of equation (130) become perfectly analo- 
gous in every respect to those followed in the case of the freezing point 
equation in the preceding section. It is not necessary therefore to discuss 
them in detail. The final equations have the same form as the corre- 
sponding ones for the freezing point lowering. 

6. Chemical Equilibrium. 


Two examples will be sufficient to illustrate the method of derivation 
of the laws which regulate chemical equilibrium in the ideal solution. 
Let the equilibrium be expressed by the equation : 

aA + &B 4 - . . . «M 4 wN -f . . (134) 

(a) The Effect of Concentration . — The purely thermodynamic equation 
for the effect of concentration upon chemical equilibrium in a liquid phase 
at constant temperature and pressure is 


— al^A^A — bV^ditn — .. . *f mV hidrz m 4 - 4 * • “ o. (’30a) 

According to equation (104) the osmotic pressure for each substance 
taking part in the equilibrium is 


Vxd*x 1 ®“ — RTdlnNx* 

Combining these two equations we obtain the relation 




- - ~k n 

rrn 




(135) 


(136) 


where K*? is a constant. This expression differs from the Guldberg- 
Waage Law only in the substitution of the mol fraction N , in place of 
the volume concentration C. Equation (136) was obtained by Planck 38 as 
early as 1887, and the reasons for adopting it in place (A the Guldberg- 
Waage form and for expressing the composition of solutions in terms 
of mol fractions instead of mols per liter were clearly stated by him at the 
same time. , 

(b) The Effect of Temperature . — The purely thermodynamic relation is 

C? dT 

< — aV^drc^ — bV #dK% — . . 4- mV i/idnyi 4- - . (38a) 

** Planck, Wied. Ann 32, 489 (1887). 
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Combining this with equations (136) and (135) and introducing the First 
Law of Thermodynamics we obtain the equation 


din K n _ u 

dT ” RT 2 


(* 37 ) 


which is identical with the van’t Hoff Law, with the substitution of K# 
in place of the Guldberg-Waage constant Kc. In general it may be 
stated that the laws for chemical equilibrium in an ideal solution may 
be obtained from our present dilute solution laws by substituting mol 
fractions in place of volume concentrations. This applies also to hetero- 
geneous equilibrium. The Solubility Product Law, for example, for a 
saturated solution of the solute BC which dissociates into B and C be- 
comes 24 


NrfN c ~ const, = Ks> 


( 138 ) 


7, Concluding Discussion. 

Lest any one from the perusal of the foregoing pages should gain the 
impression that the problem of a satisfactory general theory of solutions 
may be regarded as completely solved, it will be well to examine for a 
moment, in a general way, the characteristics of the Theory of the Ideal 
Solution with respect to its advantages and disadvantages when regarded 
as the basis for a general theory of solutions. When compared with the 
Theory of Dilute Solutions we must acknowledge that it constitutes a 
distinct and decided step forward. One requirement of a satisfactory 
general theory of solutions is that it shall represent the facts throughout 
the whole range of concentrations for some type of solution, at least. 
This requirement is fulfilled by the Theory of the Ideal Solution and we 
may feel considerable certainty that any deviation from the requirements 
of this theory, in a given case, is due to physical or chemical causes and 
capable of a physical or chemical explanation and is not simply the result 
of attempting to apply a set of incomplete laws which do not and could 
not be expected to hold for any kind of a concentrated solution no matter 
how simple its character. 

The success of the Theory of the Ideal Solution as an instrument for 
throwing light upon the processes occurring in solutions has already been 
demonstrated in several instances. In the case of several solutions which 
apparently exhibit a behavior contrary to the requirements of the Theory, 
Dolezalek 19 has shown that perfect agreement between theory and ex- 
periment exist if the assumption be made that a simple compound is 
formed between the two constituents or that one of them is partially 
associated. In the case of acetone and chloroform for example, the as- 
sumption of a single compound, CHC 1 S (CH 3 ) 2 CO, and the introduction 
of the corresponding equilibrium constant into the equations sufficed to 
produce complete agreement between theory and experiment. It is true 
that the value of the constant was computed from the vapor pressure 
data themselves, but in a recent paper 10 Mdller has shown that the values 
of such constants may be obtained independently of the vapor pressure 
data of the solution under consideration and that they therefore possess 
* u This is obtained by combining equations (51) and (104). It does not involve 
the Mass Action Law [i. e., equation (136)], which is usually assumed as the basis for 
the derivation of the Solubility Product Law. This point, which was brought out in 
the previous paper, has been overlooked in all of the textbooks of physical chemistry, 
although it was explained dearly by Planck as early as 1887 (Lac. tit .) . 
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the physical significance ascribed to them and are not simply empirical 
constants of an interpolation formula. 

In all the cases studied by Dolezalek he found that agreement between 
experiment and theory is produced if the assumption be made that what 
appears to be a deviation from the theory is simply due to the fact that 
the numbers assumed as the mol fractions of the two constituents 
in the solution are incorrect and that when the proper mol frac- 
tions are used, the apparent discrepancy disappears. If we were 
justified in assuming that all solutions are really ideal solutions and 
that what appear to be exceptions are merely due to our inadequate 
knowledge of the number and kind of the various molecular species present 
and their respective mol fractions, then the Theory of the Ideal Solution 
would constitute a general theory including all solutions and all con- 
centrations and would enable us to ascertain just what occurs chemically, 
when the solution is formed out of its constituents. Unfortunately such 
is not the case, for it can be easily shown mathematically that if certain 
liquids form an ideal solution with one another they must be miscible 
in all proportions. The solutions in a system composed of two or* more 
liquid phases in equilibrium with one another cannot thereforc^be governed 
to the laws of the Ideal Solution. Moreover, these exceptions are not 
merely apparent but are real and cannot be explained on the grounds of 
association, dissociation or chemical combination. . The explanation 
must be looked for in a radical difference in the physical nature of the 
medium. 

To illustrate by an extreme case, let us consider a system composed of 
a solution of benzene in mercury and a solution of mercury in benzene, 
both solutions in equilibrium with each other. The vapor pressure of 
benzene from the mercury layer is equal to its vapor pressure from the 
benzene layer and yet the mol fraction of benzene in the mercury layer 
is probably so small that we could not detect it by any analytical means, 
while in the benzene layer it is equal to r, within the limits of our ability to 
measure it. The equality of the vapor pressure from the two layers can 
only be due, therefore, to the fact that the nature of the medium between 
the molecules of mercury is such that the benzene molecules can penetrate 
it only with the greatest difficulty. This effect of the physical nature of 
the medium is therefore one which must be taken account of in all applica- 
tions of the Theory of the Ideal Solution. In order that the laws of the 
Ideal Solution shall apply, the nature of the medium or the field of force 
in which the molecules find themselves in the solution must not be very 
different from that of the pure liquid itself. Although this restricts some- 
what the sphere of usefulness of the theory, there still remain a large 
number of cases where k should prove of the greatest value in the elucida- 
tion of the chemical nature of solutions. Even in cases where the theory 
cannot be extended over all concentrations because of % a consequent 
t&dical change in the physical nature of the medium, we may still hope 
to. obtain valuable results with its aid in solutions of moderate concen- 
trations. At all events, I believe that the Theory of the Ideal Solution 
is the one which should be adopted as the basis for reference, classification 
and interpretation of the experimental data on solutions in place of our 
present Theory of the Infinitely Dilute Solution which is only a special, 
though very important, case of the former theory. 

Illinois, Feb. j, 1910, 
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Only a few years ago the chemical composition of protein was abso- 
lutely unknown. In many quarters the accepted idea was that voiced 
by Bidder and Schmidt in 1852, namely that all the nitrogeii of protein 
together with enough carbon, hydrogen and oxygen to form urea were 
split from combination in protein, while the remainder was burned to 
carbon dioxide and water, thereby yielding heat to the organism. Voit 
believed that this non-nitrogenous remainder yielded carbohydrate, as 
was particularly evident in diabetes and also fat. Indeed the concep- 
tion of the structure of the protein molecule w r as quite like that which 
Levene has so splendidly shown to be characteristic of nucleic acid, i. e. t 
a molecule made up of carbohydrate united with phosphoric acid on the 
one side, and with nitrogen-containing purine and pyramidine bases on 
the other. The modern conception of the protein molecule as a huge 
complex of amino acids riveted together dates from the work of Emil 
Fischer. Fischer has strung together eighteen of these amino acids 
in an artificial compound, a peptide called Meucyl-triglycyl-/-leucyl- 
triglycyl-Meucyl-octoglycyl-glycine, a body similar to peptone. Al- 
ready Fischer has prepared over a hundred such artificial polypeptides. 

Proteins differ, as they contain different amino acids. Fischer, in an 
addicss given in 1907, expressed the opinion that the proteins then known 
were merely mixtures of substances, and were not pure individuals. He 
would not attribute all the great multitude of amino acids found on hy- 
drolysis to a single chemical unit. Osborne, however, takes a different 
view and believes that his beautifully prepared crystals of plant protein 
“show a constancy of properties and ultimate composition between uc- 
cessive fractional precipitations which give no reason for believing the 
substance to be a mixture of two or more individuals.” He adds: “Of 
twenty- three seed proteins which have been hydrolyzed all have yielded 
leucine, proline, phenylalanine, aspartic acid, glutamic acid, tyrosine 
histidine, arginine and ammonia. Glycocoll, lysine and tryptophane 
are the only amino acids which have been proved lacking in any of these 
proteins.” Other amino acids not mentioned above, but frequently re- 
vealed, are alanine, valine, serine, cystine, proline, and oxyproline. The 
chains of amino acids forming this complex must be of immense size to 
comprise the many and varied elements set forth above. Osborne cal- 
culates the molecular weight of protein at 15000 or some higher multiple of 
this. 4 « 

1 A paper rea 4 before the New York Section of the Chemical Society, February 11, 
1910. # 
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In general, the same constituent amino acids are present in both plant 
and animal protein. There is no fundamental dividing line. Hence 
the animal may eat the plant protein, break it by digestion into its con- 
stituent amino acids, and then reconstruct these into proteins of an- 
other order, those characteristic of animal tissues. Osborne 1 calls atten- 
tion to the fact that the food proteins which are found in flour are those 
which are prepared within the endosperm of wheat for the nutrition of 
the wheat embryo. In the commercial process of milling these em- 
bryos are separated and discarded. Bread therefore contains the same 
nutrient proteins as those provided for the embryo of the wheat. 

Osborne finds that seeds which are botanically closely related contain 
similar food proteins, although those of the leguminous seeds differ greatly 
from those of the cereals. Hence the developing plant embryo is supplied 
with a definite food which for each individual of the same spedes is the 
same, but for those of different species is different. g 

It is the same thing in the animal. The genitalia of the fasting salmon 
grow at the expense of the muscle tissue, as was shown by Miescher, 
and Jagcrroos has adduced evidence which shows that „the young of a 
pregnant dog may be largely nourished at the expense of the protein 
of the maternal organism. And at all times the unborn animal is fur- 
nished with nutrient material of the mother’s blood. 

Rubner has classified food protein into three divisions representing 
three varieties of physiological use. The first is the “wear and tear” 
quota or the amount required to balance the normal waste of tissue pro- 
tein. The second in the “growth quota,” or that necessary for the 
growth of the body. The third is the “dynamic quota” or that which 
is used merely to maintain the energy of the cells and whose function 
may be replaced by carbohydrate or by fat. 

In adult life the fundamental use for food protein is to prevent the loss 
of body protein. If the organism be given fat or carbohydrate alone 
there will be a constant loss of body protein, the “wear and tear” quota 
of Rubner. This will continue unless new protein or amino acids are 
given to replace that lost to the body. Here only the proper array of 
amino acids will furnish new materials for replacement of the old. For 
example, if tryptophane, be absent from the food, no replacement is pos- 
sible. 

In the growing and even in the adult animal there are conditions in 
which protein is added to the body. That portion of the food protein 
retained for growth is the “growth quota.” This growth is accomplished 
at the expense of amino acids formed from ingested protein. Very often 
protein is taken in excess of that required for the replacement of the 
4 ‘wear and tear” quota and in such excess that the optimum protein 

1 Osbo me ’The Vegetable Proteins,” 1999. 



THE FATE OF THE AMINO ACIDS IN THE ORGANISM. 673 

content of the cells is reached and no new deposit from the ‘‘growth 
quota” is possible. What then becomes of the excess? Instead of 
such protein being retained in the organism, it is broken up, its nitrogen 
is found in the urine as urea, and its deaminized remainder furnishes 
fuel for the organism. This is the ‘‘dynamic quota.” 

Modern knowledge indicates that the amino-acid nitrogen not used for 
growth is split off from its combination in the form of ammonia and this 
ammonia, uniting with carbon dioxide, is carried as ammonium carbon- 
ate to the liver and there synthesized to urea. Whenever single amino 
acids are ingested their nitrogen content appears in the form of urea in 
the urine. Convincing and recent evidence of this theory is that af- 
forded by Otto Cohnheim, who filled the intestines of fish with albumoses 
and on suspending the intestines in saline (Ringer’s) solution witnessed 
a large evolution of ammonia. Atnino acids similarly treated gave the 
same results. Very striking also are the experiments of W r einJand on the 
larvae of the blow-fly, which derive their nutriment from meat. These 
larvae may devour an amount of meat equal to sixty per cent, of their 
own weight within a space of two days. A large part of this meat pro- 
tein they convert into fat, the nitrogen content being eliminated as am- 
monia. W T hen this well-established biological principle of the origin of 
fat from protein is considered in connection with the fact that in dia- 
betes sugar may arise from protein to the extent of nearly sixty per cent., 
it becomes evident that there may be a condition of nutrition in which 
protein is used neither for repair nor for growth, but simply to be deamin- 
ized and subsequently to act like fat or carbohydrate as nutritive ma- 
terials for the organism. This represents the “dynamic quota” of Rub- 
ner, the portion of food protein used for energy alone and which may be 
equally well furnished in the form of fat or carbohydrate. 

How, then, does such a conversion of amino acids into carbohydrates 
and fat occur? To have a complete knowledge concerning this, one 
must know the fate of each individual amino acid ingested into the organ- 
ism. 

Dr. Ringer and I have recently taken up the subject of sugar produc- 
tion from amino acids. We have given various such acids to diabetic 
dogs. We have noticed that the nitrogen elimination in the urine in- 
creased in amounts which corresponded to that ingested and that this 
increase was all due to urea nitrogen. We have given glycocoll, alanine, 
aspartic acid, glutamic acid, containing respectively two, three, four 
and five carbon atoms. It was found that all the glycocoll and all the 
alanine were converted into glucose, whereas three of the carbon atoms 
contained in aspartic and glutamic acids were so converted. 

The process of the deamination of these substances is believed to " be 
one of hydrolysis. After this fashion glycolic acid would be produced 
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from glycocoll. If this were converted into glycolic aldehyde, then 
three molecules of the* latter would form one of sugar, and indeed the 
subcutaneous injection of glycolic aldehyde into a rabbit leads to the 
elimination of sugar in the urine. 1 These reactions would thus be writ- 
ten: 


CH,NH, + H,0 
3 I 

COOH > 

Glycocoll. 


CH,OH — ► CH,OH 
3 -30 3 | — ► 

COOH CHO 

Glycolic acid. Glycolaldehyde. 


c 6 h,a 

Glucose. 


Next, 4n the case of the amino-acid alanine, we found that it also may 
be completely converted into dextrose. The reaction may involve the 
production of lactic acid from alanine by hydrolysis and the synthesis 
of two molecules of lactic add into dextrose. This reaction would read: 


CH. CH. 

I I 

2 CHNH, 11,0 2 CH 0 H — > C 6 H l# O b 

i I 

COOH — ► COOH 
Alanine. Lactic acid. Glucose. 


Several years ago Arthur Mandel and I gave a diabetic dog* subcuta- 
neous injections of d-lactic acid and saw that it was completely converted 
into glucose. Lactic acid therefore could circulate throughout the body's 
tissues without being oxidized and when it reached the liver be synthe- 
sized to glucose and be eliminated through the kidney of the diabetic. 
This introduces the question whether lactic acid can ever be directly 
oxidized by the organism or whether it must not first be converted into 
glucose. This fate of alanine is also suggested by the work of Neuberg, 
who gave alanine to a normal rabbit and found glycogen stored in the 
liver and lactic acid eliminated in the urine. The idea that lactic acid 
of itself cannot be oxidized accords with the work of Neubauer, 2 which 
indicates that the deamination of the side chain of tyrosine is not accom- 
plished by simple h)^drolysis but by a simultaneous oxidation process, 
with the production of a ketone instead of an alcohol. The ketone is 
combustible in the organism, the alcohol not. This reaction will be taken 
up in connection with the fate of tyrosine. According to this view, 
pyroracemic acid, CH 8 COCOOH, would have to be the product of the 
oxidative deamination of alanine, if the latter were to be directly oxid- 
ized. Since the deaminized acid is protected from oxidation, it appears 
to be probable that lactic acid is the primary product involved in this 
case. Hence the normal fate of alanine occurs by way of hydrolysis to 
lactic acid which the organism cannot oxidize except indirectly by syn- 
thesis to glucose. 

1 Nfayer, Z, physiobgische Ckemie, Bd. t 38, 151 (1903). 

•Neubauer, “Ueber die Abbau der Amiaos&ttren,” Habilitationsschrift, 1908. 
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When Dr. Ringer and I gave aspartic acid to a dog with phlorhidzin 
glucosuria we observed an elimination of extra sdgar in the urine equal 
to the conversion of three out of its four carbon atoms into glucose. The 
probable course of metabolism in this instance is as follows: 


COOH 

1 

COOH 

1 


1 

CH, 

1 

CII, 


2 i 

— >- 2 | 

CfiH 13 0 6 

CIINH, 

HOII CIIjOH 

j 

cooii 

2 CO, 


Aspartic acid 

/?- Lactic acid. 

Glucose. 


It is interesting in this connection to note that Ilockendorf 1 has ob- 
served an increase in the sugar elimination following administration of 
propyl alcohol to a phlorhidzinizea dog, and although some of his results 
must be accepted with a certain reserve, Dr. Ringer and I have been able 
to confirm the above observation. Ilockendorfs method of single in- 
jections of phlorhidzin each day instead of at eight hour intervals calls 
for severe criticism . 2 

Concerning the fate of glutamic acid where again three atoms of the 
molecule go over into glucose, the following argument is proposed. When 
fatty acids are oxidized in the body Knopp has shown that there is a pri- 
mary oxidation at the /?-carbon atom with a cleavage of acetic acid 
from the chain, which latter is then readily destroyed. If such a method 
were employed in the metabolism of glutamic acid, acetic acid and gly- 
ceric acid would result, the latter of which might be converted into glucose. 
The reaction would be as follows : 


COOH- 

1 

COOH 

1 


1 

CH, 

— > CH, 


2CH t 

2 HOH CH,OH 


CHNH, 

j 

2HOH 2CIIOH 3 

► C 6 H ts 0 6 

COOH 

Glutamic acid 

j 

COOH 

Glyceric acid. 

Glucose. 


Ringer and I, in confirmation of this theory, have given a diabetic 
dog sodium acetate without increasing the quantity of glucose in the 
urine, whereas the administration of glyceric acid caused a large increase 
in the output of glucose. 

' Since serine, on deamination, would be converted into glyceric acid, 
it is apparent that this amino acid also is probably convertible into glu- 
cose. 

1 Hdckendorf, Biochemische Zeitsckrift (1909), Bd. t 23, 295. 

*See Stiles and Lusk, Am. J. Physiol 10, 67 (1903). ^ 
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Halsey 1 obtained conflicting results after giving leucine to phlorhidzin- 
ized dogs, and doubts \he conversion of leucine into glucose. Baer and 
Blum 2 have found an increased output of /Miydroxybutyric acid in the 
urine after giving leucine to a diabetic man and the following transforma- 
tion has*been attributed to it: 


CH, CH, 
\/ 

CH, CH, 

CH S CH, 

CH, 

\/ 


1 

CH 

j 

CH 

1 

/?CH 

CHOH 

| 

CH, 

> CH, > 

CH, 

-> CH, 

j 

CHNH, 

1 

j 

HOH CH,OH 

j 

COOH 

COOH 

COOH 

COOH 

CO, + H,0 


Leucine. 

Ilydroxyisobutyl 
acetic acid. 

Isovaleric acid. 

^-Hydroxybu- 
tyric acid. 


The fate of valine is unknown. Whether it is converted into gtticose 
or not is yet to be determined. Baer and Blum report thjit it is not 
convertible into /?-hydroxybutyric acid. 

Of lysine, a diaminocaproic acid, one can only speculate that it may 
yield glucose, perhaps to the extent of half of its molecule. J^ess proba- 
ble appears the prosp ct of obtaining glucose from arginine. The metab- 
olism of pyrrole derivatives, such as proline, of indole, of derivatives 
like tryptophane, or of histidine with its imidazole ring, is too obscurely 
known to make any prediction. 

Cystine, with its sulphur content, is the mother substance of the taurine 
of the bile and apparently is deaminized less readily than other amino 
acids. Its conversion into taurine is given by Friedmann as follows: 

CH,SH CH,SO s H 

CHNH, >■ CH,NH, 

COOH C0 2 

Cystine, Taurine. 

Any further intermediary products of cystine metabolism are un- 
known. 

Finally there remain tyrosine and phenylalanine to be considered. 
The fate of these acids has been in part revealed by the work of Neubauer 
and Falta 8 and of Neubauer 4 alone. Under ordinary circumstances these 
acids are oxidized in the body with the complete destruction of the ben- 
zene ring. The breaking up of the ring in these substances is dependent 
upon the presence of the amino radicle in the a/£fta-position on the side 
chain. In a disease called alkaptonuria these substances only reach the 

* Halsey, Am. J. Physiol., xo, 229 (1904). 

* Bder and Blum, Arch, exper. Path. Pkarm., 4, 89 (1906). 

* Neubauer and Falta, 2 . physiol. Ckm., 42, 81 (1904). 

4 Neubauer, hoc. cit. \ ,» 
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homogentisic acid stage and are then eliminated in the urine. Homo- 
gentisic acid, which is destroyed by a normal individual, cannot be oxid- 
ized by the alkaptonuric patient any more than glucose can be destroyed 
by the diabetic. The general transformation is as follows: 


0 - 

"Ou _ 

OH 

0 

C1I, 

| 

CH, 

ch 2 

CHNH S 

COOH 

1 

CHNH, 

1 

COOH 


j 

COOH 

Phenylalanine. 

Homogentisic acid. 

Tyrosine. 


Neubaucr states that the hydroxyl group on the benzene ring must be 
in the para position, or the transformation into homogentisic acid is 
impossible. 

Neubauer finds that the alkaptonuric has lost the power to break the 
benzene ring. He confirms this by showing that gentisic acid, 



COOH 


is oxidized by the normal individual but is not attacked by a person 
with alkaptonuria. He is astonished at the discovery that the alcohol, 
hydroxyphenyllactic acid, which is formed from tyrosine by hydrolytic 
deamination, is not oxidized into homogentisic acid by the organism, 
whereas the ketone, oxyphenylpyroracemic acid is so converted. From 
this he Teaches the important conclusion that in this case there is oxida- 
tive deamination and not deamination by simple hydrolysis. 

Erich Meyer was the first to call attention to the possibility of the 
conversion of tyrosine into homogentisic acid through a quinol stage. 
This is illustrated by the laboratory oxidation of paracresol with per 
sulphuric acid. 


O 

OH |! OH 



HO CH S 

^-Cresol, /-Toluquinone. Toluhydroquinone. 

The formation of homogentisic acid from tyrosine presents so close 
an analogy to the above that Neubauer assumes a similar process. TJhe 
complete reaction would then be: 
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OH 

0 

CH. 


I 

CHNH, 



COOH 

/-Hydroxyphenyl- 
pyroracemic acid. 


HO CH* 

CO 

I 

COOH 

Quinol pyroracemic 
acid. 


OH 


I CH,— CO — COOH 


COOH 

Phenylalanine. 


OH 


Hydroquinone 
pyroracemic acid. 


■•a. 

CH, 

I 

COOH 


Homogentisic acid. 


It may be of interest to state in passing that this*work on the fate of 
tyrosine was accomplished by a physician in one of the great medical 
clinics of Germany where opportunities for such work are liberally af- 
forded. 

Regarding the further fate of homogentisic acid, the observation of 
Jafite 1 that after feeding benzene to animals, muconic acid may be de- 
tected in the urine, is of importance. This indicates that the oxidation 
of the benzene nucleus takes place as follows : 


* CH \ 

HC'/ \CH 

I II 

HC. XH 

^CH X 
Benzene. 


hc^ CH \:ooh 

J 

HC vV /CONH 
Muconic acid. 


Should this be the method of breaking the ring, then the straight <£iain 
of the dibasic hydroxy acid which would be produced from hongei&i^ 
tisic acid would be readily oxidized. It is said that tyrosine^ht m 
ingested in diabetes, increases the amount of acetone bodies in thevritie 
(Baer and Blum). , ■ , 

/ 1 Dr. Ringer and I have investigated the subject of the possibility 01 ’Us 
yielding glucose in the body and so far our results have been negati^. 
Since inosite, a hexahydroxybenzene, is completely destroyed by the dj-, 
betic, negative results from tyrosine were to have been expected. 

In this discussion of the fate of the amino acids in the organism it has 
been brought out that in their final cleavage products are found either 
1 Jaffe, Z. physiol, Chem,, 73, 58 (1909). 



THE FATE OF THE AMINO ACIDS IN THE ORGANISM. 


679 


sugar or fatty acid. It is these substances which are the energy givers 
to the cells. They act as fuel for the machinery of life. In their prepara- 
tion from protein there are many cleavages, and perhaps oxidations 
which yield free heat to the organism without ever giving vital energy 
to the cells. In consequence of this, protein ingestion results in a con- 
siderable increase in the amount of heat liberated within the body. 
This is the specific dynamic action of protein in increasing heat production 
in accordance with the doctrines of Rubner. 

As regards the sugar production from meat, for example, one may now 
in a crude way estimate its source. I have found that in diabetes 
fifty-eight parts of glucose may arise from one hundred parts of meat pro- 
tein. Osborne’s 1 latest results of the analysis of ox muscle include the 


following figures : 

Parts in 100 

Glycocoll 2.06 

Alanine . . 3 72 

Aspartic acid . .451 

Glutamic acid ... 1549 


In a paper read in Boston recently, Osborne indicated that owing to^ 
the inaccuracy of the Fischer ester method, the figures for alanine and 
aspartic acid may easily be twice the amounts stated above. Likewise, 
the work of Parker and Lusk indicates that four gtams of glycocoll may 
arise in the metabolism of flesh within the body of a rabbit, and similar 
results have been obtained in man. If we substitute these increased 
quantities for the analytical results obtained by Osborne and then calcu- 
late the sugar production from the various acids as obtained in the lab-^ 
oratory, we arrive at the following results: 

Parts in 100 of ox Glucose produc- 
niuscle (estimated), tiou (calculated) 

Glycocoll 4.0 3.2 

Alanine -7-5 7 5 

Aspartic acid 9.0 6.1 

Glutamic acid 15.5 9.5 

36.0 26.3 

From these four acids, therefore, may arise twenty-six, or nearly half 
of the total of fifty-eight parts, of glucose which may originate from pro- 
tein in metabolism. 

Speaking more strictly, forty-five per cent, of the total sugar produc- 
tion from protein in diabetes may arise from the four acids named, which 
jtnake up thirty-six per cent, of meat protein. It is only a question of 
time for the attainment of a complete solution of the problem. 

The chemistry of the protein molecule throws new light upon bio- 

1 Osborne and Jones, Am. J. Physiol ., 24, 437 (1909). * 
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logical questions, though it does not explain life itself any more than 
heredity is explained by the chemistry of nucleic acid. 


SOME COLLOID-CHEMICAL ASPECTS OF DIGESTION, WITH 
ULTRAMICROSCOPIC OBSERVATIONS. 

Bv Jerome Alexander 
Received Februaiy 16, 1910. 

The changes which occur during digestion, and in fact in almost all 
physiological processes, are remarkable not only because of their very 
profound nature, but also because they are produced at comparatively 
low temperatures and in the presence of extremely dilute reagents. The 
living organism disintegrates proteins, oxidizes carbohydrates, and with 
the same apparent ease synthesizes substances of great complexity. 
Powerful reagents and high temperatures, which would be destructive 
to life, are necessary to bring about changes of this character under ordi- 
nary laboratory conditions. 

The digestive process is preliminary to the actual absorption and use 
of food by the organism, and has for its object the modification or dhange 
of the ingested food into such forms or such substances as may be ab- 
sorbed in the lower part of the digestive tube. To have a correct under- 
standing of the absorption of the products of digestion, we must bear 
in mind the fact that the walls of the digestive tract act as semipermeable 
colloidal membranes, and that absorption consists in diffusion into or 
through these membranes or their constituent cells. Substances in 
crystalloidal solution, and colloidal sols whose particles are sufficiently 
small, represent then the two classes of digestion products which are 
diffusible and therefore absorbable. 

Food as ingested consists mainly of substances that may be grouped 
into two classes: 

1 . Crystalloids — such as watrr, sugars, sodium chloride, etc. 

2 . Colloids— such as starch, proteins, etc. 

The crystalloids are usually absorbed directly, although sucrose, for 
example, undergoes inversion. The colloids, as a rule, are not directly 
absorbable and for the most part digestion consists in the disintegration 1 
of the colloidal complexes of the food, so that they can actually diffuse 
into the organism and there undergo further changes. Colloidal gels 
or even sols whose particles are of large size are, practically speaking, 
non-diffusible, and must therefore be reduced to a more finely dispersed 
state. So strong is the analogy between digestion and colloidal disin- 
tegration that Thomas Graham, 2 the father of colloid chemistry, coined 

1 It must of course be borne in mind that actual chemical changes may and very 
frequently do accompany changes of this character. 

* “On the Properties of Silicic Acid and Other Analogous Colloidal Substances," 
Proc. Roy. Soc. t June 16, 1864. 
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the word peptization to express the liquefaction of a gel. He first speaks 
of the coagulation or pectization of colloids. ‘‘The pectization of liquid 
silicic acid/’ he states, “and many other liquid colloids is effected by 
contact with minute quantities of salts in a way which is not understood. 
On the other hand, the gelatinous acid may be again liquefied, and have 
its energy restored by contact with very moderate amounts of alkali. 
The latter change is gradual, i part of caustic soda, dissolved in 10,000 
water, liquefying 200 parts of silicic acid (estimated dry), in 60 minutes 
at ioo°. Gelatinous stannic acid also is easily liquefied by a small pro- 
portion of alkali, even at the ordinary temperature. The alkali, too, 
after liquefying the gelatinous colloid, may be separated again from it 
by diffusion into water upon a dialyzer. The solution of thes^ colloids, 
in such circumstances, may be looked upon as analogous to the solution 
of insoluble organic colloids witnessed in animal digestion, with the differ- 
ence that the solvent fluid here is not acid, but alkaline. Liquid silicic 
acid may be represented as the ‘peptone 1 of gelatinous silicic acid; and 
the liquefaction of the latter by a trace of alkali may be spoken of as the 
peptization of the jelly. The pure jellies of alumina, peroxide of iron, 
and titanic acid, prepared by dialysis, are assimilated more closely to 
albumen, being peptized bv minute quantities of hydrochloric acid.” 

Investigation has demonstrated that the high efficiency of the diges- 
tive juices is mainly due to small quantities of certain colloidal sub- 
stances called enzymes (such as ptyalin, pepsin, and pancreatin) which 
act as catalyzers, enormously hastening reactions which would other- 
wise proceed so slowly that, practically speaking, they would not occur 
at all. The enzymes appear to act by forming with the substrate a 
combination of unstable character, which breaks down and liberates 
the enzyme again to continue the operation. 1 Recently Prof. W. M. 

1 In an unpublished thesis presented early in 1899, and read before this section on 
Dec. 8, 1899, I stated as follows: 

“It appears then, that all fermentations are purely chemical changes brought 
about by substances usually highly complex and highly nitrogenous, as analysis shows. 
To confirm more fully this assumption, work should be done along the lines laid down 
by Btichner, and the active enzymes should be isolated from all fermentative micro- 
organisms. In the meanwhile we may examine into the nature of the chemical action 
that takes place. 

“There are numerous reactions which go by the name of ‘continuous processes.* 
The decomposition of the diazo compounds by cuprous salts (Sandmeyer’s reaction) 
is a case in point. It proceeds according to the equation C e H a N : NR + Cu 3 R a — 
C e H ft R + N, 4- CujRj, so that the process is theoretically continuous. The cuprous 
salt acts the part of a carrier or * go-between,’ just as do iodine, ferric chloride, alumin- 
ium chloride and many other substances under different circumstances. The catalytic 
decompositions of hydrogen dioxide and hypochiorous acid are apparently continuous 
processes, although the intermediate compounds have not been determined. 

“Not alone can only a small quantity of one substance decompose a large quantity 
of another, but the same substance yields varied products depending on the nature 





682 


ORGANIC AND BIOLOGICAL. 


Bayliss, in his interesting monograph on "The Nature of Enzyme Ac* 
tion,” 1 has shown that in all probability "the ‘compound* of enzyme 
and substrate, generally regarded as preliminary to action, is in the nature 
of a colloidal adsorption compound.” Any one who has seen in the ultra- 
microscope the extremely active motion of the individual particles in 
colloidal solutions, can readily imagine the terrific bombardment a sub- 
stance must undergo when a colloidal enzyme is concentrated on its sur- 
face by adsorption; and indeed it seems probable that enzymes actually 
produce their effects by virtue of their specific surface actions and the 
motion of their particles. 

In order to find out if this idea could be verified by actual observation, 
I have watched, under the ultramicroscope, the action of diastase upon 
potato starch grains and the action of pepsin upon coagulated egg albu- 
men. 

In the first case actively moving ultramicrons in the diastase solution 
gradually accumulated about the starch grains, which after a tiijie showed 
a ragged and gnawed margin. While the adsorption and motion ^of the 
larger ultramicrons was all that could be followed, the bright appear- 
ance of the field indicated that more numerous finer particles were pres- 
ent, and some apparently of intermediate size were seen. 2 

For observations on albumin, I used a dilute solution of white of egg 
which had been heated nearly to boiling. It was opalescent and in the 
ultra apparatus exhibited a field full of bright and rapidly moving ultra- 
microns. Upon allowing a droplet of essence of pepsin (Fairchilds, 
containing 15 per cent, of alcohol by weight) to diffuse in, an immediate 
coagulation occurred, the particles clumping into very large masses. 
A droplet of decinormal hydrochloric acid was then allowed to diffuse 
in, whereupon the large masses broke up in small groups and single ultra- 
microns, which once more resumed their original motion. Soon, how- 
ever, the albumin particles began to grow smaller and disappear, the 
field all the while becoming brighter and brighter, indicating the concom- 

of the * go-between/ Ethyl acetoacetate, when hydrolyzed with dilute boiling acids, 
yields ketones; while if strong alcoholic potash be employed, acids are produced. The 
latter is not a continuous process because the potash is eliminated by combining with 
the acid produced; but it illustrates the point. 

“Now I believe that the actions of diastase, and in fact of all other enzymes, are in 
the nature of continuous processes. I base this, as yet, almost entirely upon analogy, 
but can indicate the line of experimentation necessary to confirm the theory. 

“ First — Active enzymes must be isolated and their chemical constitution and struc- 
ture investigated. 

“ Second — The constitution of the substances to be decomposed must be under- 
stood, and also the nature of the compounds they can form with the structurally de- 
termined enzymes/* 

1 Longmans, Green & Co*, 1908. 

4 This work will be repeated with purer enzyme and at greater dilution. 
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mi tan t appearance of smaller ultramicrons or amicrons. In vitro the 
addition of the pepsin to the opalescent albumin solution caused it to 
clear gradually, even at room temperature 1 

Enzymes are inactivated to a greater or less extent by shaking, heat- 
ing, electrolytes, e*c., all of which, as is well known, cause the coagula- 
tion of colloidal solutions and a resulting decrease in the activity of the 
motion of their constituent particles. Another feature of interest is 
that the action of enzymes is reversible, a fact that does not usually 
come much into evidence because of the dilution and removal by diffusion 
of the products formed. In cells, tissues and organs, however, changes 
of concentration again occur and synthetic processes may result. 

One principle of colloid chemistry is of the utmost importance in di- 
gestion, namely, the protective action of reversible colloids, which stabil- 
ize or protect from coagulation irreversible or unstable colloids. Mucin 
and analogous colloidal substances undoubtedly have a tunction of this 
character, which may in some cases account for the variance between 
the action of natural and artificial digestive juices. The principle of 
colloidal protection 2 is in evidence in almost all physiological reactions 
and processes, and it is indeed extremely doubtful if there ever occurs 
in rtvo anv chemical reaction which is not greatly influenced by the col- 
loids always present. How powerful this influence is, may be seen by 
adding hydrochloric acid to a solution of silver nitrate containing a little 
gelatin; instead of the usual precipitate, there results only an opalescent 
hydrosol which passes entirely through filter paper . 3 This directs our 
attention to a very important consequence of colloidal protection, namely 
that in the presence of protective colloids, colloidal sols pass through 
membranes otherwise impermeable to them . 4 

In the light of the principles outlined above, let us consider the diges- 
tion of milk, food which contains crystalloids (water, soluble salts, lac- 
tose) and colloids (casein, albumin), besides fat in suspension. The 
main interest centers in the proteins and in the fat, which will be con- 
sidered in the order given. 

The chief proteins of milk are casein and lactalbumin, both of which 
exist in colloidal solution. In the case of cow's milk the casein is readily 
coagulated by acids and by the ferment rennin, and therefore such milk 
curds soon after its ingestion. I will not attempt to mention the numer- 
ous and sometimes weird theories advanced to explain the phenomenon 

J The experiment with pepsin must be repeated with purer enzyme and at greater 
dilution, in order to follow the course of the action more in detail. 

3 For particulars regarding “protective action,” see “Colloids and the Ultrami- 
croseope,” by Prof. R. Zsigmondy. J. Wiley & Sons, 1909. 

8 For other reactions of this character, see J. Soc . Chem. Ind ., 28, 280 (1909). 

4 See Zsigmondy, Chapter 14. Mucous membranes, when moistened with bile, 
allow fat to penetrate more readily than when not so treated (Jacobi). 
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of the curding of milk, most of which have been considered by Kastle and 
Roberts in their article on “The Chemistry of Milk.” 1 Although many 
investigators regarded the rennin coagulation of milk as a colloidal or 
physical, rather than a chemical change, I was, so far as I am aware, 
the first to point out 2 that casein is an irreversible or unstable colloid 
which is protected from coagulation by the reversible colloid lactalbumin. 
A very simple experiment will suffice to show the significance of this 
fact: if we add to cow’s milk some protective colloid such as gelatin or 
gum arabic, it becomes insensitive to quantities of acid and rennin which 
would otherwise produce coagulation. 

Owing to the very great importance of milk as a food, especially for 
infants and children, the question of the digestibility of milk has for 
years received the closest study of the medical profession, and many 
facts have been established by clinical experiment. Thus, as far back 
as 1888, I)r. Abraham Jacobi 3 advocated the addition of gelatin and 
gum arabic to milk intended for infants, and in a recent papej he states: 4 
“Ass’s milk has always been recognized as a refuge in digestive disor- 
ders, when neither mother’s or cow’s milk or its mixtures were tolerated.” 
These facts are readily understood if we look over the following table 5 
showing the average constitution of various milks: 


Kind of milk 

Casein 

Albumin. 

Total proteins. 

Fat 

Sugar. 

Cow 

3 02 

0.53 

3 55 

3 64 

4.88 

Human 

I 03 

1 . 26 

2 .*29 

3-78 

6.21 

Goat 

3 20 

1 09 

4 29 

4 78 

4 4 b 

Kwc . 

.. 4-97 

1 55 

6 52 

6.86 

4.91 

Ma re 

1.24 

0.7s 

1 99 

1 . 21 

5 67 

Ass 

0 67 

1 55 

2 22 

1.64 

5 99 


It will be seen that in mother’s milk the casein is protected from co- 
agulation by a much higher ratio of albumin than cow’s milk, whereas 
ass’s milk is even more highly protected than mother’s milk. With 
such highly protected milks, the curd (if indeed coagulation does actually 
occur at all) is much more readily redissolved in the process of digestion. 6 

1 vSee “Milk and Its Relation to the Public Health,” Bull. 41, Hyg. Lab. U. S 
Pub. Health and Mar. Hosp Service, Washington. 

2 Z. Chew Ind Kollmdc , 4, 86 ;C. A., 3, 1315; Z. Chew. hid. Kolluidc, 5, 101 ; C. A., 
4 , 350; J . Soc. Chcm. Ind , 28, 280 (1909); C. A , 3, 1672. 

* “The Intestinal Diseases of Infants and Children,” p. 62, et seq . 

4 “The Gospel of Top Milk,” J. Am. Med. Assoc., 51, 1216-1219 (Oct. 10, 1908). 

* Compiled by Leach from Koenig. 

* Too low a percentage of albumin in mother's milk might make it indigestible 

for the infant. It ‘is interesting to note here that Dibbelt (Arb. Ceb. path. anat. Bad., 
6, No. 3 , see C. A., 3, 2943) has shown that cases of richitis (rickets) are caused by deficient 
absorption of calcium, the infants not being able to utilize the larger percentage of 
calcium in cow's milk and artificial food. Hj 

The anomalous results of Kastle and Roberts (Bull, 41, 325), who found 
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Ultramicroscopic observation fully confirms the principle of colloidal 
protection above stated. Using a Ueitz dark field condenser with l / a 
oil immersion objective, and a 1200 candle power arc light for illumina- 
tion, the individual particles of casein may be seen in very active mo- 
tion. Upon allowing a little dilute acid to diffuse in under th cover 
glass, the agglutination or coagulation of the casein particles may be dis- 
tinctly followed. They gather at first into groups of two or three, and 
gradually into larger and still larger masses. As the size of these groups 
increases, their motion decreases proportionately, until at last they 
float quietly and sink to the bottom of the fluid. 

If, however, a little gelatin or gum arabic be added to the milk before 
the addition of the acid, the clumping is entirely prevented. The par- 
ticles of casein continue the active motion, which in reality keeps them 
afloat and in solution. 

These observations I first made on May 9, 1909, and since then they 
have been frequently repeated 1 Tor ultramicroscopic examination a very 
dilute solution of skim milk (one drop to 100 or 200 cc. of water) should 
be used, for fat globules, or too great a degree of concentration produce 
a confused field A very dilute solution of benzopurpurin (which dis- 
solves as a colloid) shows exactly the same protection by reversible col- 
loids as does milk, and in this case the macroscopic color changes as well 
as ultramicroscopic observation show that gelatin exercises a much 
greater protective action than gum arabic. 2 

Gelatin also protects casein against coagulation by rennin, as may be 
shown both in macroscopic and ultramicroscopic observations. s 

Another very vital point to consider is that the colloidal protection of 
the casein has an important influence upon the digestion of the milk 
fat. 

I11 the first place, the initial subdivision of the fat in milk is favored 
by the “lactalbumen,” which acts as an “emulsifier.” The use of col- 
loids in forming and preserving emulsions has long been known in the 
arts and in pharmacy, and has also attracted the attention of physiolo- 
gists. Thus Moore and Krombholz, in a paper entitled “On the Rela- 

t liat frequently quite acid milks did not coagulate, whereas faintly acid milks did, 
are probably due to the fact that the former owed their stability to a larger relative 
percentage of albumin than the latter 

1 Exhibited before the Cincinnati Section of the Am. Chem Society on Pec. 8 , 1909. 
Alexander and Bullowa, Arch Pediatrics , Jan , 1910. Ice Cream Trade Journal , Dee., 
pp. 197-201, 1909 Z. Chem Itid Kolloidc , 6, 197-201. 

2 Futher experiments with benzopurpurin, and their significance in dyeing are 
referred to in a paper submitted to the Seventh International Congress of Applied 
Chemistry. See Trans . Am. Inst. Chem. Eng., 2 (in press). 

8 See Alexander and Bullowa, loc. cit. 
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tive Power of Various Forms of Proteid in Conserving Emulsions,’* 1 state 
as follows : 

“The action of acid and alkali albumins in so maintaining emulsions, 
must be of service in the digestion and absorption of fats. Protein food 
is invariably eaten along with fats, and as the fat becomes emulsified, it 
will be maintained in a finely subdivided form by the action of the acid 
and alkali albumin simultaneously formed. The fat does not become 
much subdivided in the stomach, and hence the acid albumin formed 
here does not come much into action, but afterward in the duodenum 
the alkali albumin present undoubtedly must aid in preserving the emul- 
sion which is formed there.” 

The value of an emulsifying colloid is readily demonstrated by adding 
ferric chloride to a commercial emulsion of cod liver oil; this immediately 
coagulates the protective colloid and the oil at once separates out. It 
must also be remarked that protective colloids in the various digestive 
juices must be reckoned with, as well as those in the food, and those 
foitned from the food. / 

In the case of milk the presence of a coagulative colloid, casein, intro 
duces another factor, since the curd always carries dowm with it a very 
large percentage of the fat present. Now the smaller the degree of col- 
loid protection, the greater is the probability of coagulation, and the 
less soluble the resulting curd. The total prevention of coagulation is 
highly desirable, especially in the presence of much milk fat, because 
fatty cuids have a great tendency to adhere and form large masses which 
resist the action of the digestive juices. 2 In the so-called “fat indiges- 
tion” described by Czerny and Keller and others, the trouble has for the 
most part been ascribed to an excess of fat. But mother’s milk, as a 
rule, contains even more fat than cow’s milk, and I have heard of cases 
showing the typical hard, dry stools of “fat indigestion” where the child 
was fed cow’s milk containing only 2 per cent, of fat. It would seem 
then that the protection of the casein is of the highest importance in 
favoring the absorption of the fat as well as the casein of milk. 

Interesting confirmation of this is to be found by reading the results 

1 Brit . J. Physiol, 22, 54 (1908). 

2 This process is well described by Dr. J. W. Schereschewsky, in his paper on 
“Infant Feeding,” Bull 41, Hyg. Lab. U. S. Pub. Health and Mar. Hosp. Service, 
p. 658, et scq. 

In a recent paper entitled “Casein Curds in Infants’ Stools,” just published in the 
Archives of Pediatrics, 26, 924 (Dec., 1909), Dr. F. B. Talbot states in conclusion: 
“Furthermore there is sufficient clinical and scientific evidence to^ prove that tough 
curds are composed principally of casein, that they are due to the imperfect digestion 
of casein, and that an excess of casein in the food may result in a fat as well as a casein 
indigestion.” 
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of Prof. C. A. Herter, as given in his book on “Infantilism.” 1 He de- 
scribes here a condition of arrested development, consequent upon the 
non- absorption of food and its subsequent putrefaction in the lower in- 
testine. The patients excreted practically all the calcium ingested, 
this accounting for the failure of skeletal growth, and the feces contained 
neutral fat, fatty acids, and soaps in marked excess, indicating impaired 
fat absorption.*' 

Herter found that the addition of gelatin (which is a most efficient 
protective colloid) to the milk fed, caused an improved absorption and 
recommends its use. 3 He further observes that “in sparing protein 
small quantities of gelatin appear to have about as much effect as larger 
amounts, ” a fact quite in accord with protective action, for only a small 
percentage of gelatin is needed to accomplish protection. 

In conclusion, 1 would point out that bald chemical analysis cannot 
express the digestibility and availability of a food any more than it can 
express or explain the action of the digestive juices, or in fact any other 
physiological process. I11 all these processes can be traced the influence 
of the colloidal substances everywhere present in the body, whose ef- 
fects are quite out of proportion to their small mass. Striking examples 
are the enzymes which catalyze and direct chemical and physical changes, 
and the protective colloids which oppose crystallization, precipitation 
and coagulation, emulsify fats, and facilitate diffusion and absorption. 
As soon as w r e approach the chemistry of living organism, we are con- 
fronted with problems of colloid chemistry, and there is no doubt but that 
a correct understanding and application of its principles will throw much 
light upon many other obscure problems in biology, physiology and 
medicine. 

Laboratory or Nationai Cum and Mila Co. Kfw York Ci j y 


[From tiik Laboratory of Biological Chkmistry of Tine Harvard Mkmcal .School | 

ON THE ESTIMATION OF THE INTENSITY OF ACIDITY AND 
ALKALINITY WITH DINITROHYDROQUINONE . 1 

By Lawrence J Henderson and Alexander Forbes 
R eceived March 10. iqio 

Indicators serve two distinct purposes: The one is to mark sharply 
an end point in titration, the other to measure the concentration of ionized 
hydrogen or hydroxyl in solution. The properties which qualify a sub- 

1 “On Infantilism from Chronic Intestinal Infection,” by C. A. Herter, M.D The 
Macmillan Co., 1908. 

2 It is now well known that the cream layer or fat of milk contains from 10 to 300 
times as many bacteria as the whole milk. See (U. S. Dept. Agr.) Bull. 56, 737; also 
Jacobi, /. Am. Med. Association , loc . cU , 

8 Herter, loc. cit. f pp. 10 1, 105. 

4 An investigation aided by a grant from the Elizabeth Thompson Science Fund 
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stance for these two uses are quite different, and iLsually opposite. Thus 
our common indicators, selected for use in titration, possess a very limited 
value in measuring the reaction of a solution, because they change color 
sharply at a particular reaction, and otherwise not at all. No other means 
than the employment of indicators permits the rapid estimation of reaction, 
and even the valuable method of Salm, wherein of necessity a large number 
of indicators are employed, is far from fulfilling the requirements of a 
quick method for approximate estimations. 

In seeking a solution of this problem the behavior of 2,5 dinitro-hydro* 
quinone, among other substances, has been studied, its chemical proper 
ties being such as to suggest that it might be suitable for the purpose. This 
substance when dissolved in distilled water, has a bright orange color 
which changes on addition of moderately stiong acid to pale greenish 
yellow, and on addition of moderately strong alkali to deep purple. Ivvi 
dently this wide range of colors renders it unusually well suited to the 
measurement of all intensities of hydrogen ion concentration. / 

In order more accurately to deline the characteristics of the substance 
and to establish a color standard, the following experiments were per 
formed: A preparation as provided by Schuchardt was twficC reeivstal 
lized from water to insure purity. From this material a 0.2 molal al 
coholic solution was made up and used in all experiments. v Six standard 
solutions of constant reaction were then prepared in the usual manner 
from simple bases, acids and salts, either pure or mixed, in such propor 
tions that the solutions formed a uniformly graduated scale of acidity 
on the one side of neutrality, and of alkalinity on the other. The com- 
position of the solutions and their reactions are shown in the accompanying 
table. 


Solution. 

Composition. 

Reaction. 

Color. 

A 

0 10 AT Tartaric acid 

(H+) - io- J 

Green- yellow 

B 

0.058 N NaII 2 PO, 

(H+) = io~« 

Orange-yellow 

C 

NaH 2 P 0 4 : Na 2 HP0 4 = 4 . 

i (H+) = 10-" 

Orange 

D 

NH 4 OH : NH 4 C 1 — 1 . 27 

(Oil - ) --- 11 >-• 

Brownish cherry-red 

E 

NH 4 OH : NH 4 C 1 -57: 1 

(OH - ) - 10-* 

Red- purple 

F 

1 0 N Na 8 CO a 

(OH - ) =- io -2 

Purple 


Six 250 cc. flasks were filled from these stock solutions. To each flask 
was then added a small constant quantity (10 drops) of the indicator 
solution. The colors of the solutions thus tested are given in the table. 
Between any two of these colors an intermediate color may readily be 
distinguished from either, while in those mixtures between orange and 
purple, where the color change is greatest, several intermediate hues may 
be differentiated. The indicator has been employed with a variety of 
salts of the alkalies and the alkaline earths and with ammonium salts, 
but in no case has an effect of the salt upon the color been noted which 
is sufficient to cause a significant error in such approximate estimations. 



DISTILLATION OF AMMONIA BY AERATION. 


689 


If the indicator be left long in a solution which is even slightly alkaline, 
as indicated by a reddish color in the solution, or the color of more intense 
alkalinity, decomposition occurs and the color fades. This destruction 
occurs too slowly however to cause any trouble. It should be noted 
that the color vaiies greatly with the temperature, thus the purple color 
of high alkalinity may be converted into almost pure blue by warming. 

With the aid of this substance it is, accordingly, possible to estimate 
the concentration of ionized hydrogen and hydroxyl in an unknown 
solution rapidly and accurately to about one power of ten between hun- 
dredth normal concentration of ionized hydrogen and hundredth normal 
concentration of ionized hvdroxyl. I11 all, eleven different intensities 
of reaction may be thus differentiated. To this end it is necessary to 
prepare a series of standard solutions corresponding to those above de- 
scribed The process then consists meiely in the matching and inter- 
polation of colors 

[From the Research Laboratory or tiie Ron. kvelt Hospital, New York City.] 

THE QUANTITATIVE DISTILLATION OF AMMONIA BY AERATION. 

( SECOND PAPER.) 

By Philip Adolph Koih k 
Received Febiuary 24, JyR> 

In a previous paper 1 a new’ apparatus for the quantitative distillation 
of ammonia was described, which, since, has been tried in several labora- 
tories. I11 three cases the results have been published and it is the object 
of this paper to summarize, and to discuss, the criticisms that have been 
made, and to record the experience accumulated during the past two 
years. 

In a recent article 2 J. Sebelicn in conjunction with A. Brynildsen and 
O. Haavardsholtn developed and reported independently the identical 
process devised by the writer over a year before. 

They proved by many experiments that ammonia can be liberated from 
solutions quantitatively, even if a slow stream of air and a large volume 
of solution (200 cc.) are employed. They concluded that the aeration 
procedure has many advantages over the old method and eliminates 
several sources of error. 

Davis 3 found that the method, using an ordinary water pump, gave 
good results provided the flask was insulated with asbestos. He also 
makes the statement that if 30 cc. of acid are digested, the flask would 
require additional heat during distillation. 

1 This Journal, 30, 1131 (1908). 

2 Read by J. Sebelien in the Section for Analytical Chemistry, Congress of Applied 
Chemistry, June, 1909, printed in Chemiker-Zeitung , 1909, No. 87. 

•This Journal, 31, 56 (1909). 
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An asbestos insulator can hardly be of any service in keeping the con- 
tents of a flask warm, while a rapid stream of cool air is passing through it. 
Doubtless, the good results recorded were not dependent on the use of 
asbestos. That 30 cc. of sulphuric acid can be handled in the process 
is shown by the figures of J. Sebelien and collaborators. Gill and Orindley 
have quite recently reported 1 favorably on the process in application to 
many substances but concluded that the elements magnesium and phos- 
phorus when present together in relatively large amounts cause a slight 
retention (3.2 per cent.). This conclusion, based on the analysis of 
cottonseed, wheat bran, and magnesium ammonium phosphate, involves 
the assumption that magnesium ammonium phosphate, supposedly formed 
during the digestion, somehow or another, in the stronglv alkaline .solution 
holds back the ammonia. 

According to modern views of chemistry concerning ions and their 
concentration it is hard to conceive of magnesium, in a large excess of 
sodium hydroxide, being in solution at all. In their paper they, refer to 
Steel and Gies 2 having proven it impossible to liberate ammonia quanti- 
tatively when the urine contained magnesium and sodium carbonate, but 
omit to mention that these authors settled the point in question, namely, 
that sodium hydroxide liberates quantitatively ammonia from magnesium 
ammonium phosphate. They also refer to a previous paper of mine 011 
the influence of magnesium and calcium salts in retarding ammonia 
distillation, but surely calcium and magnesium salts cannot come into 
consideration in an excess of sodium hydroxide. 

The figures given by Gill and Grindley record a retention of 3.2 per cent, 
of the ammonia in magnesium ammonium phosphate, which means that 
96.8 per cent, of the ammonia in magnesium ammonium phosphate was 
distilled and determinable. Taking this value and calculating the amount 
of ammonia that would be retained from the data given in regard to the 
content of magnesium and phosphorus in food, etc., we would have in the 
most unfavorable case a decrease of 0.02 in the per cent, of nitrogen. 
In order, however, to leave no doubt as to the accuracy of the preceding 
theoretical discussion the following comparisons 3 were made. A few of 
them will suffice as they have, apparently, but one interpretation. 


Old distillation 
with heat, etc. 


Urine No. 1 11.50 

Urine No. 2 11.60 

Urine No. 3 . . 17.35 


Aeration after the addi- 
tion of 5 grains MgHP0 4 . 

11.55 

II.60 

17.37 


The results are expressed in terms of n/ 4 ammonia after making suitable 
blank determinations, using all the reagents. This amount of magnesium 


1 This Journal, 31, 1249. 

*/. Biol. Chem 5, 71 (1908). 

• These distillations were made in the laboratory of Dr. C. A. Herter. 
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phosphate, being practically ten times more than is sufficient to combine 
with all the ammonia, does not show the slightest retention. 

The statement by the authors that it was necessary to keep the solution 
warm, gives us a key to the source of error, c. g. f insufficient excess of 
alkali. 

Experience with the Method. 

Since the first publication nearly two years ago the writer has gained 
considerable experience with the method in the analysis of foods and 
allied products, particularly in distilling large numbers of solutions in 
series using but a single ordinary water pump. The time required for 
complete distillation of ammonia from the long-necked Kjeldahl flask 
(of 500 cc. capacity) is about two hours, whereas with a large wash bottle 
(of 700 cc. capacity) the time required is three hours. The time required 
for aeration varies, as Folin pointed out, with the temperature, alkalinity, 
volume, and height of the solution. 

Saturated alkali in large excess should always he used (about 40 per cent, 
more than necessary to neutralize the add). The application of an open- 
screw pincheock has made it possible to control the aeration process 
completely in all respects. Jkfoie the addition of the concentrated 
alkali, this screw pinchcock is applied (at X in the original illustration) 
at the junction between the Kjeldahl flask and the absorption bottle 
and the rate of aeration reduced (about 100 bubbles a minute). As the 
alkali enters the Kjeldahl flask it is shaken in a rotatory fashion until 
all of the alkali has been drawn over. By decreasing the aeration in 
this manner it was possible with perfect ease to start a distillation while 
the contents were still quite hot. 

If the aeration is closed oil completely at the junction indicated above, 
the absorption bottle in question can easily be temporarily removed or 
reinserted, for the purpose of adding more acid, titrating, etc. To avoid 
accidents a safety valve should be inserted in the system, between the 
source of vacuum and the first absorption bottle, so that the Kjeldahl 
flasks are not exposed to too great a vacuum. 

Summary of Directions. 

The melt in the Kjeldahl flask after digestion is diluted with four parts, 
by volume, of ammonia-free water and allowed to cool to about room 
temperature. After connecting to the absorption bottle and reducing 
the rate of aeration the alkali is added, shaking the Kjeldahl flask at the 
same time in a rotatory fashion. Should there be any serious back 
pressure in adding the alkali the rate of aeration is too rapid, and there- 
fore should be reduced to a more suitable rate. The adding cylinder 
(see first paper) is then disconnected, and the second distillation attached, 
etc. 
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THE DETERMINATION OF IODINE IN PROTEIN COMBINATIONS. 

(second paper.) 

By Louis W Riggs 
R eceived February 24, 1910 

During the past three years the study of the iodine content of protein 
substances, particularly those of the thyroid gland and various thyroid 
extracts, has been pursued quite steadily in this laboratory with several 
objects in view. Besides an attempt to determine the relation, if any, of 
the quantity of iodine to normal and various pathological conditions of 
the gland, the studies have led to the establishment of certain standards, 
based on the iodine content, for the grading of thyroid preparations used 
medicinally. Fundamental to the accomplishment of the objects is an 
accurate method for the determination of iodine in protein combinations, 

During this investigation over three hundred analyses have been made 
not including duplicates. About one hundred of these were of thyroid 
glands from as many different human beings. Over eighty were of 
animal thyroids from dog, beef, pig, and sheep. About sixty were of 
thyroid extracts such as “thyroglobuliu, ,, “thyronucleoprotcid,” “thy- 
roidine,” and medicinal preparations of the gland. A dozen analyses 
were made ot tissues other than thyroid, and about sixty were of mixtures 
of iodide or iodate with fibrin, heart tissue, pancreas tissue, casein, or 
other non iodine containing protein. 

The author was led to question the Baumann process bv failure to obtain 
any iodine in nine thyroid glands from patients whose cases were reported 
as exophthalmic goiter, although iodine was found in glands from twenty 
similar cases, and also by failure in some instances to obtain concordant 
results by duplicate analyses of samples from the same gland. 

In my previous paper 1 it was shown that more or less of the iodine 
might be converted to iodate during the fusion process, and consequently 
not recovered by shaking out with carbon tetrachloride, if the proportion 
of iodate to iodide be greater than a certain amount, which is perhaps 
one molecule of iodate to five molecules of iodide. It was also shown 
that iodate left by the application of Baumann's process could be recovered 
by reduction. 

The present paper furnishes much additional experimental evidence 
of the necessity for using the reduction process. The objection 2 urged 
against this process is considered ; and analytical data are exhibited from 
a considerable variety of material. 

The essential points of the Baumann process are given in detail in my 
first paper. In outline they are: fuse the protein with sodium hydroxide 
and saltpeter to a homogeneous melt, extract the fused mass with water, 

1 This Journal, 31, 710 (June, 1909). 

* Seidell, Ibid., 32, 1326 (Dec., 1909). 
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filter, acidify with sulphuric acid, and shake out with chloroform. The 
chloroform solution of the free iodine is matched in color by a chloroform 
extract of a mixture consisting of sodium sulphate, sulphuric acid, sodium 
nitrite, and a known quantity of iodine as potassium iodide. 

The most impoitant mod fications of the Baumann process suggested 
in my first paper are: Use of caibon tetrachloride in place of chloroform. 
Use of 10 cc. Nessler tubes of wlnie glass in which 10 cc. of liquid makes 
a layer 10 cm. deep. Use of a fusion extract of a non- iodine containing 
protein instead of plain sodium sulphate for the preparation of standards. 
After the completion of the analysis by Baumann's method, the acid 
aqueous liquid, from which free iodine had been removed, was made 
alkaline, reduced with Devarda's alloy, filtered, acidified with sulphuric 
acid, sodium nitrite added, au> free iodine shaken out with carbon tetra- 
chloride and read against standards made from the reduction products 
of Devarda’s alloy and a known quantify of iodine. 

Several investigators have reported the finding of thyroid glands free 
from iodine, and theories have been constructed with reference to the 
function of “iodine-free thyroid.” In tip- analysis of over one hundred 
and eighty thyroid glands in this laboraton I have yet to find one free 
from iodine. If, however, 1 had used the Baumann process without the 
reduction feature, I could have reported more than a dozen glands as 
iodine-free. Table I exhibits some of these results 

In Tables I, II, III, IV, and VI the figures have been calculated from 
the readings to milligrams of iodine per gram of fresh gland or fresh 
proteid. In Table V, the figures mean total quantity of iodine in milli- 
grams in (he sample used for analysis. The term “trace” where ver used 
in this paper means less than 0.0 1 mg. of iodine in 10 cc. of carbon tetra- 
chloride. The untrained eye can readily appreciate 0.01 mg. of iodine in 
10 cc. of carbon tetrachloride when looking through a column of the 
liquid 10 cm. deep at a w r hite ground. Where percentages are given, 
traces are discarded in the calculations. 


No 

Before 

reduction. 

Table I 

After 

reduction 

No 

Before 

reduction. 

After 

reduction. 

1 

trace 

0.032 

7 

0.0 

<■> 035 

2 

0 0 

0 011 

8 

0.0 

0.0025 

3 - • 

0 0 

0 013 

9 

0.0 

O OJ 

4. . 

trace 

0.02 2 

10 

trace 

0 034 

5 

trace 

O 03 

1 1 

0.0 

0 043 

6 

0 0 

0.01 

12 

trace 

0 026 


Nos. 1 to 9 represent pathological human thyroids analyzed in 1907, 
using zinc dust as a reducing agent. It is possible that if Devarda's 
alloy had been used larger quantities of iodine would have been recovered. 
Some of these glands weighed from 150 to 200 grams so that although 
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the weight of iodine per grain of fresh gland was small, the total quantity 
was in some cases equal to that frequently found in normal glands. Nos. 
10 to 12 represent sheep thyroids very poor in iodine. 

Seidell suggests that the iodine which I found by reduction was that 
left in the aqueous liquid by imperfect extraction, although in the thirty 
analyses reported in my previous paper I used two portions of carbon 
tetrachloride of 10 cc. each, while he claims complete extraction with 
three portions of two or three cc. each. A few careful analyses in which 
more iodine was found after reduction than before would be sufficient 
to show the error of the foregoing suggestion. In tw r enty-five analyses 
1 find more than 50 per cent, of the iodine by reduction. 

Again if the iodine obtained by reduction be due to imperfect removal 
of the free iodine by the first extraction with carbon tetrachloride, then 
the greater the quantity found before reduction, the larger the quantity 
left by imperfect extraction to be recovered by reduction. Table II 
exhibits the analytical results upon glands rich in iodine in whi^h none 
or but traces were found by reduction. 

Tabus II. 


No 

Before 

reduction. 

After 

reduction 

No. 

Before 
reduction ' 

After 

reduction 

I 

O.47 

trace 

7 

0.36 

0.0 

2 

0.30 

u 0 

S 

i h 7 

trace 

3 

34 

0 0 

9 

0 97 

trace 

4 

O. 70 

trace 

10 

0.30 

0.0 

5 - • 

O.63 

0.0 

r 1 

0 71 

trace 

6 ... 

• 1.33 

trace 

12 

1 .04 

0.0 


In these cases where the largest absolute quantity of iodine should be 
found by 1 eduction, if Seidell’s assumption be well founded, 1 find none or 
but traces. 

In my previous paper it was stated that the most accurate readings 
were obtained when 10 cc. of carbon tetrachloride contained from 0.02 
to 0.15 mg. of iodine. (It is my practice to select such an aliquot part 
of the fusion extract as will bring the readings within these limits men- 
tioned.) But four of the readings of the thirty analyses of thyroids 
reported in that paper were above 0.15. Two were 0.16, one 0.20, and 
one 0.21. The average reading for the thirty was 0.11 mg. In each of 
these thirty analyses the acid aqueous liquid, which generally measured 
about 20 cc., was extracted with a second 10 cc. 1 of carbon tetrachloride 
to remove possible traces of iodine left by the first extraction before 
applying to reduction process. This detail was overlooked by Seidell in 
his reference to the reduction process. 

In order to determine the quantity of iodine left in 20 cc. of the acid 
aqueous liquid after one extraction with 10 cc. of carbon tetrachloride 

1 This Journal, 31, 712, line 7 and line 39. 
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the following experiment was performed : Ten cc of an iodine-free fusion 
extract were placed in each of six separators marked respectively A, B, 
C, D , E, and F. To each separator were added 0.2 mg. of iodine as potas- 
sium iodide, 1 cc. of a 1 per cent solution of sodium nitrite, 10 cc. of carbon 
tetrachloride, and about 7 cc. of 10 per cent, sulphuric acid which was 
enough to cause a strong acid reaction. The separators were then vigor- 
ously shaken with care to prevent loss by the escape of carbon dioxide. 
After three shakings at intervals of ten to fifteen minutes the carbon 
tetrachloride was drawn off from each separator as completely as possible. 
Ten cc. of fresh carbon tetrachloride w r crc then added to the contents 
of separator A , thoroughly shaken, filteied into a 10 cc. Nessler tube, 
compared wfith standards and found to contain much less than 0.01 mg. 
of iodine. This portion of carbon tetrachloride, which had made the 
second extraction of the acid aqueous liquid in A , was then added to the 
contents of separator B> shaken out and added to C and so on until the 
acid aqueous liquid in each of the six separators had been subjected to its 
second extraction by the same 10 cc of carbon tetrachloride. From the 
last separator (F) the carbon tetrachloride was filtered into a Nessler tube, 
compared with standards, and found to contain 0.03 mg. of iodine, from 
which I conclude that approximately 0.005 mg. of iodine is left in 20 cc. 
of acid aqueous liquid, originally containing 0.2 mg. of iodine, after iodine 
is retno\ed bv the /iks/ ten cc of carbon U trachloridc. This result was 
obtained before the publication of my previous paper. It has since been 
confirmed by two repetitions with concordant results. 

The acid aqueous liquid in the six separators was then subjected to a 
Ihitd extraction with 10 cc. of carbon tetrachloride, performed in the 
same manner as the second extraction already described, and found to 
contain no iodine. 

If 20 cc. of acid aqueous liquid contain lets than 0.2 mm. of free iodine, 
less wdll be left after the first extraction thus making a .second extraction 
quite superfluous. Experiment confirms this statement. Several samples 
of acid aqueous liquid containing from 0.1 to 0.15 mg. of iodine, when 
extracted with a second 10 cc. of caibon tetrachloride, gave a liquid that 
could not be distinguished from 10 cc. of the pure reagent by several 
observers each accustomed to colorimetric reading. 

The results of the application of this process to other glands, in which 
the presence of iodine might be suspected, are shown in Table III. 


No. 

Before 

reduction 

Table III. 

After 

reduction 

No. 

Before 

reduction. 

After 

reduction. 

I 

0.0 

0.0 

4 

0.0 

0.0 

2 

0.0 

0.0 

5 

0.0 

0.0 

3 

0.0 

0.0 

6 

0.0 

trace 


No. 1 was a thymus gland from a child one year old, 2 and 3, thymus 



696 


ORGANIC AND BIOLOGICAL,. 


glands from adults, 4 and 5, beef parathyroids, and 6 a human hypophysis. 
The record exhibited in Table III at least serves as a check on the purity 
of the reagents used in this investigation. 

The analyses shown in Tables IV and V were made by Miss Van Alstyne 
of this laboratory and to whom I wish to express my thanks. The de- 
terminations of iodine recorded in Table IV were incidental to physio- 
logical studies on the storing of iodine in the thyroid gland by dogs; and 
those of Table V to the standardizing of thyroid preparations used medici- 


nally. 

No. 

Before 

reduction 

Table IV 

After 

reduction 

No. 

Before 

reduction. 

After 

reduction. 

I 

359 

0.0 

6 

trace 

0.50 

2 

O 87 

0 0 

7 

0 05 

0.03 

3 

0 . 46 

O 0 

8 

0 06 

O IQ 

4 

9 32 

0 0 

9 

0.52 

O 17 

5 - 

4-37 

0.0 

10 

0. 25 

O if) 


/ 


Twenty four other determinations of iodine were made in the course 
of this investigation, fourteen of which gave other 5 per cent, of the iodine 
by reduction, while four gave all of the iodine before reduction. ^The 
extremely large quantities of iodine in Nos. 1, 4, and 5 were produced 


by previous iodine feeding. 







Table V 





Before 

After 


Before 

After 

No. 

reduction. 

reduction. 

No. 

reduction 

reduction. 

I 

O 58 

O 30 

4 

2 . IO 

O 36 

2 

trace 

0 18 

s 

O 38 

0.025 

3 • • • 

trace 

0.02 




Table VI shows the results of the analysis 

of various fractions of human 

thyroproteins by Dr. Beebe whom I again wish to thank for many favors. 



Table VI. 





Before 

After 


Before 

After 

No. 

reduction. 

reduction. 

No. 

reduction. 

reduction. 

1 ... 

. 0.68 

O. 19 

4 

0.30 

0.43 

2 ... . 

. 0.80 

0 20 

5 

O. 27 

O. 18 

3 

0 22 

0.39 





The figures exhibited in Tables IV, V, and VI clearly demonstrate that 
when 10 cc. of carbon tetrachloride are used with about 20 cc. of the acid 
aqueous liquid, imperfect extraction of iodine as suggested by Seidell 
in no way accounts for the results. 

A partial summary of the author’s work on the determination of iodine 
in the thyroid presents the following points; 14 out of 40 glands containing 
more than 0.25 mg. of iodine per gram of fresh gland gave above 5 per cent, 
of their iodine by reduction. Average of the 14 was 14.2 per cent. 38 
out of 59 glands which contained less than 0.25 mg. of iodine per gram of 
fresh gland gave above 10 per cent, of their iodine by reduction. Average 
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of the 38 was 55.2 per cent. Excluding from the 38, 13 glands 
which gave all of their iodine bv reduction and the average percentage 
of iodine obtained by reduction from the remaining 25 glands was 31.9 
per cent While this summary emphasizes the necessity of applying the 
reduction process to glands poor in iodine, particular analyses show that 
glands rich in iodine may sometimes yield a considerable quantity of their 
iodine by reduction. 

The experimental results ot this paper thoroughly confirm the statement 
of my previous paper, namely : that more or Ess iodate is usually present 
and that in an accurate determination of iodine in protein combinations 
it is never safe to omit the reduction feature. These results are not 
explained bv the statement “at extreme dilution the constancy of distribu- 
tion coefficients disappears,” which Seidell invokes. 

In attempting to follow Seidell’s interpretation of Baumann's process, 

1 find it impossible to be certain of several details. Seidell refers to 
Baumann’s earlier process, 1 instead of Ids later improved process. 1 ’ A very 
important and essential part of the process as described in both of Bau- 
mann’s papers is made optional, thus, Seidell directs, “If much charred 
organic matter is present a little sodium nitrate may be added,” etc., 
from which on? would infer that the addition of a nitrate during the fusion 
is not required, and in the absence of “much charred organic matter” un- 
necessary. I find a loss of about one half the total iodine to follow the 
omission of nitrate during the fusion process in two analyses of sheep 
thyroid rich in iodine. 

Baumann, Oswald, An ten, Marine and Wells, working with similar 
quantities of protein material to those used by vSeidell, employed 10 ec. 
of solvent (chloroform or carbon disulphide) to extract the iodine from 
the acid aqueous liquid. If this liquid be extracted with only two or three 
cc. of solvent instead of 10 ce , it would be expected that a considerable 
portion of iodine would remain to be extracted by further applications 
of fresh solvent. Although it is well known that two portions, say 5 cc., 
of solvent successively applied will dissolve slightly more solute than one 
portion of 10 cc., it is not clear wherein three successive applications of 

2 or 3 cc. of solvent confers accuracy upon this process, especially in view 
ot the fact that one application of 10 cc. ot solvent removes 97.5 per cent, 
of the iodine from the maximum concentrations used by the present 
writer. 

The statements by Seidell that “the reduction process as suggested 
by Riggs leads to greater errors in the determination of iodine than are 
inherent in the Baumann process” and “any iodine not removed before 

1 Z . physiol. Chem. t 21, 489. 

2 Ibid., 22, 1. 
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the reduction process leads to a positive error” are totally unsupported 
by experimental evidence. 

Department s ok Chemistry and Kxprkimfntal Therapeutics, 

Cornem University Medical School, 

New York City. 


AN APPARATUS FOR ABSOLUTE ALCOHOL. 

BY W H. Warkkn 
1 Received March 12, 1910 

Freshly prepared absolute alcohol is more reliable than the article 
supplied by dealers and much cheaper. One never feels quite sure with- 
out making a test that he is getting an alcohol which is really absolute. 
For preparing small quantities of this solvent there is no need of suggest- 
ing any modification of the usual procedure of boiling ordinary alcohol 
over burnt lime in a glass flask under a re turn -condenser and distilling. 

But large classes of students 
often require considerable ab- 
solute alcohol, the prepara- 
tion of which has to be left 
to persons more or less inex- 
perienced. Under these con- 
ditions there is frequent 
breakage of glass together 
with loss of alcohol, and an- 
other form of apparatus is 
desirable. For some time the 
apparatus shown in the draw- 
ing has given satisfactory re- 
sults in this laboratory. It 
is constructed of coppe and 
was made according to speci- 
fication by the firm of Eimer 
and Amend, New York. A 
tinsmith can make a less ex- 
pensive apparatus of heavy tin which will answer every purpose. 

The outer flanged copper vessel A has an inside diameter of 28 cm. 
and is 30 cm. high. It is tinned on the inside and the bottom is reinforced 
on the outside with iron for protection against heat. This vessel serves 
as a water-bath in which water is kept at constant level by means of the 
side tubulus a x provided with the overflow pipe a v The water which 
passes through condeqser D runs into a v Several openings a s at the top 
allow steam to escape. This bath rests upon bricks and heat is applied 
from the Fletcher burner F. 

Within A and resting quite free upon its flange is a second flanged 
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copper vessel, B. Except for the opening b i for introducing burnt lime 
and alcohol, this inner vessel is closed. It is 24 cm. in diameter and 28 
cm. high to the flange. The diameter of the opening b x is 57 mm. When 
filled with burnt lime, B holds about nine liters of commercial grain 
alcohol. 

A brass Y-tube C passes through a rubber stopper in b v The arm c x 
is straight and somewhat widened at the top to admit the rubber stopper 
connecting it with condenser />, but the arm c 2 is bent at an obtuse angle. 
On each arm beyond the point of divergence is a cock c 3 and c 4 . The 
internal diaini ter of these tubes is 15 mm., but a somewhat larger bore 
would be an advantage. Of especial importance is the bore of the cock 
which should be the same that of the tube. If the bore of the brass 
tube is too small, or the cuck has a smaller bore than that of the tube, 
alcohol will collect in the condenser during dehydration. 

Condenser 1 ) is connected with the top of c x by a rubber stopper. It 
should be long enough to cool well during dehydration and its bore should 
not be too small. Condenser E, connected with c 3 by a rubber stopper, 
is in the usual position for distilling 

By closing cock c A and opening cock c 3 , alcohol can be boiled until 
dehydrated. It is well to watch the apparatus closely until boiling pro- 
ceeds quietly. If heated too rapidly, or if the still is too full, alcohol is 
apt to start boiling so violently that it will be ejected from the top of the 
condenser. But this occurrence can be avoided by raising the tempera- 
ture gradually. When boiling begins, the flame can be adjusted and 
further attention is unnecessary. 

By closing cock c 3 and opening cock c f , a test portion of alcohol may be 
distilled at any time and its specific gravity determined. If dehydration 
is incomplete, the test portion may be returned through the top of the 
condenser. By reversing the cocks, boiling may be continued until a 
sample having a satisfactory specific gravity is obtained. Finally, when 
dehydration is complete, distillation may be begun without first cooling 
the alcohol. Of course all precautions should be taken to keep the dis- 
tillate from absorbing moisture from the air. 

A change in the construction of the still, which would probably be an 
improvement, may be suggested. When distillation begins and for 
some time after, alcohol comes over readily, but toward the end it distils 
slowly. Undoubtedly this is due to the size of the still, which, though 
well heated on the .side and bottom, is not so on the inside. If four or 
five tubes, closed at the upper and open at the lower end, were to project 
from the bottom into the interior of the still, the boiling water in these 
tubes would convey heat into the mass of alcohol and lime and hasten 
distillation. 

Several experiments were made with this apparatus to determine 
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how long to boil alcohol over lime before distilling. I have heard in- 
structors advise half an hour’s boiling as sufficient, whereas others have 
insisted that boiling over lime should be continued for a day at least. 
The tests I have made with this apparatus would seem to indicate that 
the longer rather than the shorter boiling is advisable. In making these 
tests there w T as no intention of entering upon an investigation of absolute 
alcohol, but merely of determining the proper conditions for preparing 
absolute alcohol for laboratory purposes so that definite directions might 
be given to an assistant having charge of such woik. 

A pycnometer holding 50 cc. was used in determining all specific gravi- 
ties. The weight of pure water at 15 0 C. was first determined in this 
apparatus and then the wtight of an equal volume of alcohol at the same 
temperature. Specific gravities were compared with those given by 
Squibb and percentages were calculated from his tables. 

Experiment 1 . — Small pieces of burnt lime were put into the still 
to within an inch of the flange, and covered with nine liters of commercial 
grain alcohol. This alcohol is said to contain 188 per cei>t. of proof 
spirit. Its specific gravity was found to be 0.8198 (=- 91.04 per cent, 
by weight). Before beiug heated, the alcohol stood in contact with lime 
for twenty-four hours. At the end of that time heat was applied and 
from the moment the alcohol began to boil, a test portion (about 250 cc.) 
was distilled every fifteen minutes and its specific gravity determined. 
The results of these tests are given in the following table: 


No 

Time of boiling 
m hours. 

Sp. gr nt 15 0 
by pycnometer. 

Percent of al- 
cohol by weight 

I 

. O 25 

O 7988 

98 41 

2 

. O 5 

°- 797 2 

98.91 

3 - - 

• 0 73 

0 7965 

99 . 13 

4 

1 0 

0.7958 

99 35 

5 - • 

. 1 2 s 

°* 7952 

99-53 

6. 

. 1 S 

0 7950 

99 61 

7 • 

* 1 73 

0-7949 

99 65 

8 . ... 

2.0 

0.794s 

99-77 


Most of the alcohol after the eighth sample, which contained 99.77 
per cent., was distilled into a large bottle. Its specific gravity was 0.7943 
( = 99 84 per cent.). The final 500 cc. of alcohol was collected by itself 
and had a specific gravity of 0.7940 (~ 99.94 P er cent.). Nine liters 
of 91.04 per cent, commercial grain alcohol usually yield about six liters of 
absolute alcohol which will vary slightly in strength depending upon the 
length of time the alcohol is boiled over lime. From these tests the con- 
clusion was drawn — and this conclusion was confirmed by later tests — 
that two hours’ boiling is by no means sufficient to get the best possible 
absolute alcohol. 

Experiment 2 . — Nine liters of commercial alcohol were placed in the 
still with lime, and boiled for two hours without being allowed to stand 
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as in the first experiment. At the end 01 that time a sample of alcohol 
was distilled and tested. This was repeated at the end of each succeeding 
hour and the results are given in the following table: 


No 

Time of boiling 
in hours 

vSp gr at 1 s° 
by pycnometei 

Per cent of al- 
cohol by weight 

I 

2 

0 7964 

99 16 

2 

3 

O 7954 

99 4 s 

3 

4 

0.7944 

99 Si 

4 

5 

0 7943 

99 H 

5 

6 

0.7942 

99 87 

6 

7 

0 . 794 - 

99.87 

7 

X 

0 7942 

99.87 


The experiment had to be stopped at the end of the eighth hour The 
remainder of the alcohol stood in contact with lime about 30 hours when 
boiling was resumed. At the end of an hour’s boiling a sample was 
taken and found to have sp. gr. 0.7942 ( - 99.87 per cent.). From this 

experiment it would appear that when the alcohol reaches the point 
where it gi\es a distillate containing 99.87 per cent., it remains constant. 
This point in this experiment was reached aft r six hours' boiling. Vet 
the mass of the alcohol shows a higher percentage, for most of the 
alcohol as in the first experiment was collected in a large bottle and had 
a specific gravity of 0.7940 ( = 99 94 per cent.). The final portion ot 
distillate was collected by itself but its specific gravity was the same 
as that of the main sample. 

Experiment 3 , — The two preceding experiments show that alcohol 
after twenty -four hours standing over lime will give a distillate at the 
end of two hours’ boiling, containing 99.77 per cent.; whereas the same 
alcohol that ha 4 ' not stood will give, after being boiled two hours, a dis- 
tillate containing 99.16 per cent. This seemed to indicate that previous 
standing over lime might be of advantage. This experiment was made 
to see if this is the case. 

Nine liters of alcohol stood over lime twenty-four hours. At the end 
of that time the alcohol was boiled two hours and then tested A test 
was also made at the end of each succeeding hour with the results given 


in the following table : 

Time of boiling 

Sp gr. at is° 

Per cent, of al- 

No 

in hours 

by pycnomelei 

cohol by weight 

1 

2 

O 7952 

99-55 

2 ... 

3 

0.7950 

99.61 

3 

4 

o -7943 

99.84 

4 • • 

5 

0 7942 

99 87 

5 • 

6 

0 7942 

99.87 


From this experiment it would appear that alcohol, which has pre- 
viously stood over lime, can be brought to the point where it will give a 
distillate having a constant specific gravity sooner than it can if not 
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allowed to stand; but the difference in time is so slight that there is no 
advantage in the previous standing. 

Experiment 4 .— The quantity of burnt lime in the preceding experi- 
ments is much in excess of that theoretically needed to take up the water 
present. Consequently, the yield of absolute alcohol is not as high as it 
would be if less lime were used. In the hope of increasing the yield with- 
out lowering the strength of the alcohol, I made two testsconducting de- 
hydration in two stages and each test gave essentially the same result. 

Nine liters of commercial alcohol were boiled for six hours over 2100 
grams of burnt lime. This is slightly more lime than is required to take 
up the water. The specific gravity of a sample of alcohol at the end of 
six hours’ boiling was 0.8006 ( = 97.83 per cent.) and that of the entire 
distillate was 0.7980 ( — 98.66 per cent.). The total distillate measured 
7450 ec. 

I then returned the 7450 cc. of partially dehydrated alcohol to the still 
with 300 grams of burnt lime, a quantity slightly in excess of that theo- 
retically needed to combine with the water. The specific gravity, of the 
total distillate after six hours’ boiling was 0.7970 ( = 98.97 per cent.) 
and it measured about 7300 cc. 

The yield of absolute alcohol by this method is much better but twice 
as much time is required and the alcohol, though sufficiently good for 
most purposes, is bv no means as nearly absolute as it is after one treat- 
ment with a large excess of lime. 

Summary. 

1. It is not possible to deprive commercial alcohol of all its water by 
boiling over lime. Dehydration takes place gradually up to a certain point 
and it is useless to boil longer under return-condenser when the test- 
distillate contains 99.87 per cent. 

2. Commercial alcohol can be brought to the point where it will give 
a test-distillate containing 99.87 per cent, by boiling six hours without 
previous standing over lime; or, by boiling five hours, after allowing the 
alcohol to stand for twenty-four hours over lime. 

3. When the test-distillate contains 99.87 per cent., the alcohol, if 
distilled, will contain as a whole 99.94 per cent. I have never succeeded 
in getting a distillate containing a higher percentage of alcohol than this. 

4. It is possible to increase the yield of absolute alcohol by conducting 
the dehydration in two stages and using each time a quantity of lime only 
in slight excess of that theoretically required to combine with the water 
present. But the absolute alcohol obtained will by no means be as strong 
as it will be if dehydration takes place at one operation in presence of a 
large excess of lime. 

Washington University Medical School, 

St. Louis, Mo. 
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NOTE. 

An Adjustable Automatic Burette . — While working at the Minnesota 
Experiment Station in 1906 011 a large number of nitrogen determina- 
tions, it was found that the method of measuring the acid and alkali was 
slow, inaccurate, and not at all neat. The need of something of an auto- 
matic nature was felt, but nothing could be found in any of the catalogues 
of apparatus. 

Work was started on a device which would be automatic and also ad- 
justable. The first ones which were made according to drawings failed 
in the second requirement. 

However, the idea was not aban- 
doned. and early this year a new 
form of float was conceived. 

This solved the difficulty effectu- 
ally. 

Two of the burettes have been 
at work in this laboratory for 
some time. One measures 20 cc. 
of concentrated sulphuric acid 
and the other 50 cc. of concen- 
trated sodium hydroxide. They 
have made some 700 measure- 
ments very successfully. The 
percentage of error is so small 
as to be disregarded. 

Since devising the above ap- 
paratus, there have come to my 
notice descriptions of two auto- 
matic pipettes. One devised by 
H. S. Bailey was described and 
illustrated in This Journal . 1 
However, it is not adjustable 
and allows of greater error in 
measurement. The other is by 
Professor G. E. Patrick and fully 
described in Bulletin 19, Iowa Agricultural Experiment Station, Novem 
ber, 1892. This one is adjustable, but to only a limited extent. 

Believing that the burette herein described does not possess the faults 
above mentioned, I herewith submit it with the hope that it may find 
general use in laboratories, creameries, and, perhaps, in some manu- 
facturing establishments. 

By referring to the figure, it is seen that the construction is very simple. 

1 30, 1508 (1908). 
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Two tubes are connected at their lower extremities by a four-way stop- 
cock, D, to the supply tube above and the delivery tube below. This 
stopcock is bored in such a way that the exit of a hole is 90 ° from the 
entrance. 90 0 further around is the entrance of the other hole, which, 
in turn, is the same distance from its exit. In this way each passage 
can be made to communicate with either side, A or B, of the burette by 
merely turning the stopcock one-quarter turn to the right or left. The 
position of the hole » or passages permits of the filling of one side and the 
emptying of the other simultaneously, so that while one charge is being 
delivered another is being measured. 

Control of the liquid is secured by means of open floats, C, containing 
a small quantity of mercury, which act as a seal on the bottom of the glass 
tube, E. These tubes, E , allow the passage of air to and from the burette 
They are adjustable up and down and permit of the calibration of the 
burette to such quantities as may be desired within the limits of the 
burette. 

The liquid is taken out of the supply bottle by means offa siphon or a 
tubulature at the bottom. In either case a stopcock is interposed be- 
tween the supply and the burette merely as a means of safety. 

The apparatus is by no means flimsy and can be made for a reasonable 
price, within the reach of any laboratory. It is the intention, also, to 
adapt the apparatus for industrial work where it is required to mix definite 
volumes of liquids repeatedly. J. 1). Rosie. 

Cereal Laboratory, University of California 
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Four years ago, in This Journal, P. A. Levene began his r£sum£ of 
biochemical literature with the statement that work in biochemistry had 
enormously increased. This is true to a very much greater degree to-day, 
as is evidenced by the establishment since Levene wrote of three new 
journals: viz., Zcitschrift fur Biochemie , The Biochemical Journal , and 
the Journal of Biological Chemistry , though one of the old journals (Hof- 
meister’s Beitrage) has been merged with the first of the three. It will 
therefore be utterly impossible in the space at my disposal to consider 
more than a fraction of the important publications which have appeared 
since Levene 1 s review. One of the notable factors in this enormous 
increase in biochemical work is the tendency of organic chemists again 
to take for the subject matter of their research substances occurring in 
living things, as was the custom more than a generation ago before the 
great expansion of synthetic organic chemistry. Therefore the last 
years are characterized by the determination of the constitution and 
sometimes by the synthesis of bodies already known rather than the 
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discovery of new bodies. This is particularly true of protein chemistry. 
No new ultimate component of protein has been discovered despite the 
calculation of Osborne, Leavenworth and Brautlecht that about 14 per 
cent, of the nitrogen is still unaccounted for. 1 Abderhalden, Levene, and 
Osborne with their collaborators, as well as others, have continued to 
make us acquainted with the amino acids of a large number of proteins; 
but their hydrolyses have not led to the discovery of any new r amino 
acids. The important fact has come to light that some amino acids are 
absent in some vegetable proteins. Rye, wheat, and barley gliadin and 
zein lack lysine and are poor in arginine and histidine, while zein also 
lacks glycocoll and tryptophane. 2 

The old problem as to whether homologous proteins from different 
species are chemically identical, has again been attacked, chiefly by 
Osborne and to a less degree by Abderhalden. The method consisted in 
determining as quantitatively as possible the amino acids obtained on 
hydrolysis and comparing the results. Osborne and Clapp 2 compared 
the gliadin from wheat, rye, and barley, and found them very similar, 
corresponding to the close genetic relationship of these plants. On the 
other hand Osborne and Ileyl 4 found that the leguinin from the veitch 
and pea are probably not identical. Abderhalden and Schittenhelm 
chose the caseins from different milks and found that in cow’s, goat’s 
and probably also in woman’s milk the component amino acids are so 
similar quantitatively and qualitatively that one is not justified from 
these data alone in concluding that there is any difference. 5 Now it is 
very probable from more purely biological considerations that some 
proteins which yield the same amino acids on hydrolysis, must neverthe- 
less be different. It appears that sometimes it is not enough to know' 
the component amino acids. It is necessary to know also the ways in 
which they are linked together. Kisclier and Abderhalden, 6 Abderhalden 7 
and akso Skraup 8 have approached this question by the method of partial 
hydrolysis. A protein, the products of which on complete hydrolysis are 
known, is partially hydrolyzed. The products of this partial hydrolysis 
are separated and each is then hydrolyzed by itself. Thus some notion 
may be gained of the ways in which the component amino acids are linked. 
In this fashion Abderhalden 6 obtained from edestin a body yielding 
glutaminic acid and tryptophane, another yielding glutaminic acid, 
tryptophane and leucine, and a third yielding tyrosine, glycocoll and 
leucine. From elastin he obtained /- leu cyl-d- alanine. The isomer of 
the latter had previously been obtained by Fischer and Abderhalden. 6 

While these studies have not led to the discovery of new amino acids, 
F. Ehrlich has shown that both normal and^ isoleucine occur in nature, 
the latter especially in plants. 10 This discovery grew out of important 

1 . 4 w /. Physiol. , 23, 200. 

2 Osborne and Clapp, Am. J. Physiol , 20, 494 

8 Cf. supr. 

4 Amer. Jr. Physiol ., 22, 423. 

B Z. physiol. Chem ., 47, 458. 

• Per ., 40, 3553 - 

7 Z. physiol. Chem., $8, 373. 

8 Monatsh. Chem., 30, 289. 

• Loc. tit . 

10 Ber. t 40, 2538. 
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researches carried out by Ehrlich 1 and H. Pringsheim 2 independently 
culminating in the proof that amyl alcohol produced by yeast in fermenta- 
tion was not the product of carbohydrate fermentation at all but of the 
protein metabolism of the yeast cell. The latter if offered leucine as a 
source of nitrogen deamidizes it, utilizing the ammonia to build up its 
own protein and excreting amyl alcohol. The fact that both w- and iso- 
leucine occur, accounts for the formation of both n- and isoamyl alcohol. 
Somewhat similar conditions have been demonstrated for the B. protcus 
by Naviasky . 3 Ehrlich 4 was able to use his discovery in splitting racemic 
amino acids by partial fermentation with yeast in sugar solution. He 
thus isolated d-leucine, d-alanine, /-valine, ^-phenylalanine, d-serine, 
and /-a-aminophenylacetic acid, the latter being new. 

Among the known substances the constitution of which has been cleared 
up is tryptophane. It has been shown to be 5 

C\CII(NH 2 ).CH s .COOH 

c,h 4 0ch 

NH 


and the racemic form has been made synthetically. Furthermore Pauly , 6 
Knoop and Windaus , 7 and Knoop 8 have proved that 'the formula of histi- 
dine is 


CH— Nil 


-N' 


CII 


CH 2 CH(NH 2 ) COOH 


and Windaus and Vogt 9 have made progress in its synthesis. It will be 
noted that histidine is an imidazole derivative, a fact that is particularly 
significant if we recall that Pinner long ago showed 10 that an imidazole 
complex occurs among the alkaloids in pilocarpine. The discovery of 
the imidazole group in proteins gains further significance from the fact 
that Knoop and Windaus 11 have found that by the action of ammonia 
upon glucose imidazole derivatives are formed. E. Friedman 1 *’ cleared 
up the constitution of adrenaline (epinephrine, suprarenine) and advanced 
far in its synthesis as did also Stolz. v Stolz and Flacher finally succeeded 
in making ^/-adrenaline synthetically. The commercial importance of 
this substance has greatly stimulated studies along these lines, which are 
recorded mainly in the patent literature. Recently Flacher 13 has suc- 
ceeded in separating the synthetic product into its d - and /-components 

1 Ber., 40, 1027. 

* Bioch. 7 .., 3, 121. 

9 Arch . Hyg. f 66, 209. & 

4 Biochem. Z. t 8, 438. 

* Ellinger and Flamand, Ber., 40, 3029. 

9 Z. physiol. Client ., 42, 513. 

7 Beitrage chem. Physiol. Path., 7, 144; 8, 406. 

8 Ibid., 10, hi. 

9 Ber., 40, 3691. 

10 Ibid., 35, 2444. 

11 Ibid., 38, 1166. 

12 Beitr. chem. Physiol. Path., 8, 95. 

18 Z. physiol. Chem., 58, 189. 
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by means of the acid d-tartaric acid salt. Cushny, 1 H. Mayer and Loewi, 2 
and Abderhalden and Muller 3 have studied the isomers and have shown 
that the /'adrenaline is the most active; ^-adrenaline is so much weaker 
that its activity might possibly be due to contamination with /-adrenaline, 
a striking instance of how slight differences in constitution may condition 
enormous differences in physiological action, d/- Adrenaline is interme- 
diary. 

Constitutional studies have, however, not been limited to bodies of 
unknown conformation. K. Fischei, in order to get easily by synthetic 
means material for his syntheses of polypeptides, has been driven to de- 
vise new methods for the synthesis and the characterization of well known 
amino acids. I11 this work he was confiouted with the possibility of 
intramolecular rearrangements such as were first described by Walden. 
As long as there is a possibility of such rearrangements there can be no 
certainty that synthetic amino acids actually have the constitution to 
be expected from the method of preparation. It therefore became neces- 
sary to determine the conditions under which these rearrangements take 
place. The study of a series of amino acids led to the conclusion that this 
phenomenon is a most complex one, to be understood only on the basis 
of extensive experimental data 4 which he has since been engaged in supply- 
ing. For the present all conclusions as to the constitution of new bodies 
derived by substitution of the asymmetric carbon must be regarded as 
provisional. 

With the increased ease of obtaining amino acids as the result of these 
and earlier similar studies by Fischer and his school, it became possible 
to link together amino acids in the same way in which they occur in pro- 
teins. In this way an octadecapeptide of a molecular weight of 1213 was 
made, the constitution of which is absolutely clear. Still larger molecules 
might easily be made. 5 These bodies, obtained by condensation of two 
or more amino acids, and known as polypeptides, were also found natur- 
ally. Fischer and Abderhalden 6 found glycvl-d-alanine among the prod- 
ucts of hydrolysis by acids, w hile Levene at nearly the same time and 
independently found glycyl-proline among the products of digestion. 7 
This was followed by the discovery by Fischer and Abderhalden 6 of a 
tetrapeptide which could be salted out with ammonium sulphate like an 
albumose. Fischer 8 succeeded in making synthetically a tetrapeptide 
resembling it iu every way except that it can not be salted out with am- 
monium sulphate, it would therefore seem that not merely is tyrosine 
necessary to give these peptides an albumose character, but it must also 
occupy a definite position. Thus Fischer’s tripeptide, cZ-alanyl-glycyl-/ : 
tyrosine, can be salted out by ammonium sulphate, 0 while its isomer 
glycyl-cZ-alanyl-Z- tyrosine prepared by Abderhalden and Hirzowski 10 

1 J. Physiol., 37, 130. 

2 Arch exp . Path. Pharmak 53, 213 

8 Zeil. physiol. Chcm 58, 185 

4 Ber., 41, 2894. 

8 Ibid., 40, 1754. 

• Ibid., 40, 3544. 

7 /. Exp. Med., 8, 180 

8 Ber., 41, 850. 

8 Ibid., 40, 3704 - 

lp Ibid., 41, 2841. 
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cannot. The preparation of this type ’of peptide, containing hydroxy- 
amino acids, presents great difficulties because of the sensitiveness of 
the hydroxyl. Fischer overcame this difficulty by the introduction of a 
carbomethoxy group into the hydroxyatnino acid. 1 

These more purely chemical studies, resulting in a better understanding 
of the cleavage products of protein, have reawakened interest in the old 
question as to the possibility of the synthesis of protein in the animal 
organism. As long ago as 1902 Loewi showed that a dog could be made 
to retain nitrogen when fed upon carbohydrate and pancreas autolyzed 
to the disappearance of the biuret reaction. The inferences which should 
be drawn from this evidence were not accepted at once; but to-day, due 
to the work of Abderhalden and Rona/ Henriques and Hansen, 8 Liithje 4 
and others, it may be regarded as settled that the dog is able to maintain 
nitrogen equilibrium by means of the biuret-free cleavage products of a 
single protein or better still of a mixture of proteins. It seems to be im- 
material whether the cleavage is carried out by autolytic enzymes already 
present, or by the addition of peptic or tryptic enzymes, or whether it is 
carried down to the simplest amino acids. It is probable that a con- 
siderable variety of amino acids must be present, which offers an explana- 
tion for the well-known fact that gelatin is incapable of ^placing the 
ordinary food proteins, for Kauffmann 5 was able to maintain nitrogenous 
equilibrium upon a diet containing no ordinary protein but in its stead 
gelatin, together wfith the cystine, tyrosine and tryptophane which gelatin 
lacks. Nitrogen equilibrium can, however, be maintained upon protein 
cleavage products only when carbohydrates are also fed; not wdien they 
are absent and replaced completely by fat, fi a fact which finds its analogy 
in plants in the synthesis of asparagine to protein which takes place only 
in the presence of starch. However, even in the presence of carbohydrate, 
protein regeneration is impossible from the cleavage products obtained 
by hydrolysis with strong mineral acids, probably because of secondary 
decompositions and racemizations. Still more recently Abderhalden, 
Meszner and Windrath 7 by feeding dogs casein far hydrolyzed with 
pepsin and trypsin were able not merely to maintain nitrogen equilibrium, 
but also to cause nitrogen retention. As regards the herbivora we are 
still in the dark. There is as yet no evidence that they regenerate protein 
from crystallizable ajnino acids; but this question has interested investi- 
gators less than the problem whether herbivora are able to synthesize 
protein from the amides which form so important an element of their 
food and which in some instances (asparagine) are, for herbivora, excellent 
protein sparers. M. Muller , 8 Voltz, 8 and Lehmann 10 believe they have demon- 

1 Ber , 41, 2860. 

2 Z. physiol. Ckem., 47, 397; 52, 507. 

* Ibid , 49, 1 14. 

4 P Auger* s Archiv, 113, 547. 

Ibid , 109, 440. 

8 J,uthje, Ergebmsse der Physiologie (1908), s. 827. 

7 Z. physiol. Chem., 59, 35. 

8 P Auger* s Archiv, 112, 245. 

9 Ibid., 1 12, 413. 

10 Ibid., 112, 339; 115, 448. 
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strated this protein synthesis, while Friedlander , 1 Kellner 2 and others 
hold the opposite view. Morgen, Berger and Westhausen 5 in studying 
the effect of amide nitrogen upon milk production conclude that it is not 
able to replace protein. 

These views have led to endeavors to learn just how far the proteins are 
split in the gut, and in what form they are absorbed in consequence. Is 
it necessary for each protein to be split completely into amino acids, or 
is only a portion of the amino acids removed leaving larger complexes 
like polypeptides? The most recent evidence speaks for the latter pos- 
sibility. There is in laet no evidence that all proteins must necessarily 
be split before they can be utilized; there is much against this view. 
Fischer and Abderhalden 4 have long since shown that neither tryptic nor 
peptic digestion, nor both combined, are able to split protein to such an 
extent that all the polypeptides disappear. I11 a series of researches 
Abderhalden and London, Abderhalden, London and Renveelin , 5 Abder- 
halden, Mcdigreceanu and London 0 have endeavored to learn just how 
far digestion proceeds in the different sections of the gut. These re- 
searches have not yet been entirely completed, but it has been shown 
after feeding edestin, casein, and egg albumin, that the amount of material 
precipitable with phosphotungstic acid rapidly diminishes as the food 
passes down into the lower sections of the intestines. The amount of 
tyrosine in this precipitate is very slight even in the upper sections of the 
intestines, while glutaminie acid is very much more slowly split off. It 
is present in the phosphotungstic acid precipitate from the contents of 
the lowest parts. All this is in harmony with the fact long known that 
some proteins fed to excess may appear in blood and urine in small amounts. 
It has furthermore long been known that proteins introduced intrave- 
nously or parenterally may be utilized, phenomena that have more recently 
been reinvestigated by Lommel . 7 Freund 8 and Borehardt 1 ' have en- 
deavored to explain the seeming discrepancy between the fact that proteins 
introduced parenterally or intravenously are utilized, apparently diiectly, 
and the fact that those introduced per os are first more or less 
split. Freund 10 believes that the intervention of the intestines is necessary 
in ordgr that during hunger protein may be decomposed, while Bor- 
chardt 10 was able to show' that parenterally introduced elastin albumoses 
which are easily distinguished from other albumoses, actually accumulate 
in the intestinal wall. According to this view the conversion of one body 
protein into another requires the intervention of the intestines, a view 
in harmony with the theory that protein cleavage is a necessary prelimi- 
nary to protein synthesis. Thus the view is gaining ground that the 
intestines are not merely the seat of protein cleavage and subsequent 

1 Die Landw. Wrsuchsta . (1907), s. 283 

2 P finger's Archiv, 113, 4S0. 

3 Die Landw. Vers uchsta. (1907), 413 

4 Z. physiol. Chem., 39, 81; 40, 215. 

3 Z. physiol Chem , 58, 432 

• Ibid., p. 435. 

7 Arch. exp. Path Pharm ., 58, 50. 

8 Z. exp. Path. Therap., 4, 1. 

• Z. physiol Chem., 51, 506 

1 0 Loc . cit. 
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absorption of the cleavage products, but also of protein regeneration. 
The question how far the proteins are regenerated within the intestinal 
wall still remains open. Older observers, and more recently Freund 1 
and Borchardt , 1 were able to demonstrate albumoses and peptones in the 
blood, whereas Morawitz and Dietschy- were unable to do so. Upon 
the decision of this question hinges very largely Abderhalden’s conception 
of protein metabolism 8 Within the gut the proteins are split more or 
less. In the intestinal wall protein is regenerated — not the protein of 
the tissues, but of the blood plasma. From the latter the tissues form 
their specific proteins. 

These ideas give us no notion of the mechanism by which proteins are 
formed from crystalline material; and of course nothing but surmises 
can be offered upon this point. Still Taylor 4 and Robertson 6 have shown 
that their synthesis by enzyme action is possible. Taylor 1 took the pure 
amino acids obtained from protamine in concentrated solution and al- 
lowed trypsin to act upon this mixture. After some months he was able 
to obtain a small amount of material which had the same physical char- 
acteristics as, and the empirical formula of, the original protamine. 
Whether it was identical or merely isomeric with it was not determined. 
On the other hand Levene and Van Slyke H have brought forward evidence 
that plastein, supposed to be produced by the action of trypsin upon 
albumose, may be nothing but albumose and not native protein. 

These advances have not been without their influence upoji the inves- 
tigation of pathological protein metabolism. Abderhalden and Samuely , 7 
Falta and Langstein , 8 Garrod , 0 Neubauer , 10 and others, have made in- 
teresting studies upon the metabolism in alkaptonuria. The latter 
depicts normal metabolism as follows: The protein molecule is split 
within the organism mainly into amino and diamino acids. By oxidation 
and deamidization the amino acids are converted into the corresponding 
keto acids. The keto acids of the aliphatic series are converted by 
cleavage of carbon dioxide and oxidation into acids with one less C-atom. 
Their subsequent oxidation follows known law r s. Of the aromatic amino 
acids tyrosine is first converted into the corresponding keto acid, which 
is oxidized to the corresponding quinol and then converted into hydro- 
quinonepyrotartaric acid. The latter, after splitting off carbon dioxide, 
is oxidized to the next lower acid, homogentisinic acid. By further 
oxidation the benzene ring is opened and acetone bodies appear which 
are burned to carbon dioxide and water. Phenylalanine is converted 
either into phenylpyrotartaric acid or into tyrosine and then into />-hydroxy- 
phenylpyrotartaric acid. It is then oxidized like tyrosine. In alkapton- 
uria only the oxidation of tyrosine and phenylalanine is disturbed, pro- 

1 Loc cit. 

2 Arch . expt . Path. Pharm., 54, 88. 

8 Abderhalden, Funk und London: Z. physiol, them ., 51, 272. 

4 J. Biol . Chem 5, 381 ; Z. physiol. Chem ., 69, 585. 

fi J. Biol. Chem., 5, 493. 

• Biochem. Z., *3, 458; 16, 203. 

7 Z. physiol Chem., 46, 193. 

8 Deut. Arch. klin. Med., 81, 250. 

9 Lancet , 1908, 

10 Dent. Arch. klin. Med. t 95, 211. 
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ceeding only to honiogentisinic acid. The method of oxidation of tryp- 
tophane is not known. 

Wolf and Marriott, 1 Wolf and Shaffer, 2 Williams and Wolf, 3 Simon, 4 
and Oarrod 5 have in part confirmed, in part modified and added to the 
views of Alsberg and Tulin® on cystinuria. The view of Loewv and 
Mayer 7 that more than one form of cystine exists has not been confirmed. 8 
It is possible that discrepancies are due to the occurrence of tyrosine 
in some urinary cystine stones. 9 

While all these advances in protein chemistry, however important, 
are but continuations and elaborations of older lines of work, this is not 
so for the chemistry of the fats and lipoids. Their study, which had 
flagged, has received a powerful stimulus because of the renewed interest 
in the chemistry of the nervous system; because of the theory advanced 
by ( )verton and H May* r that the lipoids are involved m the mechanism 
of the action of the indifferent narcotics; because of the view, now pretty 
general, that the lipoids are an important element of the cell-membrane; 
and finally because it has been shown that they are an important 
factor in some of the phenomena of hemolysis and immunochem- 
istry. The upshot of this activity has been, curiously enough, to 
win posthumous recognition for the work of Thudichum. 10 The majority 
of the substances isolated by him have to-day a definite status. 11 The 
animus which seems to have crept into Jiese most difficult studies 
from the beginning still remains, being concentrated in two dis- 
cussions. The first involves the chemical unity of protagon. This is 
maintained by Wilson and Cramer 12 but denied by Rosenheim and Tebb, 13 
a confirmation of Lcsem and Gies, 14 and a long series of investigators 
reaching as far back as 1874 (Thudichum) The general drift of opinion 
seems to be to regard it as a mixture. The second subject of polemic 
is intimately associated with the protagon question. It concerns the 
identity of cerebrin, cerebron, pseudocerebrin, and phrenosin. Chiefly 
concerned in it have been Posner and Gies 15 and Gies lfl maintaining the 
identity of cerebron and phrenosin, and Thierfelder 17 denying it. It is 

1 Avia J. Med Sunue, 133, 197 

2 J Biol. Chcm ., 4, 430 

8 Ibid , 6, 337. 

4 Z . physiol. Client 45, 357. 

8 Loc. cit. 

• Amer. J. Physiol., 14, 54. 

T Z. physiol. Client , 44, 472. 

8 Fischer and Suzuki, Z. phynol. Chem , 45, 405; Abderhalden, Ibid., 51, 301;* 
Rothera, J. Physiol., 32, 177 

8 Fischer and Suzuki, Loc at 

10 “Die chemisehe Konstitution des Gehirns dcs Mensehen und der Tiere.” Tubingen, 
1901. 

11 Koch, Am. J. Physiol , 11, 303. 

12 J. Exp. Physiol., 1, 97. 

18 /. Physiol, 36, 1. 

14 Am. J. Physiol , 8, 183. 

18 J. Biol. Chem , 1, 59. 

11 Ibid., 2, 159. 

17 Z. physiol. Chem* 46, 518. 
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probable that they are identical, and incidentally Posner and Gies have 
also offered evidence for the heterogeneous nature of protagon. It is 
evident, therefore, that despite the renewed interest in the brain, this, 
the most difficult field of all biochemistry, still needs a tremendous lot 
of cultivation. Perhaps the most important fact that has as yet appeared 
is the existence of highly unsaturated fatty acids in the molecule of some 
of the brain lipoids. Lecithin, more usually studied in egg-yolk than in 
the brain, may of course contain oleic acid. A still more unsaturated acid 
can be obtained from the lipoid kephalin, Thudichum's kephalinic 
acid, which is so oxidizable that it lias not yet been obtained pure . 1 Phy- 
siologically the presence of these oxidizable substances in the brain is 
significant. They help to make brain chemistry complex, a difficulty 
which is further increased by the probable occurrence of stereoisomers 
of the commoner acids of which a larger variety is present in the brain 
than was formerly supposed. Frankel obtained lauric and myristic 
acids , 2 while Thudichum’s isomer of stearic acid has gained in probability 
since Kunz-Krause and Massute 8 have actually obtained such an acid 
from Indian cantharides, probablv isomeric with stearic acid: (C 4 H 0 ) 2 . 
OH (CH 2 ) 3 . CH .C H3.CHjCHCH3.COOI I . 

All these findings indicate a great variety and complexity/of the brain 
lipoids. This seems to apply to other tissues as well . 4 Moreover the 
lipoids seem to differ in different tissues so that specific tissue differences 
may perhaps in great measure be due to specific lipoids. 

The specific nature of many of the lipoids is based not "'merely upon 
their isolation and chemical characterization but also upon experimental 
work in the field of hemolysis and immunity. Gottlieb and Lefmann , 5 
and Lefmann , 8 have shown that the toxic substances of red blood cor- 
puscles are probably lipoids because they are soluble in ether and in oil. 
Lefmann 7 has shown that the lipoids of the corpuscles of the same species 
of animal are not toxic whereas those of another species of animal may be 
very toxic. Bang and Forssnian have offered similar evidence of the 
specific nature of the lipoids . 8 Noguchi 9 has shown that many hemolytic 
substances are merely soaps, while Faust and Tollquist 10 found that many 
unsaturated fatty acids are powerfully hemolytic. Neuberg 11 has shown 
that there is some sort of relation between hemolysis and lipolysis, for 
lipase always accompanies hemolysins. Noguchi 12 has, also shown that 
the lipoids are concerned in bacteriocidal action, v. Liebertnann 13 was 
able to use oleic acid as an immuno-body. 

1 Koch, Lor. cit. 

2 Ergebmsse drr Physiologic , 1909, p. 251. 

* Ghent. Ztg., 31, 991 
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As one would expect from the discovery that the tissue lipoids occur in 
considerable variety, the unsaturated fatty acids are not confined to the 
brain. Leathes 1 and Hartley 2 as well as some of the investigators of tissue 
lipoids, already mentioned, have shown that fatty acids more unsaturated 
than oleic acid occur abundantly These are derived no doubt for the 
greater part from the lipoids but a part probably occur as glycerides . 3 
The adipose tissues, however, contain none but the ordinary glycerides. 
Leathes 2 has therefore been led to the following view: 

“It seems therefore that the fat is deposited in the connective tissues 
unchanged, changes subsequently taking place in it, with the result that 
it contains more of the unsaturated acid, before it is used in the organs 
in which it is broken up The unsaturated linkages become more 
numerous, presumably because it is at these points that the chains of car- 
bon atoms are to break. If we could catch the process at a more ad* 
vanced stage w r e should find that some of the unsaturated acids had dis- 
appeared, and the mean moleculai weight of the acids had diminished. 
* * * * * We may expect that the fatty acids undergo oxidation step by 
step * * * * * that an unsaturattd linkage is the first move towards 
this oxidation and probably the formation of a saturated oxyacul the 
second, the first of these preparatory changes takes place either in the 
organs where the oxidation is carried out or before it reaches them; but 
after it leaves the storage places, possibly in the liver.’ ' 

That fat is transported from the depots to tne liver is an old established 
fact (LcbedefY, Rosenfeld, Leiek and Winckler). It may be .supposed 
that this breaking up of the long chains results in such substances as eap- 
roic and acetic acids, of which it is known that the organism oxidizes 
them easily. Dakin’s studies 4 upon the course of oxidation of such sub- 
stances have thrown light upon this phase of intermediary metabolism. 
Von Furtli 5 has described similar changes during the germination of seeds, 
a lowering of the iodine and acetyl values and the formation of acids of 
a lower molecular weight. For plants a very similar view has been ex- 
pressed by Killer . 6 He assumes that hydroxyl groups appear primal lly, 
followed secondarily by a breaking up of the molecule. The smaller 
cleavage fragments are completely burned, while the larger ones contain- 
ing hydroxyl groups arc utilized in the synthesis of carbohydrate. This 
is strikingly similar to the opinion expressed by Rosenfeld that fats are 
completely oxidized in the animal economy only w'hen they become 
involved in the carbohydrate metabolism. 

SchondorfT 7 finds that under special conditions of feeding fat is ex- 
creted by dogs through the urine. S. Levites 8 finds that the sodium 
salts of stearic, palmitic, and oleic acid are absorbed more rapidly than 
the free acids, and that oleic acid is absorbed more rapidly than palmitic 
and the latter more rapidly than stearic acid. Von Furth and D. Schutz® 

1 “Problems in Animal Metabolism,” p. 107 (1906). 

3 Lor <.ii 

3 Kennaway and Leathes, Lancet, Jan 9, 1909. 

4 J. Biol Chcm ., 4, 63, 71, 91, 22 7. 

B Bettragc chem Physiol. Path., 4, 430. 

6 Z. physiol. L item., 5, 254. 

7 Arch. Phynol , 117, 291. 

8 Z. physiol. Chem., 53, 349. * 

9 Bettr. chem. Physiol, u. Path., 10, 462. 
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obtained the opposite result, for they found sodium oleate a»d stearate 
less well absorbed than oleic acid or olive oil. 

The study of the lipoids could hardly fail to stimulate the investigation 
of cholesterol which so often accompanies them. It has been shown that 
in plants a large number of different cholesterol occur. 1 The constitution 
has been investigated by Diels and Abderhalden, 2 by Diels, 8 by Mauthner 4 
and by Windaus.* The results so far attained may be summed up in the 
following formula: 

(CH 8 ) a .CH.CH 1 .CH r C 1T .H w .CH:CII, 

CHOH 

From the behavior of cholesterol to ozone Molinari and Fenaroli 8 and 
Dor6e 7 conclude that it contains a second double bond. It is interesting 
to note that cholesterol contains a five carbon ring which was known 
only in plants. The theory has been advanced that it is the source of 
these ring compounds in certain mineral oils. By the researches of C. 
Engler, 8 M. Rakusin® and J. Marcussohn 10 it has been shown that mineral 
oils owe their optical activity to cholesterol derivatives. C. Neuberg 11 
objects to this view. Marcussohn believes these cholesterol compounds 
to be derived from marine animals, while Walden' 2 ascribes them to the 
sitostearins of plants. Lewkowitsch 15 obtained by distillation of optically 
active glycerides (Chaulmugra oil) with zinc dust, optically active hydro 
carbons. In this case the optical activity is not dependent upon choles- 
terol but upon the configuration of the fatty acids. Neuberg, because 
of the rarity of such material, slights the experiments. 14 

Our knowledge of the physiological role of cholesterol has been increased 
by Dorde and Gardner, who found it to be a constituent of the cell mem- 
brane of the red blood corpuscles. In the bile it is derived from the 
membranes of destroyed corpuscles. It is to a great extent reabsorbed 
and used to help in the formation of new cell membranes. 15 It is supposed 
to be involved in hemolysis, being leached out, with lipoids, by such 
hemolytic agents as ether, etc,, or combining with others such as sapon- 
ins. 18 The addition of cholesterol often inhibits hemolysis. For hemoly- 

1 Windaus and Hautli, Ber , 39, 4378; 40, 3661 ; F. M. Jager, Chem. Zentr. (1907), I, 
13, 703, II, 684. 

2 Bcr., 36, 3177 (1903) 

* Ibid., 41, 2597. 

* Monlash. Chem., 30, 635. 

* Ber., 41, 61 1, 2558. 

* Ibid., 41, 2785. 

7 J. Chem Soc , 93, 1330; 95, 638. 

8 Chem. Ztg. (1906), 711. 

* Ibid. (1906), Nr. 85. 

10 Ibid., 31, 419. 

n Bioch Zeit. (1906), xxx, I, 368. 

12 Chem. Ztg. (1906), 1167. 

18 Ber., 40, 4161. 

14 Ibid., 40, 4477. 

18 Proc. Roy. Soc. B., 81, 109. 

I# Dor£e, Ellis and Gardner, Proc. Roy. Soc. B., 80, 1908; 8i, 1909, p. 505; Choro- 
buro Kusumoto, Bioch. Z 14, 41 1 and 416. 
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sis by saponin Willstatter has found an explanation. 1 He found that 
when cholesterol in alcoholic solution is treated with digitonin, a typical 
saponin, a compound is formed which is insoluble in alcohol and can not 
be decomposed by extraction with ether. It no longer hemolyzes. Sito- 
stearin, stigmastearin, koprostearin and dihydrocholesterol yield similar 
insoluble crystalline compounds. Cholesteryl esters, which do not hemo- 
lyze, do not combine with saponins. 

This study of the lipoids has been accompanied by a study of the fat- 
splitting enzymes. The latter was especially stimulated by the possi- 
bility of using these enzymes commercially. Hoyer 2 studied the lipase 
of the castor bean, as did Taylor. 3 Mastbauin 4 found that of the cola nut, 
of maize, chestnut, and nutmeg, different from those previously studied. 
Dietz* found that pancreatic lipase not merely saponifies esters, but also 
synthesizes them, continuation of older work of Kastle and Loevenhart. 
The enzyme reaction increases with the concentration, the equilibrium 
being independent of the lattci It is different from the equilibrium at- 
tainable with hydrogen ions, but why is not clear. Interesting is the study 
made by I)akin° of the action of lipuse upon the antipodes of asymmetric 
acid esters. He found that while both esters were saponified, one form 
was saponified very much more rapidly than its antipode. A still more 
interesting observation is that of 15 re dig and Fajans, 7 who found that 
nicotine used as a catalyzer saponifies cFcamphorie acid faster than the 
/-acid. We have here relations quite analogous to those of enzyme 
action, and light is therefore thrown on the * ‘specific* * action of enzymes. 
Not merely asymmetric hydrolysis, but asymmetric enzyme synthesis 
has been studied. A most interesting asymmetric enzyme synthesis 
has been discovered by Rosenthaler 8 with emulsiu. T 11 emulsin, which 
is a mixture of enzymes, there is one that accelerates greatly the con- 
densation of benzaldchyde and prussic acid to mandelic nitrile, 
C 6 H 5 CH(OH)CN, and at the same time causes the radicals tied to the 
asymmetric carbon atom to arrange themselves in a definite way. This 
corresponds to cf-maiidelic acid, for on saponification of the nitrile formed, 
the latter acid with characteristic optical rotation is obtained. In an 
analogous way most of the aliphatic and aromatic aldehydes in the pres- 
ence of emulsin combine with prussic acid to form optically active ni- 
triles, while all hydroxyaldehydes and ketones behave differently. An- 
other enzyme has been discovered in yeast. Harden and Young 9 and 
L. Ivanov 10 showed that in alcoholic fermentation with yeast juice free 
from yeast cells phosphates are converted into organic phosphorus com- 
pounds. Ivanov 11 believes them to be probably phosphoric acid deriva- 

I Ber., 42, 238 . 

* Z. physiol , Chem., 50 , 414 . 

* J. Biol. Chem., 2 , 87 . 

4 Chem. Revue, 14, 5 . 

* Z. physiol. Chem., 52 , 279 . 

•y. Physiol. , 30 , 253; 32 , 199. 

7 Ber., 41, 752 . 

* Biochem. Z., 14, 238 ; 17, 257 . 

* Proc. Chem. Soc., 21, 189 ; Proc. Roy. Soc. B., 77, 405 . 

10 Travauv de la SociHt des Naturalistes de St. Peter sbourg , 34 (1905); Z. physiol . 
Chem., 50 , 281. 

II Loc. cit. 
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tives of a triose, or of dihyclroxyacetone, or methylglyoxal. Young 1 
believes that they are probably esters of a hexose. He bases his view 
upon analytical data, cryoscopic determinations, and upon the fact that 
on saponification they yield fructose in all cases whether formed from 
phosphate with glucose, or with mannose, or with fructose. This syn- 
thesis takes place even when there is no fermentation provided the fer- 
mentation products be present. We have here presumably an enzy- 
motic synthesis which perhaps explains the favorable influence of phos- 
phates upon zymase fermentation. The other enzymes of yeast have 
also received much attention. 2 

Rennin (chymosin) and pepsin have also been actively studied. Taylor 3 
found that in pyloric cancer the gastric juice has lost its rennin action, 
though retaining its peptic activity. He therefore concludes that rennin 
and pepsin are different enzymes. Hammarsten takes a similar view 
because treatment with weak hydrochloric acid under certain conditions 
yields a proteolytic but not a coagulating preparation. 4 Petry 5 thinks 
the proteolytic power of casein due to a new enzyme specific for casein. 
Van Herwerden agrees with him except that she does not accept the 
.specific nature of the enzyme. 6 Sawjalow 7 and Gewin 8 also think coagula- 
tion is a step in the beginning of casein digestion. Van panitn 9 shows 
on the other hand that chymosin is a proteolytic enzyme and narrows 
Saw j alow ’s view down by showing the digestion is due to chymosin itself. 
He does not agree with Petry, and his evidence points to the identity of 
casein and pepsin. 

The work upon oxidizing ferments has been very great. The whole 
question is in flux and much of the work is uncritical, due to the unre- 
liability of most oxidase reactions and lack of quantitative methods. 
Such methods have been offered by v. Czilhary and v. Furth 10 and by 
Wichern. 11 Much light is being thrown on this difficult field by the ap- 
plication of work on auto-oxidation. 13 Finally the laccase of Medicago 
saliva has been obtained pure by Euler and Bolin 13 and shown to consist 
of a mixture of the calcium salts of hydroxy acids, glycolic, glyoxylic, 
mesoxalic, citric, and malic. The possible significance of such bodies 
as the first three in respiration is obvious. 

Indirectly oxidizing enzymes have also been studied in connection with 
the purine metabolism. It has been shown by Jones and his collaborators 14 

1 Proc.Moy. Sec., B , 81, 528 

2 Buchner and Hoffmann, Biochem. Z , 4, 215. 

8 J. Biol. Chem., 5, 399. 

4 Z. physiol. Chem ., 56, 18. 

5 Hofmeistcr's Beitrdge, 8, 356. 

8 Z. physiol. Chem., 52, 184. 

7 Ibid., 46, 307. 

8 Ibid., 54, 32, 

8 Ibid. , 61, 147. 

10 Bcitr. chem. Path. Physiol ., 10 , 358. 

11 Z. physiol. Chem., 57, 365. 

18 Engler and Herzog, Z. physiol. Chem., 59, 327; Manchott, Verhdl. Phys.-Med , 
Gesellsch. Wurzburg (1908). 

18 Z. physik. Chem., 69, 187. 

14 Z. physiol. Chem., 44, 1 ; 48, 571 ; 60, 180; 61, 395. 
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and by Schittenhelm and his collaborators 1 that the various animal or- 
ganisms contain a variety of enzymes which deamidize and oxidize purines. 
These authors do not agree upon the distribution and mode of action of 
these enzymes. Jones holds the view that five distinct enzymes are 
concerned in these processes: Nuclease, adenase, guanase, xanthooxy- 
dase, and uricolase.- Nuclease hydrolyzes nucleic acid, forming guanine 
and adenine; guanase and adenase remo\e the amino group from these 
two purines forming xanthine and hypoxanthine; xanthooxydase oxidizes 
hypoxanthine to xanthine and uric acid. Schittenhelm , 3 and Batelli 
and Stern, and others have studied the oxidation of uric acid. Wie- 
chowski 4 and Austin 6 deny the force of the evidence for the existence of 
uric acid enzyme. 

An increase in our knowledge of the constitution of nucleic acid has 
accompanied these advances in our knowledge of the nuclein enzymes. 
Levene and Jacobs 6 have shown that the pentose of inosinic, guanylic, 
and yeast nucleic acids is d- ribose, at the same time perhaps one of the 
most important recent contributions to the biochemistry of the carbohy- 
drates. It is the first time this carbohydrate has been found in nature. 
By partial hydrolysis these authors have thrown much light on the con- 
stitution of nucleic acids generally. They believe that nucleic acids are 
of two types: (a) Simple ones, which they term nucleotides, consisting 
of phosphoric acid, carbohydrate and base (inosinic and guanylic acid); 
and, ( b ) complex ones (zoo- and phvtonucleic acids), which are composed 
of a number of nucleotides, and which they therefore term polynucleo- 
tides. By methods of hydrolysis nucleotides yield two different types 
of complexes: (0) those that consist only of carbohydrate phosphoric 
acid; (h) those that consist only of the basic portion and the carbohydrate 
which they term nucleosides. ( )f the former they have prepared d - 
ribose-phosphotic acid from inosinic acid . 7 Of the nucleosides Haiser 
and Wenzel 8 discovered inositc in meat extract; Levene and Jacobs pre- 
pared guanosin from guanylic and yeast nucleic acids, and adenosin from 
yeast nucleic acid . 8 

Various pigments have been studied, more especially hematin and chlo- 
rophyl. K lister 10 has continued his contributions to the constitution of 
hematin and bilirubin. The latter exists in several modifications differing 
in their solubility in chloroform. Qualitatively bilirubin and hematin 
yield the same oxidation products. Advance in the chemistry of chlo- 
rophyl is hampered by confusion in the nomenclature, as is well brought 
out in a discussion between Marchlewski and Willstatter . 11 The former 

1 Z. physiol. Chem., 62, 100, 63, 24S; Zctihalhl grv. Physiol. Path. Stofjw. (1918), 

No. 19, etc. 

* Ibid., 61, 399. 

a Z. physiol. Chem., 45, 121. 

4 Arch. exp. Path. Pharm., 60, 185. 

* /. Med. Res., 16, 71. 

* Ber., 42, 335, 1198, 2703. 

1 1 bid., 41, 2703. 

* Monatsh. Chem., 29, 157. 

* Ber., 42, 2469, 2474, 2703. 

10 Z. physiol. Chem., 59, 63. 

11 Chem.-Ztg., 33, 674, 871. 
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Under the same conditions xanthophyl would be more equally divided 
between the two solvents. Xanthophyl is C 40 H 56 O 2 . Like carotin, it 
is strongly unsaturated, and absorbs oxygen from the air at ordinary 
temperatures. 

The physiological significance of carotin and xanthophyl remains in 
doubt. Carotin may act as a carrier of oxygen. Xanthophyl, however, 
is not passed over in the spontaneous oxidation of carotin in the air, as 
is shown by the fact that xanthophyl will absorb 36.5 per cent, of its 
weight of oxygen, but carotin only 34.2 per cent. 

V. Willstatter and Pfannenstiel 1 have investigated the remarkable 

series of transformations which take place on heating chlorophyllin with 
alcoholic potash. The first change occurs at the temperature of the 
water bath, in the assumption by the green solution of a strong fluor- 
escence. At 140° the green substance breaks down with the formation 
of a crystalline product, which is blue with an intense red fluorescence. 
Finally at about 200° a deep red product is obtained. The products at 
each stage of the decomposition are mixtures of closely related compounds 
of similar color. All arc magnesium compounds. Those of the first 
stage, green in color, are the chlorophyllins, those of the second stage, 
blue, glaucophyllins, and those of the third stage, red, rhfidophyllins. 
One of the latter was prepared for investigation by heating chlorophyllin 
and potassium hydroxide in a silver beaker in an autoclave. Only one 
compound was thrown down when the reaction mixture was treated 
with water. Other related compounds remained in solution. The 
precipitate was purified by solution in ether and extraction with very 
dilute ammonia. It was found that the reaction between chlorophyllin 
and potassium hydroxide could not be carried on in sealed tubes of Jena 
glass because of the replacement of magnesium by zinc, derived from the 
glass. An identical rhodophyllin was prepared from Chlorophyceac , 
Musci , Filices , Equisetum , Gramineae , VrUcaceae and Platanus , from 
which it was concluded that magnesium is an essential constituent of the 
chlorophyl of all plants. The formula which accords best with the an- 
alyses of samples of rhodophyllin prepared by various methods is 
C M H 34 0 4 N 4 Mg, but the data are hardly exact enough to exclude from 
consideration the . formulas C 33 H 36 0 4 N 4 Mg, C S2 H 34 0 4 N 4 Mg, and 

C a4 H 3 „ 0 4 N 4 Mg. In any case the compound is strikingly similar to hematin. 
By the action of acids, the magnesium atom is split from rhodophyllin 
with formation of a difficultly soluble crystalline derivative of red color, 
which accords in composition with the mesoporphyrin of Nencki and 
Zaleski, but is not identical with it. The authors give it the name allo- 
porphyrin, and consider that it is derived from rhodophyllin by the sub- 
stitution for magnesium (which is probably linked to N) of two hydrogen 
atoms. The metallic atom is considered to be in complex combination 
with basic groups of the molecule, in order to account for such color 
phenomena in the chlorophyl and hemin groups as are conditioned by 
the entrance of a metal into the compound. 

VI. In a paper by Willstatter and Benz 2 the work of Borodin and of 
Monteverde on crystallized chlorophyl is reviewed and greatly amplified. 
The work of these students has heretofore hardly received due attention 

1 Ann., 358 205-65 (1908). 

* Ibid., 358, 267-87 (1908). 
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from chemists. The technique^of Borodin has been improved so that 
yields of 2 grams of crystallized chlorophyl per kilogram of dry leaves 
have been obtained. The process, in essentials, consists of extraction 
with alcohol, transfer of the chlorophyl to ether, removal of emulsifying 
substances by shaking with talc, and of other impurities by shaking with 
water, and, finally, concentration on the water bath to the point of crystal- 
lization. The crystals were w r ashed with small quantities of ether, to 
remove mother liquor, and then recrystallized from ether. The compound 
thus obtained w r ould seem, from its spectrum, color, and indifference to 
dilute acids and alkalies to be an unaltered chlorophyl. It is by no 
means identical, however, with the greater part of the chlorophyl of even 
the plants from which it is obtained in greatest quantity, for it yields 
no phytol on hydrolysis, as does ordinary amorphous chlorophyl. It 
seems that all plants contain amorphous chlorophyl, but only certain 
ones (190 species out of 776 examined by Borodin) contain, in addition, 
crystalline chlorophyl. This would explain the varying yields of phytol 
from different samples of chlorophyl, and also the variation in composition 
of phaeophytin from different plants, for the compound from crystalline 
chlorophyl which is analogous to phaeophytin, namely phaeophorbin, 
probably often occurs as an impurity of phaeophytin when this substance 
is prepared from the total chlorophyl of plants which contain crystalline 
chlorophyl. 

Crystalline chlorophyl prepared from G a leaps is gave 5.64 per cent, 
of ash" pure magnesium oxide. On a basis of one atom of magnesium 
to the molecule, this would correspond to a molecular weight of 716, and 
the formula CgHlI 42 N 4 Mg. As in the case of amorphous chlorophyl, the 
magnesium atom is readily split off by dilute acids. 

A substance for which as for cholesterol no physiological function w'as 
known, inosite, has been the subject of investigation. W. Windisch 1 
has shown that a mother substance for it is phytin, confirming oldei ob- 
servations of Jordan, Hart and Patten 2 while Mayer 3 has shown that 
when inosite is fed in large doses to rabbits fermentation lactic acid ap- 
pears in the urine. Concerning lactic acid we have learned much through 
Fletcher and Hopkins. 4 They have shown that our methods for its de- 
termination in muscle are very unreliable. Though they have throwm 
much light upon the genesis of this acid they have not endeaxored to 
discover its precursors in the animal body. Herzog and Horth 5 have 
studied the stereochemistry of lactic acid fermentation; and have found 
that different bacteria acting upon different sugars usually form an acid, 
which is a mixture of active and inactive acid. 

There have been other advances in the biochemistry of lactic acid, 
particularly in regard to its role in the intermediary metabolism in relation 
to both the carbohydrates and the amino acids. While these researches 
ought, strictly speaking, to be included in this review , to do so would lead 
us into the field of intermediary metabolism in w r hich there have been 
some notable advances. To treat them adequately would require more 

1 Jahrb. Vers, u . LehranstaU fiir Draucrei, 10, 57. 

2 Am. J. Physiol., 16, 288; 17, 76. 

• Bioch. Z., 2 , 393 ; 9 > 533. 

4 J . Physiol., 35 , 347. 

• Z. physiol. Chem., 60, 131. 
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space than is at my disposal, so that a review of these advances as well 
as those very important ones resulting from the application of physical 
chemistry to biology must be postponed to some future date, at which 
time the many errors of omission of which I am conscious may, 1 hope, 
be amended. 

Washington, D C 


NEW BOOKS. 

Einfiihrung in die Chemie. Ein Lehrbuch fiir hohere Lehranstalten und zum Selbstun- 
terricht. By Wilhelm Ostwald, Stuttgart, 1910: Franckli’sclie Yerlag si Kind lung, 
pp. 238; 74 illustrations in the text. Cloth, 3 Marks net. 

In this textbook it is the main object of Professor Ostwald to 
educate the student to “chemical thinking/' to supply a basis for chemical 
understanding and to deepen the logical analysis of the chemical phenom- 
ena. Contrary to the methods pursued in most other textbooks, 
Professor Ostwald prefers to give only (he data absolutely necessary for 
the understanding of the scientific consequences and to describe only the 
phenomena absolutely essential for grasping the real educational value of 
chemistry. 

This is quite a new departure, since in most of the textbooks such*a lot 
of material is presented, that the students get the impression that by 
learning the contents of the respective book he will know all about Chem 
istry. Ostwald’s book, on the contrary, incites to further thinking and 
impresses the student with what may be called scientific modesty. The 
first five chapters contain a discussion of matter, mixtures, physical 
transformations, solutions and chemical processes. Chapters 6 to 13 
describe the metallic and non-metallic elements and compounds in a clear 
and concise, i. t\, really Ostwaldian manner. The book will prove as 
useful to the teacher as to the student. Oskar Nagel. 

Introduction to Physical Ehemistry. By Harry C. Jones, Professor of Physical 
Chemistry in the Johns Hopkins University. New York: The Macmillan Co 1910. 
xv + 279 pp. Price, $ 1 .60 net. 

So far as we know, this is the most recent work from Prof. Jones’ pen. 
Using ‘recent’ as he uses it, however, we could not feel secure in this 
statement. “Quite recently” on p. 47 refers to 1895, an( l on p. 113 to 
1899. The epoch of writing may, however, perhaps be fixed from in- 
ternal evidence for (p. 136) ‘Berthelot’s experimental work has con- 
tinued up to the present’ and “van’t Iloff’s paper on the subject of solid 
solutions appeared about eleven years ago.” The purpose or the book 
is sufficiently obvious from the title. Symptoms of adaptations from the 
author’s larger works appear at times rather prominently. Thus we 
find, on p. 67, two liquids becoming miscible in all proportions, “as we 
have just seen.” We have not, however, seen it in the present volume. 
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Again, we are told, on p. 26, that the author will call the temperature 
coefficient of gases “B.” Having mentally agreed to this and assimilated 
the significance of “B,” we read on in expectation. “B,” however, 
fails to put in any further appearance. But we must not be too disap- 
pointed, for this is an optimistic book We find the author taking a 
characteristically optimistic view of the agreement of results “ found' ’ 
with those calculated by theory on p. 61. Here we notice divergencies 
of 10 per cent, and more in the square of a quantity calculated from meas- 
urements of absolute boiling point and of densities at o°, both of which 
quantities are customarily measured with concordance of well within 
half a per cent, by different observers. The agreement is, nevertheless, 
stated to be “almost within the limits of experimental error.” Optimism 
is a good fault, and is well in keeping with the vigor and freshness that 
characterizes much of the exposition. No book is without its corrigenda , 
and the following are among points that might perhaps receive atten- 
tion. For the atomic weight of radium read 226 4, not 225 (p. 11), and 
226 7, not 227.7 (p. 151). These arc misquoted from the sources given. 
This element suffers again in being omitted Tom the table of the periodic 
law (p. 13). Mass is “the only property of substances that remains un- 
changed in chemical reaction” (p. 1). Surely orthophosphoric acid can 
be titrated with phenolphthalein as indicator (p. 112). As far as one 
can gather from p. 129, the equivalent concentration of hydrogen ion in 
pure water at 18 0 is o 68. On p. 196, water is the stiongest dissociant 
known; but, on p. 194, water stood second to liquid hydrocyanic acid. 
“Compounds of uianium when exposed to light” emit radiation — is 
true but perhaps misleading, while “this property is possessed by metal- 
lic uranium to from three to four times the extent that it is manifested 
by the salts” seems to miss the main point of interest. “The definition 
of an atom as an individual particle of matter shows that fractions of 
atoms cannot exist” (p. 8). “When barium sulphate and sodium car- 
bonate were pressed together and the pressure removed, the transforma- 
tion continued, and in seven days amounted to from 73 to 80 per cent.” 
The “73 to 80” is circumstantial, and adds realism; but how thick were 
the layers? Socratic method is antiquated and slow, else many a begin- 
ner might ask ingenuously, “What is intrinsic energy?” (p. 133). Nowa- 
days, one must hurry on and catch the meaning subconsciously as the 
discussion proceeds. 

It is probably difficult for the author to view his subject continuously 
from the introductory level; and, in writing, it must be tiresome to recall 
the precise state of ignorance of his reader. Perhaps for this reason we 
find, for example, Ostwald’s dilution law, the isohydric principle, etc., 
discussed before chemical equilibrium; the theory of indicators before 
hydrolytic dissociation, etc. There are no forward references. The 
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beginner will doubtless be willing to admit his own obtuseness, but he 
will be disconcerted. 

The book is very free from typographical errors and is, of course, ex- 
cellently produced. There are 31 efficient diagrams and figures in the 
text. Though the pedagogy is a weak feature, the style has a refreshing 
air of activity and modernness, while the matter selected is 
generally accurate and always interesting. We feel certain, however, 
that this is not yet the ideal “Introduction to Physical Chemistry.” Let 
the Quest continue. Alan W. C. Menzies. 

Analyse der Silikat— und Karbonat Gesteine. Von W. E. Hillebrand. Deutsche 

Ausgabe von Ernst Wilke- Dorfurt. Leipzig: von Wilhelm Engelmann, 1910. 

This volume in its German dress contains numerous additions made by 
its author to previous editions. The fact that German students have 
recognized its merits and want it in their own language reflects great 
honor upon its author. Years ago, within the knowledge of some of us, 
the Fatherland was the seat of most thorough training in mineral analy- 
sis. To-day, however, as evidenced by the rich fund of reliable* infprma- 
tion in this special publication and in other similar publications, America 
may justly lay claim to this position. 

The careful perusal of its pages proved most refreshing to the* reviewer, 
and if he may be allowed a word of advice to students of chemistry, it 
would be: Study the contents of this book; put to test the methods and 
experiences therein described. A vast fund of new knowledge will be 
the reward, a deeper respect for analytical methods and their significance 
and value will be engendered, while the feeling of contempt so frequently 
manifested for the work of the mineral analyst will absolutely disappear, 
and a wider and wholesorncr view of the whole field of chemical science 
will result. Teachers of more advanced students in analysis will realize 
the greatest pleasure and profit in the consideration of the many topics 
of this volume in their seminars. Edgar F. Smith. 

Das Radium und die Farben. Professor Dk. C. Dolter, Vorstand des Mineralog- 

ischen Institutes der Universitat Wien. Verlag von Theodor Steinkopf, Dresden. 

1910. pp. 133. Preis, geb. M. 5. 

The discoveiy of radium and a recognition of the complex influences of 
its several forms of energy have aroused unusual interest for several 
reasons, but mainly, because, first, radium salts, in their decomposition 
produce canal and cathode (magneto- or electro-magneto-deflectable) and 
gamma (Rontgen) rays, exert specific, analytic and synthetic influences, 
physical, chemical and physiological, which might in a large sense be 
grouped under the head of chemical; second, when all that is positively 
known of these influences is applied to the world’s history, petrographical 
and geological, a revision of previous ideas of changes that have taken 
place and calculations as to the age of the earth have become necessary. 
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The author has had unusual facilities in Vienna for the study of the many 
and varied changes produced through the influence of radioactivity. 
He has taken advantage of them. The book presents tne results of his 
elaborate investigation. It is filled with meat and cannot fail to be of 
interest to mineralogists, geologists and those chemists who desire further 
information as to the influence of these complex rays upon matter. It 
‘has a good index. Chas. BaskervillE. 

The Simple Carbohydrates and the Glucosides. By E. Fran kl and Armstrong. 
(Monographs on Biochemistry Senes ) 112 pages. Longmans, Green & Company. 

Price, $ 1.20 net. 

This short monograph by Dr. Armstrong, an English investigator of 
the first rank in carbohydrate chemistry, is a well- written summary of 
the advances of the last fifteen years in the chemistry of the sugars. 
Naturally it is impossible to describe these advances in a manner that is 
satisfactory to an inquiring reader in the space of 112 pages, and it is to 
be hoped^ that later editions will be more inclusive. But the mono- 
graph is a 'good beginning and should be widely read by chemists and 
biologists ' To understand the chemical or biological actions of the sugars 
it is essential to have a clear knowledge of their mutarotation and Dr. 
Armstiong’s book furnishes a good description of this phenomenon. A 
valuable eighteen-page bibliography is appended. On page 47 the dis- 
covery of ft lactose, which was made by K. O Erdmann, is credited to C. 
Tanret. The discovery that the mutarotation of glucose is a balanced 
reaction is ascribed on page 8 to Lowry; the reviewer believes that he 
made the same discovery in the case of lactose in the year preceding 
Lowry’s publication, and that his priority in the discovery of the cause 
of the mutarotation reaction has been recognized in such a standard work 
asNernst’s “Theorctische Chemie.” Dr. Lowry and he worked independ- 
ently, the former on glucose, the latter on lactose. C. S. Hudson. 

A Course in Inorganic Chemistry for Colleges. By Lyman C. Newell, Ph.D (Johns 
Hopkins), Professor of Chemistry, Boston University. Published bv D C. Heath 
and Company, Boston, pp. x + 5^4. Price, $2 00 

This is practically a new and enlarged edition of the author’s well-known 
Descriptive Chemistry. A chapter on Solutions has been added and 
the chapters on Silicon-Boron and Chromium-Manganese have been 
enlarged and divided into two separate chapters. While the main por- 
tions of the text are identical' with the Descriptive Chemistry, yet con- 
siderable new material has been added and the subject brought up to date. 
In a few cases the order of the chapters has been changed. The questions 
at the end of the chapters have been omitted, but the lists of problems 
remain. The book is conservatively modern in spirit and is deserving 
the same cordial recognition given the author’s former work. 

William McPherson. 
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Outline of Bacteriology (Technical and Agricultural). By David Ellis. Longmans, 
Green & Co , 1900 pp. xii, 262 Price, $2 50 

Dr. Ellis, of the Glasgow Technical College, has attempted to write 
“an introduction to bacteriology in all its branches, though more attention 
has been bestowed on that aspect of the subject which is of most interest 
to students of technical and agricultural bacteriology.” The plan of his book 
is an excellent one. There is great need for text-books of bacteriology which 
shall develop the broader biological facts of the science, without undue 
emphasis on the details of its application to medicine. It requires, 
however, an unusual gi asp of the subject, a strong sense of proportion, and 
some lite arv skill to produce a book of this type. Fischer in the Vor- 
lesungeu uber Bacterien has succeeded in doing it: but his admirable 
volume stands practically alone. The present author gives less of a philo- 
sophical treatment of fundamental questions, than a series of more or 
less independent facts such as make up the bulk of so many books on 
bacteriology and hygiene. For example in the chapter on sterilization, 
thirty-three different chemical disinfectants are discussed in defail,, in- 
cluding such substances as nitrogen dioxide, butyric acid, camphor and 
coffee infusion. Dr. Ellis gives his well known views about motility and 
spore formation among the cocci as established facts without pointing 
out that they are still in the controversial stage. Here and there are 
statements of a somewhat superficial character which are likely to prove 
misleading. The industrial and agricultural chapters, modeled pretty 
closely after Eafar, are freest from such defects, and the medical and 
sanitary sections are most prone to them. Thus it is stated that the 
same species of bacillus causes tuberculosis in man and in cattle (p. 120), 
and that infection in tuberculosis takes place almost exclusively through 
the air (12 1). The colon bacillus is introduced as follows: “There is great 
similarity between B. typhosus and Bacillus coli communis , an organism 
which is very common in sewage, and which is strongly suspected of being 
the cause of epidemic diarrhoea, though positive proof is still wanting.” 
Altogether the book is not a sufficiently scholarly work to form a very 
valuable contribution to the subject. C.-E. A. Winslow. 
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The chloride alone of all the possible halides of tantalum has received 
more than passing attention. A bromide lias been recorded but the 
iodide is absent from our literature. H. Rose 2 claimed to have obtained 
tlu' bromide by strongly igniting a mixture of tantalic oxide and carbon 
in a current of carbon dioxide laden with bromine vapor. He failed to 
give any analytical results. He surmised that his product was the bromide. 
Moissan believed it was produced upon heating tantalum metal in a stream 
of bromine vapor. 

With pure mate rials the conditions essential for the satisfactory prep- 
aration of tantalum pentabromide may be briefly summarized: 

1. Tantalic oxide, previously strongly ignited, should be intimately 
mixed with an excess of pun carbon, an equal weight of the latter being 
a convenient and quite sufficient amount. vStarch carbon answers well 
but it usually leaves an appreciable a h, hence pure sugar carbon is pref- 
erable. The excess of carbon indict ted makes the mass sufficiently 
permeable to the bromine. 

2. Air should be completely expell d. Raise the charge to a full 
red heat in a current of carbon dioxide to t move the last traces of moisture. 

3. Phosphorus pentoxide is essential as 'he Anal drying agent for the 
carbon dioxide. 

4. A high temperature must be maintained during the passage of 
the bromine, otherwise nearly all of it will escape urn hanged. 

1 An abstract from the author’s doctoral thesis (190 > 

* Pogg. Ann., 99, 87 (1856). 
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5. The resulting pentabromide should be fused from time to time in 
order that the combustion tube may not be obstructed. 

It is easy to get a yield of about 70 per cent, of the theory. 

The product from the above procedure was resublimed in an atmos- 
phere of carbon dioxide. Upon analysis it showed : 

Theory. 

Ta « 32.21 32.03 31.79 31.39 

Br - 68.70 68.68 6838 68 . 61 

Tantalum pentabromide consists of yellow, elongated lamellae, curving 
or clinging to the tube in beautiful arborescent forms resembling frost 
flowers. They fuse easily to a transparent, ruby colored liquid. Their 
color is suggestive of that of potassium bichromate. They may be sub- 
limed without melting. The vapor of the bromide is yellow in color, 
somewhat resembling that of chlorine. The bromide melts at about 240° 
and begins to boil at 320 °. It fumes strongly in the air. It dissolves 
rapidly in absolute methyl or ethyl alcohol, forming at first ^an amber- 
yellow colored liquid which soon becomes colorless. Usdally* the heat 
generated causes the alcohol to boil. These* reactions certainly point 
to tantalic esters. Anhydrous ethyl bromide is an interesting solvent 
for tantalum pentabromide. When the latter is brought into this liquid 
heat is evolved and a reddish colored solution results. If the latter be 
cooled in water or evaporated in a vacuum desiccator golden yellow 
colored crystals separate. The solution fumes strongly in the air. 

Tantalum pentabromide may be sublimed in an atmosphere of hydrogen. 
This is possible at a temperature just sufficient for the sublimation. 
At more elevated temperatures a partial reduction to the metallic state 
occurs. If a lower bromide of tantalum should exist such a compound 
would not be unlikely to appear at some stage during the reduction of the 
pentabromide in hydrogen. At fi*st there seemed no evidence of this. 
At times, however, the sublimate appeared to be different. Indeed, it 
had been noticed that toward the posterior end of the tube, i. e. f beyond 
the metallic deposit, there was a slight greenish, partly almost black film. 
It dissolved in water with an intense green color, and in methyl and 
ethyl alcohol with the same color. Its analysis indicated a tantalum 
tribromide, but Chapin* in this Laboratory, has since demonstrated 
that it is not this, but that it is in reality a bromo-tantalum bromide 
(Ta,Br u )Br,. 1 5 .‘ 

An oxybromide of tantalum was not observed. 

Efforts were made both by Rose’ and by Moissan 8 to obtain an iodide 
of tantalum but without avail. So the query presented itself: is it not 

1 W. H. Chapin, This Journal, 3a, 3*3. 

8 Pogg. Ann., 99, 593 (1856). 

8 Compt. Rend., 134 , 21 1 - 2 15 . 
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possible to transpose tantalum bromide by means of a suitable iodide? 
Silver iodide suggested itself for this pu pose. Accordingly tantalum 
pentabromide was distilled through a column of granular, well- dried 
silver iodide in a current of carbon dioxide. A brown sublimate resulted. 
It contained considerable free iodine, which was carefully expelled and 
the residue analyzed. This analysis indicated a pentabromide with un- 
mistakable evidences of combined iodine. How could there be free iodine 
unless there had been a reduction of the bromide? 

Finally it was found that the potassium iodide used in the preparation 
of the silver iodide contained some iodate. Most likely then the reaction 
had proceeded as follows : 

7TaBr 5 I 5AgIO a - Tal, -1- 3Ta*0 5 4 - 5AgBr + isBr 2 . , 

The liberated bromine set free iodine from the silver iodide and probably 
from the tantalum iodide, allowing only a small amount of the latter to 
escape, while by far the greater portion o f the bromide distilled over un- 
changed. This view is further supported by the fact that iodine separates 
whqp tantalum pentabromide is distilled through a layer of potassium 
iodate. 

The next thought was to try hydrogen iodide. Accordingly tantalum 
pentabromide was slowlv distilled in a steady stream of anhydrous hy- 
driodic acid gas. Soon the reddish color of the bromide changed to brown, 
while the (scape o hvdrobromic acid, together with the excess of the 
hydriodic acid, could be proved at the exit of the tube. Further an 
analysis of the dark brown product showed that only one-third of the bro- 
mide had been converted into an iodide. Therefore the experiment was 
repeated, about three grams of the pentabromide being distilled as slowly 
as possible in a brisk current of hydrogen iodide for about four hours. 
The product was brownish black in color and showed much iodine. Its 
tantalum content was found to be 22.98 instead of 22.37 per cent, as 
required by Tal g . The remainder of the preparation was subjected to 
another distillation in hydrogen iodide and analyzed with these results: 

Per cent. Per cent. 


Ta 22.62 22.51 

1 77-27 77-35 


The required percentage of iodine for the pentaiodide is 77.63. These 
results prove the formation of an iodide, Tal g . It sublimes in dark, 
nearly black lamellae, bearing a remote resemblance to iodine crystals. 
It fuses to a dark brown liquid. Its vapor is like that of bromine. It 
may be distilled in a current of carbon dioxide without the separation of 
iodine. It resembles the bromide in its deportment toward moist air 
sand water. An intermediate oxyiodide was never observed. 

UtVXVBIttfITV OP PBWWSYL VAN I A . 
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THE POTENTIAL OF THE THALLIUM ELECTRODE. 

By Gilbert N. I.,bwis and Carl I,, von Bndb. 
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The first determination of the electrode potential of thallium was 


by Neumann 1 who obtained the following values; 

Volt. 

Tl, Tl a vS 0 4 

(saturated), 

N. E. 

3 E — +0.674 

Tl, TINO3 

(saturated), 

N. E. 

E — +0.671 

Tl, T 1 C 1 

(saturated), 

N. E. 

£ « +0.711 

Tl, T 1 A 

(0.1 N), 

N. E. 

£ — +0.677 

Tl, T 1 A 

(0.02 N ), 

N. E. 

£ +0.705 

Tl, T 1 A 

(o.oiAT), 

N. E. 

£ » +0.715 


The last three values are averages obtained from the study of 23 thallous 
salts, chiefly of organic acids, at the th ee concentrations given. Neu- 
mann believed his results to be entirely reproducible. In feet he found 
the potential of thallium in the twenty-three salts at hundredth-normal 
concentration to be the same within one millivolt. This agreement 
must have been purely accidental for we shall see that all of Neumann's 
measurements of the thallium potential were attended by a very large 
error of entirely fortuitous character. 

The doubtful character of Neumann’s determinations is apparent 
when the above values of the thallium potentials are plotted against the 
logarithms of the ion concentrations, as in Fig. 1 . The continuous straight 




line shows the way the potential would change with the ion concentration 
according to the Nemst equation; the points enclosed in circles show 
the values obtained by Neumann. These obviously neither follow the 

1 Z. physik. Chem ., 14 , 193 (1894). 

1 N. E. stands for normal electrode. A positive electromotive force, E, indicates 
always that the current tends to pass in the cell from left to right. 
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theoretical curve nor show any great regularity in their deviation there- 
from. 

The dependence of the thallium potential upon the concentration of 
thallous ion has ben recently studied by Abegg and Spencer 1 with various 
concentrations of thallous nitrate, chloride, sulphate and hydroxide. 
Their results for the potentials in different concentrations of thallous 
chloride are reproduced in Fig. 2, where the continuous line again repre- 
sents the theoretical change of potential with the concentration. The 
authors conclude that the Nernst formula is not even approximately 
true for the thallium electrode. This conclusion is also reached by Shu- 
kow 2 

In all cases studied the potential changes less rapidly with the con- 
centration than theory requires, and in all cases the deviations are greater 
the more dilute the solutions. This could readily be explained by assum- 
ing that the thallium electrode is oxidized by the oxygen contained in 
the solution, thus increasing the concentration of thallous ion next the 
electrode. The percentage change of concentration thus produced would 
obviously be greater in the more dilute solutions. This possibility, 
however, was considered both by Zhukov and by Abegg and Spencer, 
and in both cases precautions were taken which seemed adequate to pre- 
clude it. 

Any other explanation must depend upon the assumption of some 
abnormality in thallous ion. In fact Denham 8 has claimed that metallic 
thallium in the presence of thallous ion forms sub-thallous ion. Kohl- 
rausch and von Steinwehr 1 have suggested that a somewhat anomalous 
trend in the conductivity of thallous chloride indicates the tendency 
on the part of thallium to form complex ions. Finally we might surmise 
the formation of a double ion Tl 2 4 f analogous to the one which is supposed 
to exist in the case of univalent mercury. On account of these various 
possibilities it seemed desirable to investigate the subject more closely 
from the experimental side. 

The Effect of Thallous Ion Concentration upon the Potential of Thallium. 

The solutions used in this investigation were made from salts carefully 
purified by suitable recrystallizations, and from doubly distilled water. 
The metallic thallium employed came from two independent sources 
(Kahlbaum, Eimer and Amend) and both varieties proved to be identical 
in electromotive behavior. In determining the effect of the various solu- 
tions upon the potential, the kind of thallium electrode used was unimpor- 
tant provided that it be constant and reproducible. A concentrated but 

1 Z, wnorg. Chem ., 46, 406 (1905). 

* Her., 38, 2691 (1905)* 

* Proc. Chem . Soc. t 24 , 76 (1908). 

* Ber. Berlin . Akad., 19029 58 u 
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unsaturated thallium amalgam, prepared with doubly distilled mercury, 
proved most satisfactory. The amalgam used contained 20 per cent, 
thallium and was kept in a pipette provided with stopcocks, where it was 
protected from atmospheric moisture and could be withdrawn as needed. 
All measurements were made in a thermostat maintained at 25.00°. 

The solutions were prepared by dissolving known weights of the dried 
salts, or from saturated solutions obtained by shaking the salt and water 
together in the thermostat for 24 hours. These solutions were introduced 
into electrode vessels of the ordinary “half cell” type together with the 
20 per cent, amalgam. These half cells could then be measured against 
one another or against a single one chosen arbitrarily. The one so chosen 
contained a saturated thallous chloride solution with an excess of the 
solid salt lying above the amalgam. 

The first series of experiments was made with solutions of thallous 
chloride and nitrate. On account of the almost equal mobility of thallous 
ion and chloride ion the liquid potential between different solutions of 
thallous chloride may be entirely neglected. Between electrons in chlo- 
ride and nitrate of the same concentration a small difference was observed 
corresponding as nearly as could be observed to the calculated potential 1 
between the liquids. It was found possible to eliminaje this* difference 
by interposing a normal potassium chloride solution between the two 
liquids, and this was done in the succeeding experiments. 

The results of this series are given in Table I where the first column 
shows the salt used and its concentration (S denotes a saturated solution). 
The third column gives the potential between the electrode in question 
and the one in saturated thallous chloride. Each value is the mean of 
several determinations, which, in the concentrated solutions, were very 
concordant. 

Tabus I. » 



Volt. 


Volt. 

TlNO t 1/10 N 

. . . ^ —0.0414 

T1C1 1/200 N 

+ O.0240 

T1NO, 1/30 N 

—0.0175 

T1NO* 1/200 N . . . . 

... +0.0228 

TINOj 1/40 N...... 


T1C1 1/55 

... . +O.O30I 

T1C1 S 


T1C1 1/400 N 

+O.O356 

T1C1 j/ioo N 

T1C1 1/2 5 

+0.0104 

TINO3 1/400 N 

+O.O339 


These values are plotted in Fig. 3 against the concentrations of thallous 
ion, the latter values being obtained with the aid of degrees of dissociation 
calculated from Kohlrausch's conductivity data. The solubility of 
thallous chloride at 25 0 is taken as 0 0161 N. This is the value obtained 
in perfect agreement both by Noyes 2 and by Kohlrausch. 8 

1 See Lewis and Sargent, This Journal, 31, 363 (1909). 

* Z . physik . Chem., 49, 296 (1904). 
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In the dilute solutions there is obviously an increasing divergence 
from the straight line (3) demanded by the Nernst equation. However, 
this divergence, although in the same direction, Is so much smaller than 
that found by previous investigators, and the potentials measured were 



Log 1011 concent r. 1 turn 
1'iti 3 


so muclf'less certain in the dilute solutions than in the concentrated, 
that we were inclined to believe the apparently anomalous behavior of 
the dilute solutions to be due to some cause latent in the experimental 
method. This suspicion was confirmed when the solutions which had 
been used with the thallium electrodes were tested with phenolphthalein 
and found to be decidedly alkaline. 

This alkalinity must obviously be due to the oxidation of metallic 
thallium by dissolved oxygen. The small amount of thallous hydroxide 
thus produced is insufficient to produce an appreciable percentage increase 
in thallous ion concentration in the concentrated solutions, but evidently 
might be sufficient in the dilute solution to cause the low potentials ob- 
served. For this reason several dilute solutions were investigated further 
with two additional precautions. The first consisted in exhausting the 
solutions of air as far as possible, 1 the second in filling the electrode vessel 
first with solution and then introducing the amalgam through a capillary 
■ dipping below the surface of the solution. These changes resulted in an 
increase of 0.0008 volt in the potential of the electrode with saturated 
thallous chloride. The other new electrodes measured against this new 
thallous chloride electrode gave the values in Table II. 

1 It was found possible to exhaust a solution without appreciably changing its 
concentration, by boiling it for a minute or two under reduced pressure at a temperature 
of as 0 to 30 0 C. 
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Table II. 

Volt. Volt. 

T 1 C 1 S o T 1 N 0 * 1/262 N +0.0346 

TlNO a 1/100 N +0.0121 T 1 N 0 3 1/515 N +0.0480 

These data are shown also in Fig. 3, and are represented by the points 
lying on the second dotted curve (2). These points approach very close 
to the theoretical except at the highest dilution. Moreover, the solutions 
still gave a faint coloration with phenolphthalein, showing the presence 
of amounts of thallous hydroxide which, though very small, might affect 
the potential at high dilutions. Of the values thus far obtained those least 
likely to be affected by the oxidation of the electrode are undoubtedly 
those for the two most concentrated solutions, tenth- and thirtieth-normal 
TINO3, and the two most concentrated of the diluter solutions in which 
special precautions were taken, namely, saturated thallous chloride and 
hundredth-normal thallous nitrate. These values agree very closely with 
the Nernst formula and it seemed particularly desirable to obtain an 
equally reliable value for a more dilute solution, in order to test^the formula 
over as wide a range as possible. * 

We had already observed that an electrode under saturated thallous 
chloride, with excess of solid thallous chloride, was s more reproducible 
than one containing the same concentration of an unsaturated thallous 
salt. This was to be expected since a small amount of thallous ion ac- 
cidentally added to saturated thallous chloride would be largely removed 
from the solution as solid thallous chloride. For this reason we decided 
to use for the most dilute solution a saturated solution of thallous bromide. 
This has a solubility at 25 0 of 0.00199 N according to the recent work of 
Kohlrausch, 1 whose measurements moreover agree perfectly with those 
of several other observers. 

A saturated solution of this salt and an excess of the solid were placed 
in a specially designed electrode receptacle through which very pure hy- 
drogen could be passed continuously, so as to bubble through the solution. 
When this process had been continued long enough to insure the removal 
of all the oxygen from the solution and the gas above it, by turning a 
stopcock the thallium amalgam was allowed to enter through a fine 
capillary. The electrode thus prepared gave, against the saturated 
T 1 C 1 electrode, a very constant potential of +0.0521 volt and the solution 
after long standing in contact with the electrode gave no coloration 
with phenolphthalein. We may therefore consider this potential 
as reliable as the four mentioned above. We reproduce these five values 
in iFable III, which gives the concentration, C, of the salt used, the degree 
of dissociation, a, as obtained from conductivity measurements, the ion 
concentration, C', the potential, E, against the saturated thallous chloride 

1 Z . physik . Chem., 64, 149 (1908). 
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electrode, and the values of E calculated from the Nemst equation. 
These data are also plotted in Fig. 4. 


Table III. 

C a. C. E (calc.). 

TINO, Mu 0.100 0.79 0.0790 — 0.0422 — 0.0438 

T 1 N 0 , 0.0333 0.88 0.0293 — o 0183 — 0.0182 

T 1 C 1 (S) 0.0161 0.89 0.0143 o (standard) 

T 1 N 0 , 0.0100 0.93 0.00930 4*0.0113 4-0.0113 

TlBr(S) 0.00199 0.97 0.00193 4-0.0513 4-0.0516 


The deviation of one and a half millivolts between the observed and 
calculated values for tenth-normal thallous nitrate is undoubtedly real, and, 
not to be attributed to experimental error. Moreover such a real deviation 
from the Nemst equation in the direction found is to be expected in the 
case of a solution as concentrated as tenth-normal. There is much ex- 



Tie. 4 . 1 

perimental evidence to show that if conductivity is taken as a measure of 
ion concentration, the ions (although much less abnormal in behavior than 
the undissociated substance) do not quite obey the laws of a perfect solu- 
tion. The ratio of their activity 1 to their concentration, which should 
be constant, diminishes somewhat at the higher concentrations. 2 

The remaining values agree remarkably with the Nernst equation, 
the deviations being irregular, and amounting in no case to more than 
0.0003 volt. This agreement, and the constancy of the potential when 
the solutions in the electrode vessels are stirred, we regard as strong evi- 
dence against the existence of the sub thallous ion assumed by Denham. 8 

Instead then of finding any anomaly in the electromotive behavior of 
thallous ion, we may assert that the Nernst equation holds for the thallium 

1 See Lewis, Proc . Am. Acad., 43, 259 (1907); Z. physik. Chem 61, 129 (1907). 

* In an article about to appear in This Journal, Bray and Mackay point out an 
interesting case in which this rule is confirmed. 

1 Loc. tit. 
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electrode over a large range of concentration with greater accuracy than 
it has as yet been shown to do in the case of any other electrode. 

The Thallium Electrode Potential, 

In order to determine the absolute electrode potential of thallium, 
we must use an electrode of pure metallic thallium or*%ome electrode 
that is its equivalent. It was shown by Kurnakov and Puschkin 1 that 
thallium and mercury form no solid compound above 15 °. Sucheni* 
showed that mercury does not dissolve to any extent in solid thallium, 
and that a saturated solution of thallium in mercury therefore has the 
same potential as pure thallium. This fact, which we have also corrob- 
orated, enables us to use a paste of thallium and thallium amalgam in 
place of solid thallium, which like all solid metals gives an inconstant 
potential owing to uncontrollable surface variations. 

A mixture of 55 parts thallium and 45 parts mercury was warmed 
until liquid in the electrode vessels. After cooling, the electrodes were 
rinsed with the solution to be used and the vessels then filled. After 
this rinsing, electrodes prepared without special precautions gtfve the same 
results as those prepared in the total absence of oxygen. The first ex- 
periments, with three electrodes of this type (in two of which the amalgams 
were made from samples of thallium of different origin) were made with 
saturated solutions of thallous chloride containing an excess of the solid 
chloride. In the first case no special precautions were taken, in the 
second the solution was freed from air by exhaustion, in the third by a 
stream of hydrogen. Against the normal electrode the electromotive 
forces were 0.7258, 0.7256, 0.7257, respectively. We may write, therefore, 
Tl, T 1 C 1 (sat.) N. B. ; E - 0.7257 volt. * 

The ion concentration of thallium in the saturated chloride solution 
is 0.0143 N . From the Nemst equation, 

Tl, T 1 +(A 0 , T1 +(o.oi 4 3 N), Tl; E « 0.1087 volt. 

Adding these equations gives 

Tl, T 1 +(jV), N. II. ; E » 0 .6170 volt. 

On account of the almost equal mobility of thallous and potassium ions, 
the liquid potential is here negligible. Therefore, the potential of the 
thallium electrode, when the normal electrode is taken as zero, is 0.6170 
volt at 25 °. 3 

We also investigated electrodes of saturated thallium amalgatn under 
tenth-normal and normal potassium chloride saturated with thallous 

1 Z . anorg. Chetn ., 30, 86 (1902). 

2 Z. Elektrochemie , 12, 726 (1906). 

3 As in other bases, this is not the potential against a real normal solution of thallous 
ion, but against a sort of hypothetical normal solution, between which and a dilute 
solution the Nemst formula would hold. This potential would in any case be more 
useful in calculation than that against the" real normal solution, even if the latter value 
could be obtained. 
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chloride. Electrodes of this type were used successfully by Sucheni and 
we find them, as was to be expected, much less affected by any oxidation 
of the electrode than the other types that have been used. The electrodes 
with tenth-normal potassium chloride gave against the normal electrode 
the following potentials in four experiments, the last one being made with 
a new potassium chloride solution prepared from salt of a different origin, 
(i) 0.7707, (2) 0.7704, (3) 0.7705, (4) 0.7708. The average is therefore, 
Tl, T 1 C 1 (solid), KC 1 (1/10 N), N. K.; E « 0.7706 volt. 

From this value also it is possible to calculate the normal potential of 
thallium, although this calculation is less justifiable than the one above, 
since it assumes the validity of the laws of the perfect solution up to a 
higher concentration. The solubility product of T 1 C 1 is (0.0143), 2 and 
the concentration o£ Cl" due to the potassium chloride may be taken 
as 0.085, allowing for the degree of dissociation, in the presence of thallous 
chloride; then, if x is the concentration of thallous ion, we obtain from the 
solubility-product rule, 

(0.085 4 x) x - (0.0143) 2 . 

Hence x 0.00254 and the above equation for electromotive force may 
be written 

Tl, TH (0.00234 A r ), N. E.; E ==■ 0.7706 volt. 

From the Nernst formula, 

Tl, TH (iV), TH (0.00234 N), Tl; E «■ —0.1555 volt. 

Hence, 

Tl, T 1 +(A 0 , N. K.; E - 0.6151 volt. 

The difference of nearly two millivolts between this value and the one 
obtained above is not to be ascribed to experimental error, but was to 
have been predicted from the principle stated above, namely that when 
we calculate concentrations in the ordinary way the activity of an ion 
in tenth-normal solution is always lower than that calculated from the 
behavior of more dilute solutions. The chloride ion from the tenth- 
normal potassium chloride has really then a smaller effect on the solubility 
of thallous chloride than we have ascribed to it when we assumed the 
complete validity of the ideal laws upon which the solubility product 
rule is based. We shall adhere therefore to the first value, 0.6170 v., 
as the potential of the thallium electrode. 

Wc also investigated saturated thallium amalgam in normal potassium 
chloride saturated with thallous chloride, and this furnished the most 
constant electrode of all those that we measured. With reasonable 
care it should give fully as reproducible a potential as the normal calomel 
electrode. Against the latter it has the following potential: 1 

Tl, T 1 C 1 (solid), KC 1 N, N. E.; E - 0.8227 volt. 

’ It is worth noting that the difference of 0.0521 v. between the electrodes in N 
and i/io/ST KC1 is almost identical with the difference of about 0.0526 v. between the 
normal and tenth-normal calomel electrodes. 
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This electrode, although it gives entirely reproducible potentials, shows 
a gradual increase of potential on long standing. This phenomenon had 
been observed to a greater degree with the other electrodes. Electrodes 
in saturated solutions of thallous chloride in water, i/io N KC 1 and 
N KC 1 respectively, increased in potential after four months' standing 
by 0.0038 volt, 0.0014 volt, and 0.0004 volt. We have not* ascertained the 
cause of this increase. It is not due to any change in the amalgam, 
since in every case the original potential is obtained when the electrode 
vessel is refilled with a fresh solution. 

Summary. 

Contrary to some views previously published, there is nothing anomalous 
in the electromotive behavior of thallous ion, nor do we find any evidence 
of the existence of a sub- thallous ion. • 

Previous measurements of the thallium potential have been vitiated 
by the oxidation of the electrode and the consequent increase in thallous 
ion concentration. When such oxidation is avoided the Nemst formula 
is obeyed more closely than has been shown to be the case with any other 
electrode. 

The assumption of the validity of the Nemst formula and the solubility - 
product rule (ion concentration being measured by conductivity) leads 
to measurable errors when the concentration is as high as tenth- normal, 
and the direction of these errors can be predicted. 

The potential of pure thallium in saturated solutions of thallous chloride 
in water, in 1/10 N KC 1 and in N KC 1 were measured. The potential 
of pure thallium against (hypothetical) normal thallous ion is 0.6170 volt 
at 25 0 when the normal calomel electrode is taken as zero. 

This work was completed in the summer of 1908. 

Note . — Since this paper was written pur attention has been called 
to an article by Brislee 1 who has investigated thallium potentials with 
precautions against the oxidation of the electrodes. He also finds no 
striking deviation from the Nernst equation although the variations 
which he observes are much larger than ours. This is doubtless because 
electrodes of solid thallium were used and because the work was not done 
in a thermostat. His value for the thallium electrode potential differs 
considerably from ours. We give below a table of values for the e. m. f. 
of Tl, Tl+AT, N. E. calculated from the results of the various observers 
whose work has been mentioned above. All the values are based on 
experiments with saturated thallous chloride. 

E. M. F. 


Neumann 0.605 

Abegg ahd Spencer 0.614 

Brislee 0.602 

Lewis and von Ende 0.6170 


1 Trans. Faraday Soc, t 4, 157 (1909). 
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Our value, obtained at 25 °, we regard as undoubtedly accurate within 
a few tenths of a millivolt. Brislee’s value was obtained in the neighbor- 
hood of 1 7 0 and the wide difference between the two values may be in 
part due to the difference in temperature, which would indicate, however, 
an exceptionally large temperature coefficient for the thallium electrode. 

Boston, Mass. „ 
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i. Purpose of the Investigation . — The general purpose of this investiga- 
tion was to determine what modification must be made of the empirical 
principles which have been found to express the ionization of salts in 
mixtures with a common ion, in order that they may be applicable also 
to mixtures with no common ion ; in other words, to determine the general 
law governing the ionization relations of salts. 

Although many researches have been carried out on the conductance 
of mixtures with a common ion, few data exist upon mixtures with no 
common ion suitable for the purpose just mentioned. 1 At the suggestion 
of Professor A. A. Noyes, this investigation was therefore undertaken, 
the plan being to measure the conductance of mixtures of two salts with 
no common ion, and to compare the results with the conductance cal- 
culated by the principle discussed in the following section. The salts 
chosen were potassium chloride and sodium sulphate, and sodium chloride 
and potassium sulphate. Thus mixtures of salts of two ionic types could 
be prepared, whereby a more satisfactory test of the theory would be 
afforded. 


2. Principles Relating to the Ionization of Salts in Mixtures. — The prin- 
ciples already established may be first briefly reviewed. 

The mass-action law requires that the ionization 7* of any salt vary with 
the concentration C, in accordance with the equation: 

( rQ* 

(1 -r)c 

where K is the ionization constant for the salt, stnd » is the number of 
ions produced by the ionization of x molecule of the salt. The numerical 

1 The only measurements that exist seemjto bejthose of Barmwater ( Z . pkysik. 
Chen., a8, 437 (1899)), on certain mixtures of uni-univalent salts. 


K. 


(0 
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* value for n should therefore vary with the ionic type of salt, being 2 for 
uni-univalent salts, like potassium chloride, 3 for uni-bivalent salts like 
potassium sulphate, etc. As is well known, however, the mass-action 
law does not apply, even approximately, to the ionization of salts, strong 
acids, and bases when the conductance ratio A/A 0 is taken as a measure 
of the ionization. 1 

Kohlrausch, 2 Rudolphi, 3 and van't Hoff 4 first proposed various em- 
pirical functions containing only a single constant for the purpose of ex- 
pressing the change of ionization with the dilution. $ torch 5 then sug- 
gested that, in order to secure closer agreement with the observed values, 
a general expression of the form of equation (1) be employed, the ex- 
ponent n being regarded as a second empirical constant to be derived for 
each particular salt from the conductance measurements, van’t Hoff 6 
had already shown that an approximate agreement between the formula 
and the existing data could be secured in the case of a large number of 
di-ionic salts by taking n - 1.5. Storch showed that a nearly complete 
agreement in the case of the eight di-ionic and four tri-ionic substances 
studied was attained up to 0.1 normal by assuming values of w # varving 
only within the limits 1.42 and 1.52. Bancroft 7 showed that Storch’s 
formula with values of n varying within about the same limits was ap- 
plicable to certain other di-ionic salts. By the extended investigations 
made in this laboratory it has been shown that the same is true also for 
tri-ionic and tetra ionic .salts, and for the salts of all three types through 
a very wide range of temperature Thus the values of n obtained, though 
varying somewhat with the nature of the salt and the temperature, all 
fall within the narrow limits of 1.40 to 1.55. 8 

Equation (1) may also be written in the following form, which expresses 
the ionization as a function of the ion concentration (Cy) : 

~z T = K(CrY~ n . ( 2 ) 

A study of the conductance of mixtures of two salts with a common 
ion has thrown further light on the ionization relations of salts. The 
results of such measurements can be satisfactorily expressed by the follow- 
ing principle derived from theory of isohydric solutions of Arrhenius, 9 

1 For general discussion of this subject see Noyes, 2 . physik. Chem ., 52, 635 (1905); 

' Science , 20, 584 (1904). 

* Wxed. Ann., 26, 200 (1885); 50, 394 (1893). 

' 9 2 - physik. Chem., 17, 385 (1895). 

4 Ibid., 18, 300 (1895). 

* Ibid., X9, 13 (1896). * 

* Loc , tit. 

^ 7 Ibid., $x, 188 (1899). 

* This Journal* 30, 343 (1908); 31, 1000 (1909). 

* 2 . physik. Chem., 2, 285 (1888); 31* 218 (1899). 
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and shown, most fully by the investigations of MacGregor, McIntosh, 
Archibald, and McKay , 1 to be valid not only for uni- univalent salts, but 
also for those of higher types, even in cases, as has been pointed out by 
Noyes , 2 where the mass-action law would require a very different effect. 
In a mixture of two salts with a common ion each salt lias a degree of 
ionization equal to that which it has when alone present in a solution in 
which its ions have a concentration equivalent to that of the common ion 
in the mixture. 

This principle evidently shows that the ionization of any salt is the 
same function of the ion concentration, whether the salt is present alone 
or together with another salt with a common ion. Therefore, in cor- 
respondence with equation (2), it may be expressed as follows: 

, r \ - K»(Q r. + ; and - 1 2 = k 2 (c \ Ti + c 2 r i y~ nt ; (3) 

1 ' 7i 1 T 2 

the subscripts referring to the two salts, respectively. These equations 
may readily be transformed into the following ones: 

ri <•< *)""; and 

( 4 ) 

That signifies that in a mixture of salts with a common ion the ratio of 
the product of the concentrations of the constituent ions of each salt to 
the concentration of its un ionized part is proportional to the equivalent 
concentration of the common ion raised to the (2 -ri) power. In this 
case of a mixture of salts with a common ion, it is to be noted that the 
expression ) for the concentration of the common ion is also 

the expression for the sum of the equivalent concentrations (Si ; of all 
the positive or negative ions. If, as seems reasonable, it is this “total 
ion concentration’' which in general determines the equilibrium, then 
for any salt of the general type A X B V present in any solution where the 
total equivalent ion concentration is (Si), the following expression will 
hold true: 

«> 

It is evident from this equation that for a given total ion concentration 
in the solution the ratio (A)(B)/(A J( .B V ) has a definite value which can 
be calculated from the values of K and n that may be derived by equation 
(1) from the ionization values of the salt when present in water alone. 
This makes it possible to calculate the concentrations of all the ions and 
the un-ionized substances present in a solution containing any definite 
mixture of salts, as will be shown later. 

1 Trans. N. S. Inst Sci. t Vols. 9 and 10 (1895-1899). 

3 Loc . cit. # 
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3. The Experimental Method . — Exactly 0.2 normal solutions of the 
four separate salts 1 were made by weighing out the ignited substances, 
transferring them to a two-liter graduated flask, and adding sufficient 
conductivity water to bring the solution at 18 0 to the graduation mark. 
The more dilute salt solutions and the solutions of the mixed salts were 
prepared by mixing with the aid of carefully calibrated pipettes definite 
volumes of the stock solutions with water or with each other. The 
specific conductance of the water used did not exceed 0.9 X 10“* reciprocal 
ohms. 

The conductance measurements were made at 18 0 , observing the usual 
precautions, in a U-tube of one of the forms described by Kohlrausch and 
Holborn, 2 with platinized electrodes. The conductance capacity of this 
cell was calculated from the conductance values given by Kohlrausch 
and Maltby 8 for various solutions of potassium chloride. The ther- 
mometer, slide-wire, and resistance coils used had all been calibrated. 

4. The Conductance Data . — The results of the measurements with the 
separate salts are given in Table I. 

Table I. * 

* 

Specific conductance X jooo at i 8 °. 


Bquiv. cone. 

NaCl. 

KC1. 

Na»S0 4 . 

k,so 4 . 

0.2 

17-546 

21.592 

13-99 


0.1 

9.302 

11.203 

7 707 

9.491 

O .05 

4-785 

5-787 

4.182 

5.098 


The specific conductance values for potassium chloride, sodium chloride, 
and potassium sulphate agree within 0.1 per cent, with the latest measure- 
ments of Kohlrausch and Maltby and Kohlrausch and Griineisen. 1 Com- 
pared with the earlier conductance values of Kohlrausch, marked de- 
viations, amounting in the stronger solutions to 2 per cent., exist in the 
case of sodium sulphate. 

In Table II are given the results obtained with the mixtures. The 
first column gives the number of the mixture. The next four columns 
show the equivalent concentrations of the solutions from which each 
mixture was prepared. The next four columns show the relative volumes 
of these solutions which were mixed. The last column gives the specific 
conductance (Xiooo) in reciprocal ohms of the thixture at 18 °. 

It may be pointed out that a check upon the purity of the salts and the 
preparation of the solutions is afforded by the complete agreement of the 
conductances of mixtures Nos. 3 and 7, of which the former was prepared 
from sodium chloride and potassium sulphate and the latter from potas- 
sium chloride and sodium sulphate. 

1 These salts were kindly furnished to me by Mr. A. 0 . Melcher, who had prepared 
them in a pure state for ‘other conductivity work. 

* Leitoermdgen der Elektrolyte, Fig. io, p. 16 (1898). 

8 See UhidoU-Bihyute^hfeyerhoffer Tabellen, 3 Aufiage , p. 744. 
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Tabu® II. 


Mist. 

No. 


Equivalent concentration . 

Relative volumes mixed. 

Specific 
cond. '' 
1000. 

NaCl. 

k*so 4 

ftCl. 

Na*S 0 4 . 

NaCl. 

k 8 so 4 . 

KC1. 

Na$S 0 4 . 

I 

0.2 

0.2 


. . . 

4 

I 



17-52 

2 

0.2 

0.2 



2 

I 



17-53 

3 

0.2 

0.2 

. . . 

. . . 

I 

1 



1752 

4. ...... 

0.2 

0 2 



X 

2 



17 52 

5 

0 2 

0.2 



1 

4 



17.52 

6 



0 2 

0.2 



I 

2 

16.29 

7 



0.2 

0.2 



I 

Z 

1752 

8 



O 2 

O 2 



2 

I 

18.81 

9 

O. I 

O I 



4 

1 



9.262 

10 

O. I 

O. I 



2 

1 



9 303 

11 

0.1 

O. I 



1 

1 



9 346 

12 

0.1 

O. I 



1 

2 



9-378 

13 

O. I 

O. I 



1 

4 



9 - 43 ® 

H 


"... 

0. I 

O. I 



2 

1 

9-933 

15 



O. I 

O. I 



1 

2 

9 778 


5. Method of Calculation and Results . — When two salts with no common 
ion (for example NaCl and K 2 S0 4 ) are mixed there are formed by meta- 
thesis two other salts (KC1 and K 2 S0 4 ). In any definite mixture of this 
kind the composition shows the value of the total sodium (2Na), total 
potassium (2K), total sulphate (SS0 4 ), and total chloride (SCI). The 
various forms in which these constituents exist are expressed by the follow- 
ing equation, in which the symbols within parentheses represent the 


equivalent concentrations: 

(SNa) - (Na + ) 4- (NaCl) + (Na 2 S0 4 ). (6) 

(SK) - (K+) + (KC1) + (K 2 S0 4 ). (7) 

(SS0 4 ) - (SOr) 4- (K 2 S0 4 ) + (Na-jSOJ. (8) 

(SCI) - (C1-) + (NaCl) 4- (KC1). (9) 


According to the principle stated in the second section, the ratio of the 
product of the concentrations of the ions of any one salt to that of its 
tin-ionized part is proportional to the total equivalent ion concentration 
raised to the (2-n)-power. (This ratio will, in the following discussion, 
be designated the ion-product-ratio of the salt.) 

This principle applied to each salt in the mixture furnishes the four 
additional equations that are needed in order to make it possible to solve 
for the concentration of each of the eight substances present. The equa- 
tions are: 


(NaCl) 
(K+ ) (Or) 
' (KC1) 



(10) 


(”) 

P (Si)*—*.' 

<»*) 
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( K+)(S OD 

~ (K 3 S 0 4 ) 


K 4 (Si) 3 ~*<. 


( 13 ) 


In these equations, (Si) - (Na+) + (K+) or (Cl') + (S 0 4 ~), and K v K 2% 
f£ s , K v and n v n 2l n A are the coefficients and exponents for the respective 
salts which occur in the dilution formula, (yC) n — KC(i-y) expressing 
their ionization when present in water alone. 

The above equations were easily solved by trial in the following way: 
The separate ion concentrations were estimated, and the numerical value 
of the ion-product-ratio for each salt corresponding to the sum of these 
ion concentrations was determined. This value for the salt in question 
was obtained from a curve plotted with its ion-product-ratios as abscissas 
and the corresponding ion concentrations as ordinates, the data given in 
Table I for the salts in water alone being employed. From these values 
of the ion-product -ratios and the values of the ion-concentrations estimated 
at the start, the concentrations of the un-ionized parts of the salts were 
calculated by equations (10) to (13). By substitution of the latter con- 
centrations in equations (6) to (9) were obtained better varies for the 
separate ion concentrations. With these new values of the ion^concen- 
trations the whole process was repeated until all eight equations were 
satisfied, \ 

The specific conductance L of any given solution was then calculated 
from the equivalent concentrations, obtained as just described, and from 
the equivalent conductances (A K , etc.), at zero concentrations of the 
separate ions by the equation 

1000 L - (Na+)A Na + (K+)A k + (SOr)A s04 + r (Cl”)A cl . (14) 
The values used for the equivalent conductances of the ions were those 
given by Kohlrausch, 1 namely, A Na — 43.6, A K » 64.7, A SG4 « 68.4, 
and A C1 « 65.4. 

The results of the calculations are given in Table III. That the values 
given actually satisfy- equations (6) to (9) can be readily proved by direct 
summation; and that they satisfy equations (10) to (13) can be shown by 
calculating the ion-product ratios and comparing these with those plotted 
for the salts iti water alone, as above described. 

6 . Discussion of the Results . — A consideration of the last column of 
percentage differences shows that in the case of the first eight mixtures, 
in which the total salt concentration was 0.2 normal, the calculated con- 
ductance is greater by an average amount of 0.48 per cent., and that the 
variations from this average in the case of the mixtures with different 
proportions of sulphate and chloride are insignificant. In the case of 
the last seven ffiixtures, in which the total salt concentration was 0.1 
normal, the same is true except that the average value of the percentage 


4 Lan<k>lt-BQrnstein~Meyerhofjer T abellen, p, 763. 
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difference is about one-half as large, namely 0.27 per cent., indicating 
that the deviation would probably be scarcely appreciable at 0.05 normal. 

Tablk III. 


Mix- 




Concentrations 

in a 

lilli-equivalents pet liter. 



Spec 

cond X 

1000. 

No. 

NaCl. 

KC 1 . 

Na t S0 4 . 

k 2 so 4> 

Na 

-f . 

K 

4. 

Cl 

- 

SO 

i • 

Calc 

Obs. 

%: 

□iff. 

X 

24 

•55 

5 

•35 

12 

•85 

2 

75 

122 

.60 

3i 

90 

130 

00 

24 

40 

17 

59 

17 

•52 

0 

.40 

2 

16 

86 

7 

40 

T 7 

•75 

7 

.65 

98 

69 

51 

62 

109 

10 

41 

.27 

17 

60 

17 

53 

0 

45 

3 

9 

33 

8 

24 

19 

•77 

17 

2 3 

70 

90 

74 

53 

82 

43 

631 

.00 

17 

61 

17 

52 

0 

•51 

4 

4 

.07 

7 

24 

*7 

•43 

30. 

•59 

45 

17 

95 

•50 

55 

3 6 

85 

31 

17 

61 

17 

•52 

0 

5* 

5 

X 

44 

5 

17 

12 

38 

43 

71 

26 

18 

111. 

. 10 

33 

•39 

103 

90 

17 

.62 

17 

•52 

0 

•57 

6 

8 

16 

3 

64 

34 

•54 

15 

15 

90 

60 

47 

88 

54 

.87 

83 

61 

16 

36 

16 

.29 

0 

43 

7 

9 

3* 

8 

.25 

IQ 

77 

17 

23 

70 

9i 

74 

• 52 

82 

43 

63 

00 

17 

.61 

17 

•S 2 

0 

•5i 

8 

8 

•45 

H 

.80 

9 

01 

15 

50 

49 

21 

m3 

00 

1 10 

10 

42 

. 16 

18 

89 

18 

81 

0, 

48 

9 

9 

.82 

2 

. 20 

5 

29 

1 

.18 

64 

89 

16 

62 

<>7 

98 

13 

53 

9 

276 

9 

262 

0 

15 

10 

6 

75 

3 

02 

7 - 

■3J 

3 

26 

52 

6r 

27 

05 

56. 

90 

22 

76 

9 

321 

9 

303 

0 

19 

n 

3 

75 

3 

37 

8 

■ 13 

7 

31 

38 

12 

39 

32 

42 

88 

34 

50 

9 

•374 

9 

34 6 

0 

30 

12 

1 

64 

2 

97 

7 

16 

12 

92 

?4- 

53 

5° 

78 

28 

72 

46 

59 

9 

420 

9 

378 

0 

45 

13 

0. 

5« 

2 

. 1 1 

5 

08 

18 

50 

14 

34 

59 

39 

17 

31 

56 

42 

9 

460 

9 

430 

0. 

32 

*4 

3 

37 

6 

04 

3 

68 

6 

57 

26 

28 

54- 

06 

57 

26 

23- 

08 

9 

964 

9 

933 

0 

3i 

15 

3 

29 

1 

49 

M 

>T 
- / 

6 

45 

49 

1 r 

25 

39 

28 

55 

45 

95 

8 

795 

8 

778 

0 

19 


Since the conductance is substantially determined by the sum of the 
concentrations of the ions (irrespective of their separate concentrations), 
these results show that when the concentrations of the j separate tons of the 
salts in the mixtures ate calculated by the principle expressed by the equation 
(A)(B)/(A x B y ) ~ K(£ i) 2 "~ w the sum of the ion concentration* is obtained 
with an accuracy of about l / 2 pet cent, at 0.2 normal and of about J / 4 per cent, 
at o. 1 normal. 

The possibility must, of course, be recognized that a compensation 
takes place owing to the un ionized tri-ionic salts being present in a larger 
or smaller proportion and the un-ionized di-ionic salts being present in 
a correspondingly smaller or larger proportion than that calculated. 
This might be the case, for example, if the ionization relations of the di- 
ionic and tri-ionic salts were determined by a different principle, instead 
of by the same principle, as has been assumed. All that can be said 
is that there are at present no facts known that make necessary this more 
complicated assumption. 

One possibility deserves, however, brief consideration because of its 
possible theoretical significance. It might be assumed, namely, that 
the law of the equilibrium for a tri-ionic salt like K 2 S 0 4 should be written, 
in closer correspondence with the mass-action law, in the form 


(K+)»(S 0 D 
“ (K a S0 4 ) 


A (2 i)*-» 


instead of 


(K+)(SOD 

(KiSO,) 




When the salt is present in water alone or in a mixture with another 
potassium salt, these two expressions are identical, since then (Si) — 
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(K + ) ; but this is not true in any case where other positive ions are present, 
for example in mixtures with another sulphate, or in mixtures with no 
common ion like those above considered. Making the assumption that 
equations of the first form hold for potassium and sodium sulphates (in 
place of equations (12) and (13)) and that the other equations (6) to (11) 
hold true as before, the composition and conductance of Mixture No. 3 
was calculated with the following result: 

Concentrations in milli-equivalents per liter. Spec cond. X 1000. 

NaCl, KC 1 . Na 2 S 0 4 . £ 2 S0 4 . Na+. K + - Cl". S 0 4 ^. Calc, Obs. % Diff. 

9.70 S.40 12.40 IO.91 77.9 80.7 81.9 76.7 19.22 17.52 9.6 

It is seen that the conductance calculated under this assumption de- 
viates very greatly (9.6 per cent, from the observed value). 

Boston, April 10, 1910. 

THE SOLID HYDRATES OF AMMONIA. II. 

By Frank F. Rupert. 

Received April n, 1910. 

In a previous paper 1 the author gave the freezing-point jurve for the 
system ammonia-water, showing the existence of two hydrates. Since 
then the work has been repeated, making a larger number of freezing- 
point determinations, and using better aids to accuracy. 

The method used was substantially that described in the previous 
paper. Corrections were made for the weight of the ice inevitably collect- 



ing on the tube ‘containing the solution, while being inserted in the vacuum 
tube. This amounted to 0.05 gram, with a possible error of 0.02 gram, 
in a total of 10 to 20 grams. 


1 This Jouenax,, 31, 866 (1909). 
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Temperatures above — ioo° were determined by using a standardized 
toluene thermometer, and are probably correct to within 0.5 °; below 
that temperature by a thermo-couple standardized by comparison with 
the thermometer and with liquid air, but on account of the high viscosity 
of the solution, and consequent supercooling, the results for the latter 
determinations are unsatisfactory. 

The table of freezing points follows : 


Per cent 

Freezing 

Per cent. 

Freezing 

Per cent 

Freezing 

NH». 

point. 

nh 3 . 

point. 

NH a 

point. 

0.6 

— 0.6 

30.2 

—87.9 

65.I 

“" 79 -o 

0.7 

— 0.5 

31 I 

— 96.0 

66.9 

-79.1 

1.2 

- — 1 O 

31 7 Below 

— IOO. I 

67 4 

- -78.6 

2 . 1 

— 2 2 

32 9 

-102.5 

68.4 

*-' 79*4 

2.2 

--2.2 

34.5 Below 

— 120.0 

693 

— 80.2 

2.9 

3*7 

35 5 Below 

101.5 

70.1 

— 81 .0 

3-8 

5 0 

38 0 

— 94*5 

71.9 

— 82 .0 

4.0 

4*6 

39 0 

—88.8 

74-3 

—84.6 

4*9 

— 5*9 

41 4 

—84 -5 

76.9 

—88.8 

5-1 

— 7*1 

42.4 

— 84.2 

78.6 

— 92 .0 

5 5 * 

—7.0 

42.4 

—83 .9 

80.3 

—92.9 

5*7 

— 7*3 

43-7 

82 .O 

80 8 

“ 93*4 

6-5 

“8.5 

45*9 

80.0 

81.3 

— 92 8 

6.7 

-8.5 

47 *i 

79.6 

82.3 

—91.9 

9*9 

— 13*4 

47-7 

79*3 

82.5 

—92.4 

11 . 1 

— 15*5 

49.8 

79*3 

82 8 

— 90.4 

12.6 

— 19.0 

5 ii 

— 80.0 

83*7 

— 90.6 

13 2 

— 20.2 

52.0 

—80 6 

84.9 

—89.6 

14.7 

— 22.9 

52.2 

— 81 0 

85.2 

—88.8 

16.4 

—26.8 

53 *i 

—81 8 

86.1 

-87.1 

18.3 

—32.6 

53*9 

—82.8 

88 2 

—85 3 

19.6 

— 35*3 

55*3 

— 84.2 

90.0 

— 84.2 

21.4 

—41.9 

56.7 

—86.2 

92.4 

— 82 9 

23.0 

—46.8 

58.1 

—84.9 

93*6 

-81.7 

2 4*5 

—52 6 

58.9 

“83.6 

94 8 

— 81 .0 

26.1 

— 60,7 

609 

—81.2 

95*7 

— 80 3 

27.6 

— 68 5 

62 2 

— 79-5 

97*4 

— 79*4 

28.5 

-75 0 

64.0 

— 79*4 

98.9 

— 78.6 

28 7 

- 77*8 

64 6 

—79.0 

100.0 

— 78 0 


The accompanying curve clearly shows two maxima, which do not 
differ from the theoretical compositions of NH 4 OH and (NH 4 ) 2 0, 48.6 
and 65.4 per cent, ammonia respectively, by more than the experimental 
error. The eutectic points are: H 2 0 — NH 4 OH, not determined; 
NH 4 OH — (NH 4 ) a O, —87°, 56.5 Per cent. NH 8 ; (NH 4 ) 2 0 — NH a , — 94 0 , 
80.3 per cent. NH S . Both ammonium hydroxide and ammonium oxide 
form fine white crystalline masses. 

This work confirms the conclusion of the previous paper, namely, that 
ammonia forms two, and only two solid hydrates, 

XJjfXVMLMTT or KAN0A9. 
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THE INFLUENCE OF THE MAGNETIC FIELD ON THE PASSIVE 

STATE OF IRON. 

By Horace G. Byers and Marc Darrik. 

Received April u, 1910. 

In an article 1 by one of us it was shown that the passive state of iron 
may be produced in an anode in numerous electrolytes by a definite 
current density, and reference was made to the work of Fredenhagen 2 
showing the same fact though incorrectly ascribed to the electromotive 
force employed. In an article by Nichols and Franklin 8 it was shown 
that the passive state of iron in nitric acid may be destroyed by placing the 
iron in a magnetic field of great intensity. It seemed of interest, therefore, 
to determine whether the passive state of iron as an anode might likewise 
be influenced by the magnetic field. To determine this question a number 
of experiments were carried out, but it was found impossible to destroy 
the passive state, when once established, by any magnetic field which 
we were able to produce with the apparatus available. Nevertheless, a 
distinct influence of the magnetic field upon the transition fqpm the active 



1 This Journal, 30, 1718 (1908). 

4 Z. physik. Chem ., 63, 1 (1908). 

8 Am. J . Sa\, [3] 31, *72 (1886); [3] 34 » 4*9 (*887)- 
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to the passive state was demonstrated in several solutions, the details 
of the work being given below. It should bo noted that not only is the 
transition from the active to the passive state of iron when used as an 
anode produced by a given current density, but that this transition 
point is extremely sharp and well defined. 

Experimental Method . — The apparatus was connected as shown in lug. 1. 
A 20 cc. test tube, containing the electrolyte, was placed between the poles 
of a powerful electromagnet (5825 turns of No. 18 wire; run bv no volts 
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d. c. ; amperage, 3 amp. ; distance between poles 2 cm. ; area of poles 7 sq. cm. ; 
diameter of coil 16 cm.; length of coil 17 cm.). The anode was made by 
sealing into a glass tube, with beeswax, a piece of soft piano wire (diameter 
0.72 mm.) such that only 4 mm. was exposed at the immersed end; the 
cathode consisted of a small strip of platinum foil at the end of a similar 
glass rod. The electrodes were put in series with two U. S. storage cells 
B (giving a constant current of about 5 v.), a rheostat R and a delicate 
Weston milliammeter M reading directly to half milliamperes. A volt- 
meter V, with a telegraph key, was connected across the circuit between 
the two electrodes. When the iron anode was active, the voltmeter 
would indicate but slight differences in potential between the two elec 
trodes, and the milliammeter would show between 10 and 70 milliamperes 
passing through the circuit; when the iron changed to the passive state, 
there was a sharp rise in the voltmeter (to about 4 v.) and a corresponding 
drop in the milliammeter of about 10 milliamperes. 

Experimental Results: Nitric Acid Electrolyte without Magnetic Field . — 
The test tube was filled with a 10 per cent, solution of HN 0 3> The rheostat 
was set at 500 ohms, and electrodes immersed in solution, as in Fig. 1. 
The result of this experiment is best understood by following the curve 
in Fig. 2; the resistance introduced at the rheostat is represented by 
abscissa, the amperage passing through the circuit by ordinates. As 
the resistance was lessened from 500 ohms to 400, 300, and 200, the 
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amperage steadily increased till a point was reached at “A” when on 
removing io more ohms, the current dropped suddenly from 32.5 milliam- 
peres to 20 milliamperes, marking the transition point from active to 
passive state, which is also shown by liberation of oxygen at the anode 
and a bright metallic surface of the iron. 

In a Magnetic Field , — The above experiment was repeated in a magnetic 
held. Looking at the same curve (Fig. 2), the effect is readily seen; 
the transition point has been moved from A at no ohms resistance 
in rheostat, to B at 80 ohms. In other words, without the field, the 
sufficient and necessary strength of current to render the iron anode 
passive was 32.5 milliamperes; within a magnetic field, it would not be- 
come passive until the current had been raised to 40 milliamperes. This 
experiment with nitric acid was repeated many times, all results checking 
satisfactorily. 

The above experiments were again repeated with a 5 per cent, solution 
of nitric acid. Here the effect of the magnet is even more marked (2), 
the transition point coming at C (45 milliamperes) without the field, 
and at D (65 milliamperes) within the field, a difference of 20 milli- 
amperes. When the current through the electromagnet was stopped 
at any point between D and C (or in the former case between B 
and A) the iron immediately changed to the passive state, but once 
in this state the magnet was unable to restore it to the active condition. 
The only ways in which this could be done were bv reducing the current 





754 


GENERA!., PHYSICAL AND INORGANIC. 


strength to a minimum with about 4000 ohms, by breaking the current, 
by bringing the electrodes into contact within the solution. This 
second transition point from passive to active , at about 4000 ohms was 
sharp, but difficult to measure accurately, and all efforts failed to show 
definitely whether it was affected by the magnetic field. 

Results with Other Substances .--Using solutions of sulphuric acid instead 
of nitric acid, the four curves in Fig. 3 were plotted. They are of the 
same general nature as the nitric acid curves and illustrate well the effect 
of the magnet. Figs. 4 and 5 show the effect of the magnetic field on 
potassium nitrate and sodium sulphate solutions, respectively; in neither 
case is it nearly as great as for the active acids, but clearly of the same 
character. Fig. 6 is for phosphoric acid solutions. Here the effect of 
the magnet is greater than for the salts, but not as great as for the active 
acids. Similar experiments were made, using sodium hydroxide, potas- 
sium dichromate, dipotassiutn phosphate and monopotassium phosphate. 
Under all conditions solutions of the first three substances rendered 
the iron passive. In the case of a normal solution of monopotassium 
phosphate, however, by careful manipulation, the transition from active 
to passive iron could be found. However, this electrolyte did not behave 
as any one of the others, seeming to have properties akin to both the two 
opposite classes of electrolytes represented by sodium hydroxide and 
nitric acid, respectively. Although iron could be rendered active* in this 
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solution, it would pass into the passive state within a considerable range 
of current density or by simply a short lapse of time. No effect of the 
magnetic field could be measured with this solution. With a o.i N 
solution, the passive properties were still more marked, so much so, that 
it could not be rendered active even temporarily. This is, of course, 
due to the hydrolysis of the salt. Two facts, which must be noted in 



connection with each of these passivity phenomena are: in no case, 
were any of the results affected in any way by the direction of the current 
through the electiomagnet or by the relative positions of poles and elec- 
trodes; in no case, did the magnet cause a change in the amount of current 
passing through the electrolyte, or in the relative potentials of the two 
electrodes. 

Conclusion . — In solutions of nitric, sulphuric and phosphoric acids, 
also of nitrates and sulphates, the tiansition point of passive iron to active 
iron is a function of current density but the transition is retarded by the 
magnetic field. It is of course recognized that passivity is also a function 
of temperature and concentration, but in these experiments they are 
constants and the only variables are current density and magnetic flux. 

In the article previously referred to, x the writer gave a r6sum£ of 
the various views in regard to passivity and stated that “none of them 
are satisfactory but that when experimental development warrants it 
1 This Journal, 30, 1718 (1908). 
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he confidently expects the cause of passivity to be found to be an altered 
state of the metal itself, being produced by any one of several agents. 1 1 
The above experiments coupled with those of Nichols and Franklin seem 
to show that this altered state may be analogous to that of a number of 
magnets, the negative poles of which are all presented to the electrolyte, 
this orientation being produced by the various agents which cause the 
passive state. This view is not presented as proved but is tentative, 
and may lead to better work in this direction. 

Un i v h RftiTY of Washington 


THE INFLUENCE OF CHLORINE UPON THE DETERMINATION 
OF NITRIC NITROGEN. 

By Robert Stewart and J E Greaves 
Received April 9, 1910 

It is known that chlorine has an appreciable effect upon the determina- 
tion of nitric nitrogen by the phenvldisulphonic acid method. Very 
little information, however, is available as to the amount of chlorine 
which may be present and not affect the reliability of fhe results. In 
connection with the study of the influence of irrigating water upon the 
movement and production of nitric nitrogen in the soil, this question was 
investigated quite thoroughly in this laboratory. 1 The' results are of 
interest to others working along similar lines and also to chemists who are 
working with problems ifi sanitary water supply. 

The chlorine in the soil under consideration was determined as follows: 
An aliquot portion of the extract of the soil, prepared as for the nitric 
nitrogen determination, was titrated against a one-hundredth normal 
silver nitrate solution. The results obtained are given in Table I. The 
results are expressed as parts of chlorine per million parts of soil. 

Table I. — Amount of Chlorine Present in the Soil Extract 


Depth of soil in feet 

No of plot 1 2 3 -4 5 6. 7 8 9 10. 

41 G. 0.849 0.814 0.496 0.923 0.567 0.779 0.744 0.673 0.815 0.496 

42 G 0.886 0.779 0.697 0.838 0.795 0.602 0.567 0.602 0.673 0.496 

43 G o 780 0.425 0.921 0.709 1. 134 o 496 0.922 o 496 o 425 0.425 


These results indicate quite clearly that the chlorine in the soil under 
consideration did not exceed 1.134 parts per million. 

It was then necessary determine whether this amount of chlorine 
would interfere with the determination of nitric nitrogen by the phenyl- 
disulphonic acid method. With this object in view, varying amounts of 
sodium chloride were added to given quantities of the standard potassium 
nitrate solution. The nitric nitrogen was then determined in the usual 
way. The results are very interesting and will be found in Table II. 
The results are expressed as parts per million. 

1 Utah Experiment Station, Bull . xo6, p. 80. 
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Tabus II. — The Effect of Chlorine on the Sensitiveness of the Method. 


Chlorine 

Nitric nitro- 

Nitric nitro- 

Chlorine 

Nitric nitro- 

Nitric nitro- 

added. 

gen present 

gen found. 

added. 

gen present. 

gen found 

0 5278 

O 

I 

O I 

5 278 

0 I 

O I 

1.056 

O. 

I 

0 1 

5 886 

O I 

0.095 

1.584 

O 

1 

0 I 

6 342 

0 I 

0.094 

2.113 

0 

1 

O T 

6.856 

O. I 

O 092 

2.638 

0 

1 

O 095 

7 362 

0 1 

0.092 

3 167 

0 

1 

0 090 

7 917 

0 1 

O 092 

3 694 

0 

1 

O 098 

8 446 

O I 

O 092 

4 224 

0 

1 

0 090 

8 9776 

0 1 

0.090 

4 749 

0 

1 

0 090 

9 496 

0 1 

0 086 


Similar determinations were made until a concentration of thirty 
parts per million of chlorine was reached. No further decrease in the 
amount of nitric nitrogen found was obtained, i. <?., the amount of nitric 
nitrogen found tended to approach a constant value of nine-tenths of the 
amount actually present. 

The results show that chlorine, when present in quantities as low as 
2.638 parts per million, affects the results for nitric nitroge n obtained by 
this method, less nitric nitrogen being found than is really present. 

Chrmtcal Laboratory, Utah Kxpfrimeni Station 

ON A NEW VOLUMETRIC METHOD FOR COBALT AND NICKEL. 

By ('.EOROr S JAMIESON 

Received April 8, 1910 

The well-known application of potassium ferrocyanide to the volumetric 
determination of lead and zinc has led the writer to investigate the ap- 
plication of this method to the determination of cobalt and nickel, and 
conditions have been found under which concordant and accurate results 
may be obtained. As far as can be found by consulting the literature, 
this method has not been previously suggested. 

It is believed that the most important practical application of the 
method will be in the determination of nickel in steel, for it can be carried 
out in the presence of iron, it is rapid and requires no expensive reagents. 
As far as ease and rapidity are concerned, it appears that the cyanide 
method as applied in the presence of iron by C. M. Johnson 1 and also by 
Campbell and Arthur 2 is the only one which can compete with it. The 
writer has found that by combining the modifications of the authors 
just referred to, the cyanide method may be decidedly improved, as will 
be shown by the description and the results which are given beyond. 
The choice between the ferrocyanide and the cyanide methods for nickel 
in steel would depend upon the preference of the operator, but it is to be 
observed that the cyanide method is not applicable to large amounts 

1 This Journal, 39, laoi (1907)* 

3 Ibid., 30, xi 26 (1908). 
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of cobalt on account of a peculiar dark precipitate produced under these 
circumstances during the cyanide titration which interferes with the end 
reaction. 

For the ferrocyanide titration a solution containing 20 grams per liter 
of potassium ferrocyanide is recommended as a suitable strength for 
most work. Then each cubic centimeter will be equivalent to about 
3 milligrams of cobalt or nickel. To standardize this it is best to employ 
a cobalt or nickel solution of known strength prepared either from pure 
salts in known volume, or by gravimetric standardization. Three equal 
portions of this solution containing about 0.1 gram of the metal are taken 
in beakers. Ten cc. of a 10 per cent, solution of ferric chloride and 2 to 3 
grams of citric acid are added to each and then ammonia is added with 
stirring until the solution has a faint odor of the reagent. It is important 
that the excess of ammonia should not be too great, as in this case the 
results will be irregular. The solutions are then diluted to about 100 cc. 
with hot water and are brought to a temperature of 65-75°. The 
ferrocyanide solution is now run in slowly with constantistirring. After 
a few drops of the ferrocyanide have been added, the nickel or cobalt 
ferrocyanide begins to precipitate. As the titration progresses, a drop 
or two of the solution is removed by means of the stirring rod to a par- 
affined white plate and acidified with a drop of dilute acetic add. The 
solution is thoroughly stirred and a second test is made in the same way 
beside the other. This pair of tests is designated as No. 1 and a record 
is made of the volume of ferrocyanide used at this point. The titration 
is carried on in this way until a greenish color is developed in about five 
minutes at a definite point in the series. The most convenient practice 
is to titrate the first portion roughly, and then to get the exact point with 
the other two portions. The important precautions are to avoid more than 
a slight excess of ammonia and to titrate slowly with thorough stirring. 

The actual determinations are made in exactly the same way as the 
standardization just described. The method cannot be applied in the 
presence of such metals as copper, zinc, and manganese which react with 
potassium ferrocyanide. In the case of substances containing a con- 
siderable amount of iron, which must be in the ferric condition, no addition 
of ferric chloride is required. 

The following results were obtained with varying quantities of cobalt 
and nickel solutions: 

The following directions may be followed for the determination of 
nickel in steel: Weigh out 1.0000 gram of borings into a 150 cc. flask, 
add 10-15 cc. of dilute nitric acid (equal volumes of 1.42 sp. gr. acid and 
water). Cover the flask with an inverted crucible cover, and when the 
violent action is over, remove cover and boil gently over a free flame, 
keeping the flask in constant motion and inclined alt about 45°, until the 
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i cc. K 4 Fe(CN) 6 soln. = 

0.002105 gram Co, or 0.001885 Ni. 


Co taken. 

cc. K 4 Fe(CN)e 

Co found. 


No 

Gram. 

used. 

Gram. 

Error. 

I . 

O 0632 

30 I 

0.0633 

4 * 0.0001 

2 

0-0379 

18.0 

0.0379 

±0.0000 

3 - 

O 0379 

18 0 

O.0379 

±0.0000 

4 - 


3 1 , 

0.0065 

±0.0002 

5 - 

O 0442 

21 0 

O 0442 

±0.0000 

6. 

O 0505 

24 0 

O.0505 

±0.0000 

7 - 

O.0537 

25.7 

O.0541 

+0.0004 

8. 


* 3-5 

0.0284 

— 0 0003 

9 - 

O 0144 

4 6 1 

0.0145 

+ 0 0001 

io 


4 6* 

0.0145 

+ 0 0001 


Ni taken 


Ni found 


ii . 


24 5 

O.O462 

±0.0000 

12 . 

0.0770 

40 8 

O.O769 

— 0.0001 

13 - 

0.0770 

40.8 

O 0769 

— 0 0001 

14 

O 0377 

19 8 

O 0373 

— 0 0004 


steel is decomposed. (If a steel is encountered which is not entirely 
dissolved by nitric acid, add a drop or two of strong hydrochloric acid 
or a crystal of potassium chlorate and continue the boiling.) Add io cc. 
of concentrated nitric acid as soon as the steel is in solution, heat to boiling 
again, and add half a gram of solid potassium chlorate. Boil until the 
chlorine is expelled. Add the same quantity of chlorate again and boil 
for about two minutes. Then allow the flask to cool a little and filter 
off the manganese dioxide on a Gooch crucible, washing with as small 
a quantity as possible of cold water. Proceed then according to the 
method already described. It is to be observed that the presence of a 
large amount of iron, as in the case of nickel steel, somewhat retards 
the appearance of the end reaction. It is advisable to standardize the 
ferrocyanide solution in the presence of about the same amount of iron as 
is present in i gram of steel. The following determinations were made 
in the three samples of steel by the method just described. The nickel 
in A was checked by the electrolytic, ether-cyanide, and dimethyl-gly- 


oxime methods. The analyses of samples B and C were completed before 
the results by other methods were known. 

Ni ateel. Per cent Ni by other 

No. 

Grams 

cc. K 4 Fe(CN) 6 . 

nickel. 

methods 

lA 


II -55 

3 63 

365 

2 A 

I. OOOO 

11.50 

3.62 

3 65 

3A 

I. OOOO 

11 .60 

3 M 

3 65 

iB 

I. OOOO 

11 .00 

3 46 

3-47 

2 B 

I. OOOO 

10.90 

3-43 

3-47 

3 B 


11 .10 

3-49 

3-47 

4 B 


II . IO 

3-49 

3-47 

iC 

I. OOOO 

11.20 

3-52 

3 * 5 ° 

2C 


II IO 

3*49 

3-50 

3C 

I. OOOO 

11.20 

3-52 

3-50 


1 Another ferrocyanide solution. 
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Duplicate analyses of nickel in a steel can be made in this way in about 
an hour, and the results show that the method is accurate. 

The following application of the cyanide method to the determination 
of nickel in steel was worked out by the writer before the papers of John- 
son and Campbell and Arthur, which have been previously referred to, 
had been seen. The former investigator used a large amount of citric 
acid, while the latter used a large amount of sodium pyrophosphate. 
The writer uses both of these reagents together, but in much smaller 
quantity. The directions, according to the writer's modification, are as 
follows : 

Take 0.5 gram of borings in a 150 cc. flask, add 10 cc. of 1 : 1 nitric 
acid and dissolve according to the directions given for the ferrocyanide 
method. If the metal contains more than 0.5 per cent, of manganese 4 , 
the writer prefers to remove it according to the directions just referred to. 
Add to the nitric acid solution 2 to 3 grams of citric acid and 2 grams of 
anhydrous sodium pyrophosphate, then add ammonia slowly with stirring 
until the precipitate formed at first just dissolves and the solution acquires 
a very faint odor of ammonia. If too much ammonia has been used, it 
must be nearly neutralized by the careful addition of nitric acid. Dilute 
to about 150 cc. and cool to a temperature below 20^, add a few drops of a 
10 per cent, solution of potassium iodide, and enough tenth-normal silver 
nitrate solution, the volume of which must be noted, to produce a distinct 
turbidity. Then run in potassium cyanide solution very slowly with 
stirring until the turbidity just disappears and the solution lightens to a 
golden yellow color. The solution should remain bright for five minutes, 
otherwise the titration is incomplete. Sometimes it happens that the 
turbidity disappears when only one-third to one-half of the required 
amount of cyanide has been used, but in this case upon the addition of a 
drop or two of silver nitrate, or upon waiting a moment, the turbidity 
reappears. The end-point is best observed when the beaker is placed 
upon a white paper having an elliptical hole in it under which is placed 
a black glazed paper for contrast. In making the calculation the proper 
deduction for the silver nitrate used should be made. 

The potassium cyanide solution should be standardized by means 
of the tenth-normal silver nitrate. To do this take 20 cc. in a beaker, 
dilute to about 150 cc. with cold water, add ammonia until the odor is 
distinct but slight, add a few drops of 10 per cent, potassium iodide solu- 
tion, run in silver nitrate until a distinct turbidity is produced, and then 
finish by slowly adding the cyanide solution until the turbidity just dis- 
appears. The theoretical amount of nickel per 1 cc. of tenth-normal 
solution is 0.002935 gram, but instead of using this value it is perhaps pref- 
erable to standardize the solution with a steel of known content in nickel. 
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The theoretical value was used in the test analyses given below, which 
indicate very satisfactory results for the method. 


No 

Ni steel 
Gram. 

cc. KCN 

Per cent, 
nickel. 

Ni by other 
methods 

iA. . 

. . O 5000 

6.70 

3.70 

3-65 

2A. . 

.... O 5000 

6.62 

3 67 

3 -65 

3A 

... O . 5000 

6.60 

3.66 

365 

iB 

.... O 5000 

6 25 

3 46 

3-47 

2B 

O 5000 

6 26 

348 

3-47 
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Contents. — 1. Historical. 2. Purpose of Investigation and Discussion of Results. 
3. Experimental Part. 

i. Historical. 

That dialkylsulphates (dimethyl- and diethylsulphates) can be used 
in place of the corresponding halides for the alkylation of amines has 
been known for a long time. Dumas and IVligot, 1 in 1835, examined the 
behavior of dimethylsulphate towards ammonia and observed the forma- 
tion of methvlalcohol and methylammonium sulphate (Sulfomethylan). 
Strecker 2 repeated this experiment and also investigated the action of 
diethylsulphate on ammonia. He found that the reactions were not 
as simple as assumed by Dumas and Peligot and obtained, with diethyl- 
sulphate, the ammonium salt of an acid, C 16 H 23 N0 4 .4S0 3 -f NH, (athyl- 
aminschwefelsaure Ammoniak), from which he prepared ethylamine 
by decomposition with alkali. 

Babo 3 examined the action of dimethylsulphate (Schwefelsaures Methyl- 
oxyd) on aniline and showed that it alkylated smoothly giving mono- 
methylaniline. He also observed that quinoline and nicotine reacted 
with this reagent and diethylsulphate giving crystalline addition products 
(quaternary compounds?). 

The study of the action of these sulphates on amines received no further 
attention, apparently, until 1880 when a paper by Claesson and Lundvall 4 
appeared, in which they describe their behavior towards ammonia and 
several aliphatic and aromatic bases. They repeated the work of Strecker 
and observed that diethylsulphate reacted with ammonia giving not only 

1 Ann. ckim. pkys ., 58, 32. 

* Ann., 75, 46. 

• J. pr. Chem., [1] 72, 84 (1857); Chem. Centr ., 218 (1858). 

4 Ber., 13, 1700. 
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ethylamine, but also the quaternary salt (C 2 H 5 ) 4 N.S0 4 C2H 8 . Quater- 
nary salts were also obtained by alkylation of diethylamine, dimethyl- 
aniline and tribenzylamine with dimethylsulphate. They write: “Die 
Reaktion zwischen Ammoniak und Methylsulfat ist somit eine rein 
additionelle. Sie verlauft nach folgender Gleichung: 

CH 3 OS 0 2 OCH 3 + NH S - CH s 0 S 0 2 0 NH 3 .CH 8 .” 

The usefulness of dimethylsulphate as an alkylating agent for amines 
was later greatly enhanced by the work of Ullmann and his co-workers. 1 
They showed that it not only reacted smoothly with organic bases (in 
ether, chloroform and benzene), but also that it can be employed success- 
fully for the alkylation of cyclic amines, viz . : quinolines, aminonaphth- 
acridines, phenylacridines, diaminoacridines and aminophenazines. They 
write: 2 “Die Re suite iibersehen lasscn, dass Dimethylsulfat in alien 
Fallen das Iodmethyl ersetzen kann, aber moistens noch bedeutend 
rascher und besser als dieses reagirt.” Ullmann's 3 interpretation of the 
reactions between amines and dimethylsulphate is summarized in his 
own words — “Dieselbe verlauft namlich nicht, wie Claesson und Lund vail 
augegeben, — Tis entsteht also das methylschwefelsaure primate Amin 
und die entsprechende secundare Base.” 

(CH 3 ) 2 S 0 4 + 2RNH 3 - RNH 2 .H.CH 8 S 0 4 '+ RNHCH 3 . 

Decker and his students 4 have used the alkylsulphates for the prepara- 
tion of quaternary derivatives of cyclic bases. For example, they were 
unable to obtain quaternary compounds of several quinolines by addition 
of methyliodide, while, on the other hand, dimethylsulphate reacted 
quantitatively giving the corresponding quaternary alkyl sulphates. 
Methyldiphenylamine reacted smoothly with dimethylsulphate at 140- 
150° giving the quaternary compound (C 6 H 6 ) 2 (CH 8 ) 2 NS 0 4 CH 3 5 while no 
addition took place with methyliodide under the same conditions. 

The action of dimethylsulphate on the glyoxaline ring was studied 
by Pinner. 6 He examined its behavior towards diphenylglyoxaline 
I, and triphenylglyoxaline (Lophine) II, but did not observe the forma- 
tion of nitrogen methyl derivatives. Lophine reacted abnormally with 
the sulphate giving a characteristic double compound, C 21 H w N 2 .(CH 8 ) 2 S 0 4 . 
2H 3 0, having the properties of a salt. Pinner remarks that the sulphate 
acts in this case as a weak add and that the compound has not the possible 
structure of a quaternary compound III (Methylschwefelsaures Methyl- 

1 Ullmann and Naef, Ber., 33, 2470 (1900); Ullmann and Wenner, Ibid., 33, 2476; 
Ullmann and Marte, Ibid., 34, 4307 (1901); Ullmann, Ann., 327, 104 (1903). 

* Ullmann and Wenner, Loc. cit. 

* Ann., 327, 107. 

4 Ber., 36, 261 (1903); 38, 1147, 2493; Decker and Schenck, Ibid., 39, 748; Schmid 
and Decker, Ibid., 39, 933 (1906). 

* Gadomska and Decker, Ber., 36, 2487 (1903). 

* Ber., 35, 4141 (1902). 
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lophin). He writes: “Es ist nicht ohne Interesse, das Verhalten von Mettayl- 
sulfat anderen Basen gegeniiber zu untersuchen.” 


C„H,C.NH. 

' I! J.CH 
C„H,C . W' 


CJIr.C NH^ 
C 6 H.,C . 


CC„H r , 


CH, OSO.OCH, 

\/ 


c«h 5 c-nh 

II 

C h H r ,C - N 


\r 


✓ 


cc„H 5 


1 . 


II. 


III. 


Bamberger 1 employed ditnethylsulphate for the preparation of 0 - 
monomethyl- and o-dimethylaminobenzaldehydes from o-aminobenzaT 
dehyde and also later for the alkylation of mesidine to monomethyl- 
and dimethylrnesidines.’ This reagent has also been used successfully 
for the alkylation of amino compounds by Johnston, 3 Baeyer, 1 Willstatter 
and Kahn, r> Weil, 6 Smith, 7 Burmann, 8 Frohlich, 9 and Houben and Brassert. 10 

In no case, so far as the writer is aware, has it been observed that an 
amine can react with dimethylsulphate, in a similar manner as with an 
aliphatic ester, giving an amide of sulphuric acid. It is interesting to 
note in this connection that recent attempts by Ephraim and Cure witch 11 
to prepare sulf amide S0 2 (NH 2 ) 2 from dimethylsulphate by action of 
ammonia, in alcohol solution and in liquid form, were unsuccessful. 
They reacted, under both conditions, with formation of methylamine 
according to the following equation: 

vS0 2 (0CIl 3 ) 3 4 2 NH 3 - CHgOSCXjONHi 4 NHCII 3 . 


2. Purpose of Investigation and Discussion of Results. 

The work described in this paper was undertaken with the object of 
determining the behavior of dimethylsulphate towards some aromatic 
/9-amines. 

Any methods, by which the nitrogen alkyl derivatives of phenylethyl- 
amine IV, or />-hydroxyphcnylethylamine V, can be obtained easily are 
of value, on account of the interest, at the present time, of compounds 

I Ber., 37, 966 (1904). 

* Bamberger and Rudolf, Ibid., 39, 4285 (1906). 

8 Proc. Chem. Soc., 21, 156; CJiem. Centr., 1905, II, 44; Proc . Roy. Soc. (I.ondon), 
78 , 82; Chem. Centr., 1906, II, 1006. 

4 Ann., 354, 152. 

* Ber., 37, 408 (1904). 

0 Monatsh ., 29, 875. 

7 J. Chem. Soc 89, 1505 (1906). 

8 Bull. soc. chim ., [3] 35, 801 (1906). 

9 Ber., 42, 1561 (1909). For further works on alkylation of amines with alkyl- 
sulphates see: D. R. P, 797°3 (1895)- D. R* P. 102634. Chem. Centr., 1899, II, 408 
(Merck). D. R. P. 131758. Ibid., 1902, I, 1385. D. R. P. 134176. Ibid., 1902, 
II, 775 (Farbenfabriken vorm. Friedr. Bayer & Co.); Berger, Diss. Leipzig 
(1904); Feuerlein, Diss. Zurich (1907). 

*• Ber., 43, 206. 

II Ibid., 43, 139 



764 


ORGANIC AND BIOLOGICAL. 


of this character to pharmacologists. Of all the nitrogen alkyl derivatives 
of phenylethylamine, dime thy lphenylethylamine, VII, is probably the 
the most interesting because of its close structural relationship to the 
naturally occurring alkaloid hordemne, VIII (dimethyl-/>-hydroxyphenyl- 
ethylamine). It seemed desirable therefore, to the writer, to determine 
whether this base, VII, can be synthesized by direct alkylation of phenyl- 
ethylamine. Previous attempts to prepare it by alkylation of the latter 
with methyliodide have been unsuccessful. 

Johnson and Guest 1 showed in a paper from this laboratory that methyl- 
iodide reacts with phenylethylamine giving the hydriodide of the unaltered 
base and the quaternary derivative — trimethyl-phcnylethylammonium- 
iodide. No matter what proportion of the methyliodide was used, they 
obtained no evidence of the formation of tnonomethyl- or dimethyl- 
phenylethylamines, VI and VII. This observation was later confirmed 
by Barger. 2 

OH 

0 '■ 
CH„CH 2 NH r CH,CHjNH a 

TV. V. 




CH t CII a NHCH,. 

VI. 



C H a CH 2 N ( C H s ) s . 
VII. 


OH 

: 2 n(Ch s )». 

viii. 



We now find that this base, VII, can be prepared from phenylethylamine 
by alkylation with dimethylsulphate. Several negative experiments, 
however, were performed before we finally succeeded in obtaining con- 
ditions favorable for its formation. All attempts to alkylate in aqueous 
solution, in the presence of alkali, were unsuccessful. The action of 
dimethylsulphate, in ether, was also investigated, but the results were 
similar to those obtained in our alkylation experiments with methyliodide. 
The products of the reaction were the phenylethylamine salt of methyl- 
sulphuric acid and a hydroscopic salt having the properties of a quaternary 
derivative. Conversion into the tertiary base was finally accomplished 
by alkylation, in methyl alcohol, in the presence of sodium methylate. 
In this manner a good yield of the base was obtained, which boiled at 
200-204 0 at ordinary pressure. 

This same amine (b. 198-202°) has also recently been prepared by 
Barger 8 by heating phenylethylchloride with dimethylamine, but so little 

1 Am. Chem . 42, 340. 

* J. Chem . Soc. (London), 95, 2194. 

* Loc. cit. 
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material was obtained by him that it was not analyzed nor well char- 
acterized. . Since he showed that the base gives, by nitration at — io°, 
a good yield of the paranitro derivative IX (60 per cent.), which can be 
converted into a base identical with hordenine, our synthesis of the amine 
VII therefore offers a method of preparing hordenine directly from phenyl- 
ethylamine. 

C*H 6 CH 2 CH 2 NH 2 — > C f H„CH^CH f N (CH -,) 2 — > 

NO,C fl H 4 CH a CH 2 N(CH J ) 2 — ► HOC fi H 5 CH,CH 2 N (CH^j 
IX. 

The interesting beha\ior of phenylethylamine towards dime thy lsulphate 
led us to examine also the action of this reagent on />-nitrophenylethyl- 
amine . 1 To our surprise, this base underwent no alkylation, in methyl 
alcohol, in the presence* of sodium methylate and practically 90 per cent, 
of the amine used was recovered unaltered. It was identified by its 
hydrochloride, and on reduction was converted smoothly into p- amino- 
phenylethylamine . 2 

This difference between phenylethylamine and />-nitrophenylethylaminc, 
in their behavior towards dimethylsulphate, is probably due to the fact 
that one is a much stronger base than the other. Phenylethylamine, 
being the most basic, adds dimethylsulphate at once, and undergoes 
alkylation before the sulphate is decomposed bv the sodium methylate. 
On the other hand, p -nitrophenylethylamine, which is the weaker base 
on account of the negative influence of the p- nitro group, has a much less 
tendency to add the sulphate, under the conditions of the experiment; 
consequently the latter is completely decomposed by the sodium methylate 
and the amine is recovered unaltered. Dimethyl sulphate would be 
expected to react readily with sodium methylate, in a similar manner as 
with methyliodide, giving dimethyl ether and the sodium salt of methyl- 
sulphuric acid or sodium sulphate, 

CH 3 0S0 2 0CH 3 4 - NaOCH, - ClI 3 0S0 2 0Na 4- (CH 3 ),.0, 
or 

CH 3 0S0 3 0CH, -4 2 NaOCH 3 - Na 2 S0 4 4- 2 (CH 3 ) 2 Q. 

Tliat our assumption is correct is supported by the fact that the odor of 
dimethyl ether was apparent during the reaction, and also by a previous 
observation of Nef . 3 He showed, for example, that dimethylsulphate 
is decomposed practically quantitatively when dissolved in a cold methyl 
alcohol solution of potassium hydroxide, givingdimethyl ether and potas- 
sium sulphate. 

Attempts to prepare secondary and tertiary amines from p- nitro- 
phenylethylamine by alkylation with methyliodide were also unsuccessful. 

1 Johnson and Guest, Am . Chem. 43. 

* Johnson and Guest, Loc . cit. 

* Ann., 309, 186 (1899). 
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They reacted at ioo°, in methyl alcohol, giving the hydriodide of the 
unaltered base and trimethyl-p-nitrophenylethylammonium iodide . 

The writers 1 have shown that acetyl-/>-nitrophenylethylamine can be 
obtained in good yield by nitration of acetylphenylethylamine. We now 
find that the corresponding methyl derivative of this nitro amide, XI, 
can be prepared, in a similar manner, by nitration of acetylmethylphenyl- 
ethylamine, X. It was converted quantitatively into the unknown />- 
nitrophenylethylmethylamine, XII, by hydrolysis with acids. 


C 0 H a CH 2 CH 2 NH 2 — C e H,CH 2 CH,NHCH 3 — >- 

C 6 H 6 CH 2 CH 3 N(CH,)COCH3 — > NOAH 4 CH 2 CH 2 N(CH,)COCH, — ► 
X. XI. 


3. Experimental Part. 


no 2 c 0 h 4 ch 3 ch 2 nhch,. 

XII. 


Action of Dimethylsulphate on Phenylethylamine in Ether. — Five grams 
of the amine were dissolved in ether and 20 grams of the sulphate (8 mols.) 
added slowly to the solution. There was an immediate faction with 
evolution of heat and about 10 grams of a colorless crystalline 'salt sepa- 
rated. After allowing to stand for an hour, this was filtered off and the 
ether filtrate allowed to evaporate. We obtained an oil (mostly unaltered 
dimethylsulphate) to which was added an excess of alkali and then sub- 
jected to steam distillation. No bases were carried over by the steam. 
A portion of the material, insoluble in ether, was purified by dissolving 
in alcohol and then precipitating by dilution with ether. Glistening 
plates separated and melted at 75-77° to an oil. A nitrogen determina- 
tion indicated that the substance was the phenylethylammonium salt of 
methylsulphuric acid , C 6 H 6 CH 2 CH 2 NH 3 .S 0 4 CH 3 . 

Calculated for C,,H lft 0 4 NS: N, 6.0; found: N, 5.55. 

The remainder of the salt was shaken with an excess of ether and in 
presence of a strong aqueous solution of sodium hydroxide. A crystalline 
product remained undissolved by this treatment. It was soluble in cold 
water and alcohol and could be warmed in sodium hydroxide solution 
without decomposition. The compound was very hydroscopic, contained 
sulphur and decomposed from 100-110° with effervescence. Its chemical 
behavior indicated that it was a quaternary salt. 

Phenylisothiocyauate was added to the ether solution above and the 
ether allowed to evaporate in the air. Beautiful prisms of i-phenyl-2- 
phenylethylthiourea finally separated and melted, after one crystallization 
from alcohol, at 106 °. A mixture of this compound and some of the pure 
thiourea prepared from phenylethylamine melted at the same temperature. 

Dimethylphenylethylamine, C fl H 5 CH 2 CH 2 N (CH s ) a . — Eight and four- 
tenths grams of metallic sodium (3 at.) were dissolved in 135 cc. of methyl 
1 Loc. cit. 
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alcohol and 14.5 grams of phenylethylamine added to the solution. Kahl- 
baum’s dimethvlsulphate (46 grams) was then added, in small portions, 
when there was a violent reaction with evolution of heat and separation 
of a gelatinous salt. After the final addition of dimethvlsulphate, 50 cc. 
of methyl alcohol were added and the mixture heated on the steam bath 
for about 5 hours. It was then acidified with hydrochloric acid and 
evaporated to dryness to remove the excess of alcohol and acid. In 
order to separate the base, the hydrochloride was decomposed with an 
excess of sodium hydroxide and the bases distilled with steam and dis- 
solved in hydrochloric acid. On evaporating to dryness a hydroscopic 
salt was obtained, which was dissolved in 75-100 cc. of cold water and 
treated with an excess of potassium nitrite, for about 10 minutes, to 
remove any primary and secondary amines. An excess of alkali was then 
added and the tertiary amine extracted with ether and dried' over potas- 
sium hydroxide. It is a strong base which absorbs carbon dioxide from 
the air and boils at 200-205 0 at ordinary pressure. The yield was good. 

Calculated for C J0 H 16 N: N, 9.40; found: N, 9 38. 

Platinum Salt . — Crystallizes from water in hexagonal tables which 
decompose at 221 °. A mixture of this salt and the corresponding salt 
of methylphenylethylamine 1 (m. 212 0 ) melted below 207°. 

Hydrochloride , C„H 5 CH 2 CH 2 N(CH 3 ) r fICl.— This salt was prepared by 
dissolving the bast* in dilute hydrochloric acid and then allowing the 
solution to evaporate in a vacuum over potassium hydroxide. The 
salt separated under these conditions in colorless plates, which melted 
at 205 0 to an oil. It decomposed with effervescence when heated above 
270°. 

Acctylmethylphenylcth ylamme , C 6 II 5 CH 2 CH 2 N (CH 3 )COCH 3 . — This amide 
was prepared by carefully adding 15 grams of freshly distilled thioacetic 
acid to 19 grams of methylphenylethylamine 1 and then heating at 210° 
for 1-2 hours to complete the reaction. The amide was a dark-colored 
oil, which did not solidify after standing at ordinary temperature for 
^gveral hours. It was used for the following preparation without further 
purification. 

Acetylmethyl - p - nitro phenylethylamine , (/>) NO 2 C 0 H 4 CH 2 CII 2 N(CH,) 

COCII3. — This compound was prepared by dissolving 25 grams of 
acetylmethylphenylethylamine in 85 cc. of nitric acid (sp. gr. 1.51). 
The temperature was not allowed to rise above 5 0 during the nitration. 
After allowing to stand for a few minutes the solution was then diluted 
with ice water and the nitric acid neutralized with ammonia when the 
amide separated as an oil. This was extracted with ether and the ether 
solution allowed to evaporate spontaneously when the amide finally 
1 Johnson and Guest, Loc. cit. 
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solidified. More separated from the aqueous filtrate on standing. The 
crude substance melted at 90-94°. 

The amide is very soluble in ethyl acetate, ethyl alcohol, chloroform 
and benzene. It was purified for analysis by several recrystallizations 
from ethyl acetate and a mixture of petroleum ether and benzene. It 
melted at ioo-ioi 0 to a clear oil without effervescence (Kjeldahl): 

Calculated for C n H 14 0 3 N 2 : N, 12.6; found: N, 12.10. 

Oxidation of Acetylmethyl-p-mtrophenylethylamine with Potassium Di- 
chromate . — About 0.9 grain of this amide and 3.2 grams of potassium 
dichromate were dissolved in 6.5 cc. of concentrated sulphuric acid and 
the solution heated at 6o° for about 10-12 hours. A crystalline acid 
was obtained, which crystallized from hot water in prismatic crystals, 
and melted, after purification, at 234°. It was identified as paranitro- 
benzoic acid. A mixture of our acid and paranitrobenzoic acid melted 
at the same temperature. 

Methyl-p-nitrophcnylethylamine , (p) N O 2 C 0 H t CH 2 CH 2 NH (CH 3 ) , — This 

amine was obtained, in the form of its hydrobromide, when the /above 
acetyl derivative was digested with hydrobromic acid. The base sepa- 
rated as a heavy, yellow oil when sodium hydroxide was added to an 
aqueous solution of the hydrobromide. 

i-Phenyl - 2,2 - methyl - p - nitrophenylethylthiourea, (p) NO 2 C 0 1I 4 CH 2 
CH 2 N(CH 8 )CSNHC 0 H 6 . — This thiourea was prepared by the action 
of phenyliso thiocyanate on the above methyl-p-nitrophenylethyl- 
amine. It crystallizes from 95 per cent, alcohol in plates, which melt 
at 137-138°. A mixture of this thiourea and r -phenyl-2 -paranitrophenyl- 
ethylthiourea 1 melted at 109-115° (Kjeldahl): 

Calculated for C 1( H n O a N g S: N, 13.3; found N, 12.8. 

Action of Dimethylsulphate on Paranitrophenylethylamine , 

NO 2 C 0 H 4 CH 2 CH 2 NH 2 . — Nine and two-tenths grams of the hydrochloride 
of p-nitrophenyle thylamine 1 were dissolved in 50 cc. of methyl alcohol 
containing 3.7 grams of sodium. Fourteen and three-tenths grams of 
dimethylsulphate, boiling at 104-110° at 28-30 mm., were then add^l 
slowly to the cooled solution by means of a dropping funnel. There was 
an immediate reaction with evolution of much heat. After the addition 
of dimethylsulphate the mixture was heated to boiling, allowed to stand 
for 2.5 hours, acidified with an excess of hydrochloric acid and finally 
concentrated on the steam bath. An excess of alkali then added 
when unaltered p-nitrophenyle thylamine separated. Thmh^ts extracted 
with ether and dried over potassium carbonate. The yieldrwas 6.0 grams. 
A theoretical yield of unaltered />-nitrophenyle thylamine would be 7.0 
grams. The hydrochloride melted at 213-214 0 . 1 

Reduction of the Nitrophenylethylamine to Paraaminophenylethylamine, 1 
1 Johnson and Guest, Loc, cit. 
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their studies. The first tcy^ compared with the reading of the neutral 
observed during this res*' 

macist of the eightee;,^ Various Acid Solutions . — The measurements 
history of chemical * e made in the manner described in the preceding 
with the theor^ iues are recorded in Table II. 


Th^orique ^tivity of Purified Invertase in Solutions of Various Acids. 

it is the 1r Acidity of invertase in the acids named. 
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In Fig. i the curves for the five strong acids — hydrochloric, hydro- 
bromic, nitric, sulphuric, and phosphoric — fall so closely together that 
one unbroken line is shown for them all. The enzyme begins to be de- 
stroyed by these mineral acids at a concentration of about o.oi normal 
and the measurements of the activity were not made above this limit. 
The falling of the curve (Fig. i) with increasing acidity shows a char- 
acteristic progression in the order, strong mineral acids, oxalic, tartaric, 
citric, acetic, and boric, which is also the order of the strengths of these 
1 Destruction of enzyme occurs. 
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acids. If the ionization of the acids is ta? us ^ tr ate on standing. The 
activity plotted against the actual hydrogen -ic 

weaker acids all give curves agreeing closely ^hyl alcohol, chloroform 
mineral acids. The enzymotic activity is thus j5* e Tal recrystallizations 
the hydrogen-ion concentration. The theoretical intend benzene. It 
characteristic relation between the activity and the true ae (Kjeldahl): 
postponed until further investigations have been made. 

The Destruction of Inver la sc by Acids and Alkalis at 30° C . — -The , VI ^ 
tion of invertase by acids and alkalis at 30 0 was measured by rnix*^ 
portion of well dialyzed invertase solution with the appropriate acia . 
alkaline solution, removing portions of this mixture after definite intervals' 
of time and measuring their ac tivities after bringing them to a uniform 
condition of slight acidity with acetic acid in order to find the maximum 
activity which is a measure of the quantity of invertase in the solution. 
If the activities of the successively removed samples showed a decrease 
it was concluded that the invertase was being destroyed by the acid or 
alkaline solution. The following typical experiment shows that the rate 
of this destruction follows the formula for unimolcculai reactions, namely, 

1 ft log A/ A — x = k 2t where A is the activity of the invertase at the- begin- 
ning of the destruction, x is the activity after the destruction has proceeded 
for t minutes, and k 2 is a constant, the velocity coefficient. The concen- 
tration of acid in this experiment was 0.02 normal hydrochloric. 


Table III.— The Unimolecular Order of the Destruction of Invertase. 
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In Table IV the rate of destruction, that is, the velocity coefficient k 2 
multiplied by 1000, is recorded for various strengths of hydrochloric 
acid and sodium hydroxide solutions at 30°, the results are also shown 
in Fig. 2. 

Table IV. — Rate of Destruction of Invertase at 30 0 by Acid and Alkali. 

Rate of destruc- Kate of destruc- 

Concentration tion of inveitase Concentration. tion of invertase 

(Gram molecules per liter.) (k» 1000) (Gram molecules per litt r ) icoo) 


Normal hydrochloric acid: 
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96 

Distilled water 

Normal sodium hydroxide: 
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0 04 
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Summary. 


Acids and alkalis are 

found to 

affect the purified enzyme 

invertase 


I 
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their studies. The first to-fi (rations they influence its activity but do 
observed during this re^/it, in larger concentrations they accomplish 
macist of the eightee: instruction by acid at 30° reaches a barely noticeable 
history of chemicak acidity and increases rapidly with the acidity until 
with the thejrst instantaneous at 0.05 normal. The rate of destruction 
Th6orique f- Jrmula for unimolecular reactions. The alkaline destruction 
it is the Ktle below 0.01 normal and is almost instantaneous at 0.045 
ormjr ’ The rates of destruction are shown in Fig. 2. 

tfiv 



Fig. 2. — Tlie rate of destruction of invertase at 30° C. by acid and alkali. 

The activity of invertase in acid solutions which are not strong enough 
to destroy the enzyme was measured for hydrochloric, hydrobromic, 
nitric, phosphoric, sulphuric, boric, oxalic, tartaric, citric, and acetic 
acids; the activity depends almost entirely on the concentration of hy- 
drogen ions in the acid solution and the various acids thus show typical 
differences which correspond with their recognized degrees of disso cia tion. 
The activity of invertase is zero in alkaline solutions, rises to a maximum 
in very weakly acid ones, and decreases with stronger acidity 


FEHLING’S SOLUTION. 

A CONTRIBUTION TO THE HISTORY OF CHEMICAL REAGENTS. 

By B Herstein. 

' Received March n, 1910. 

A history of chemical reagents would form no small and not the least 
interesting part of the history of chemistry generally, and for obvious 
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reasons. In studying the intramolecular ^us filtrate on standing. The 
follows strictly inductive methods, taking h 

of direct observation, and while for the purpothyl alcohol, chloroform 
compelled to classify such results into some corneal recrystallizations 
sistent system arrived at by logical induction, such hypt^ benzene It 
tions are not permitted to influence the direct results of ti** (KjeJdahl) * 

Intramolecular changes of matter however are not alw*^ 
observable, and to bring them into a condition where our ^ . 

would be able to grasp them, we must in the majority of cases resdc ~ 
what may be described as secondary reactions induced by foreign s® 
stances, the so-called chemical reagents. Our proce.sses of differentiation, 
upon which chemistry in general and analytical chemistry especially 
ultimately rest, are based upon the behavior of the various forms of matter 
towards different chemical reagents, and it follows from this that the prog- 
ress of chemistry to a very large degree depends upon the introduction 
of such chemical reagents and an intimate knowledge of their working. 

Thus to quote but one modern instance it is only necessary to point 
to the fact that the wonderful insight which we have gained within the 
last generation into the nature of sugars and carbohydrates generally 
is due almost exclusively to the introduction of phenylliydrazine as a 
chemical reagent. Previous to this our knowledge of this group of sub- 
stances was very limited indeed, and of the few reactions characteristic 
for this group of substances none was better known than their behavior 
towards a solution of copper salts. The reaction upon which the value 
of this reagent in all its various modifications depends is, as is well known, 
based upon the reducing effect which certain sugars exert upon such 
solution, and although analytical chemistry has only within comparatively 
recent years made use of this reaction, its history runs nevertheless far 
back into the primitive period of human knowledge. 

It undoubtedly must first have been observed by the man who in- 
troduced the so-called unguentum sEgypiiacum -Egyptian ointment — 
into materia medica, and this probably was none other than an Egyptian 
priest, if we may draw such conclusions from the name. This unguentum 
sEgyptiacum , which has long since disappeared from all the modern pharma- 
copoeias, but which for long ages was considered a very valuable medicine, 
forming the basis of various ointments and cosmetical preparations, was 
prepared by boiling together a mixture of verdigris and honey to which 
a few drops of vinegar were added. During the boiling the color of the 
mass changes considerably owing to the interaction between the glucose 
and the copper acetate, a change of color so striking that it could not 
have escaped notice. Nevertheless it has never occurred to any of these 
pharmacists, who in those days were the principal guardians of whatever 
chemistry there was, to make these changes the independent object of 
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their studies, quantitative ' attempt an explanation of the phenomena 
observed during a ^ e to J^tion was Antoine Baum£, a celebrated phar- 
macist of the eigM m . da century, who wrote his name indelibly into the 
history of chemici 1 ? technology by the device of his spindle. In accordance 
with the theyy then prevailing he said in his “Traitd de Pharmacie 
Th£orique ^Pratique," that in boiling honey with verdigris and vinegar 
it is the phlogiston of the acetic acid which, uniting with the verdigris, 
orms metallic copper, which is deposited. For almost one-half a century 
this explanation was accepted as satisfactory. During this time, however, 
fie phlogiston theory had been entirely overthrown by Lavoisier, and a 
period of reconstruction had set in, which may be best described by 
Hegel's phrase “the re-evaluation of all values." Speculative deductions 
gave place to experimental research, and the balance was made the chief 
arbiter of the laboratory. A thorough overhauling of all chemical knowl- 
edge was undertaken, and in course of time the phenomena observed 
during the reaction in question were also subjected to renewed scrutiny. 

In January, 1815, Dr. Vogel, of Paris, read before the French Academy 
of Science a paper entitled “A Research Concerning the Decomposition 
of vSalts and Metallic Oxides by Sugars." 1 As indicated by the title, 
the principal object sought in this investigation was an insight into the 
mechanism of the reaction, while the products formed during the reaction 
were studied as closely as the means then permitted, both qualitatively and 
quantitatively, but only with a view of obtaining light upon the reaction 
itself. Vogel was able to show that the reddish or brown precipitate which 
formed on boiling copper acetate with honey and several other sugars 
then known was not metallic copper, but cuprous oxide, or as it was then 
called, copper protoxide, that the color of the precipitate depended very 
much on the length of time the mixture was heated, and that the precipita- 
tion is obtained only from cane, starch and grape sugar, sugar of milk, 
also from molasses, manna, and honey, but not from the so-called sweet 
principle of Scheele. 2 Vogel also observed the evolution of carbonic 
acid gas and acetic acid, which, however, he attributed to the high tem- 
perature to which the mixture had been subjected. Using copper sul- 
phate instead of the acetate he claims to have precipitated metallic 
copper while copper chloride and copper nitrate, which were likewise 
tried, seemed not to be influenced at all. Similar observations made 
almost simultaneously with the preceding were given by J. A. Buchner, 
Professor of Chemistry in Munich, and published in the succeeding number 
of the same periodical. 3 On the whole he merely confirmed the result 

1 Abstracted in Schweigger 1 s Journal , 1815, Vol. XIII, page 162. 

* By this name glycerol, discovered in 1779 by Schaele, was known until well up 
into the first part of the 19th century. 

• Schweigger 9 s Journal , 1815, Vol. XIV, p. 224. 
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obtained by Vogel with this exception, that' 0 ! 18 ®* rate on standing. The 
red precipitate to consist of cuprous oxide, Bu 

the reaction the sugar is split up and that one of alcohol, chloroform 
combines with the copper to form the precipitate. ra ^ ^crystallizations 

From time to time other chemists were attracted by the^ benzene. It 
Their work, however, did not materially broaden the problen (Kjeldahl): 
tnained one more of theoretical than practical value until the \ 
when Trommer published his paper, “The Differentiation between iJexi Di- 
Cane and Grape Sugar.”-’ Here the subject was approached from an 
tirely different and more practical point of view. Trommer was able to 
.show that in making the copper salt solution alkaline, it became a valuable 
reagent for the differentiation between the various sugars and sugar 
giving substances. He used an alkaline solution of copper sulphate, 
and showed that such a solution will yet give a distinctive precipitate of 
cuprous oxide when boiled with solutions of grape sugar containing only 
one part in one hundred thousand, and that when the solution of the grape 
sugar is ten times more dilute, i. e., containing one part to one million, 
the reaction is yet noticeable in reflected light. 'The fact that the reaction 
takes place only in the presence of certain sugars such as glucose, for 
instance, while cane sugar or dextrin are not acted upon, was fully noticed 
and made the basis of the differentiation between the different sugars. 
To Trommer thus belongs the credit of having first introduced the alkaline 
copper sulphate solution into analytical chemistry, though it was at first 
used only for qualitative purposes. But the next step was not long in 
coming, and within a very short time the very same reagent was recom- 
mended for use in quantitative chemical analysis. 

The estimation of sugars in those days was far from being satisfactory to 
the chemist engaged in this line of work, depending entirely on two methods. 
First, the fermentation process devised by Lavoisier and others, and 
second, the process introduced by Biot, which was based on the deflection 
of polarized light by sugar solutions. Both methods have their disadvan- 
tages, the first requiring considerable time for its completion, quite aside 
from the fact that the decomposition into alcohol and carbonic acid gas is 
by no means quantitative, by-products being formed which interfere with 
the accuracy of the results. The polariscope gives quick and fairly accurate 
results; requires however clear and colorless solutions containing no 
foreign substances which would deflect the polarized ray. The necessity 
for an improved method of estimating sugars became so imperious that 
in 1838 a prize of 3000 francs was offered by the “Soci6t6 d 'encouragement 
pour Tindustrie nationale” to the chemist who would devise a successful 

1 Buchholtz, Peschier, Busch, see Annalen der Chem. mid Pharm 1832, Vol. IV> 

P* 57- 

a Annalen der Chem. und Pharm . , 1841, Vol. XXXIX, page 360, 
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their studies, luantitative estimation of sugar. Of the answers received 
observed during a ^ e to foe committee, and the offer was renewed from 
macist of the eig^ m , 1/844 Ch. Barreswil submitted his solution. 1 The 
history of chemicd llni ^ tec > the well-known Peligot, did not consider the 
with the thepr? satisfactory, but he nevertheless recommended that 
Th6orique /^he prize, viz . , 1000 francs, be awarded to Barreswil for his 
it is the which, in his opinion, 1 though limited in its application, never- 
orm? 6 offered a valuable improvement on the existing methods. Bar- 
tfv^Vil’s proposal consisted merely in the extension of the method sug- 
gested bv Trommer for qualitative differentiation to the quantitative 
estimation of sugars. The main principle of Trommer’s suggestion, i. e. y 
the use of the alkaline copper sulphate solution, was maintained, and the 
improvement introduced consisted in the addition of a solution of potas- 
sium 1 art rate to prevent the decomposition of the solution on heating. 
As proposed by Barreswil, the method was a volumetric one, the copper 
solution being standardized against a pure grape sugar solution of known 
strength, which latter was added drop by drop to the boiling copper solu- 
tion, the end point of the reaction being reached when the blue color of 
the solution had disappeared. He also points to the necessity of inverting 
the cane sugar to glucose, and making two determinations, before and 
after inversion, where mixtures of the sugars are to be analyzed. 

The principle of the method was thus established, and its practicability 
depended very largely upon the stability of the copper solution, which 
was not very satisfactory. The further efforts of the chemists who 
studied the subject weie therefore directed mainly in this direction, 
although the use of the method was fully recognized and extended, as by 
H. Schwartz, 2 who in 1849 proposed it for the estimation of starch, which 
had previously to be hydrolyzed bv dilute sulphuric acid to glucose. 
H. Fehling, by whose name the nut hod is apparently destined to remain 
known in chemistry, published his first paper concerning the .subject in 
1848 in a medical publication, and only in 1849 he gave a more detailed 
account of his work to the chemical fraternity. 3 Fchling’s merit con- 
sisted chiefly in having worked out with great care the details of the method, 
giving some account of the stoichiometrieal equivalents, but neither did 
his solution keep for any length of time, nor did he, any more than his 
predecessors, recognize the fact that the reaction is quantitative only 
within very narrow restrictions as to the concentration of the solutions 
and the time of reaction. This point has been established onlv by the 
concerted efforts of the many chemists, who worked on the subject after 
Fehling, the necessity for keeping the copper solution divided into two pat ts 

1 Reported in Journal de Pharmacies [3] 6 , 301 (1844). 

* Ann., 70, 54 (1849). 

* Ibid ., 72, 106 (1849); 106, 75 (1858). 
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being soon recognized. Soxhlet especially dbvoted much of his time to 
the study of the method and established 1 the ex^i conditions under which 
the determination must be carried out in order to^ satisfactory results. 

Bureau ok Chemistry, Washington, D. C. 


A REVIEW OF SOME RECENT INVESTIGATIONS IN THE QUIN- 

AZOLINE GROUP . 2 \ 


By Marston Taylor Booert. 

Received March 31, 1910 

For several years past, the Organic Laboratory of Columbia Univer-' 
sity has been engaged in the synthesis and study of compounds belonging 
to that group of organic heterocycles known as quinazolines or phen 
miazines. 

To us, the work has been most interesting and enjoyable. The com- 
pounds obtained have been generally crystalline solids, quite readily 
purified, stable, and very .satisfactory to work with. 

Our investigations have included — A. Quinazolines, B. Thioquinrazo- 
lines, and C. Naphthotetrazines of quinazoline structure: 



I! 

s 

( Q ui nazol i n e ) ( Th i oq ui n azol i ne ) ( 1 , 3 , 7 , 9-N a pb th otet razi n e ) 

Incidentally, a great many new preparatory, intermediate and sub- 
sidiary products have been obtained. From the standpoint of new sub- 
stances, the field has been an unusually fruitful one 

It is, therefore, not only an honor but also a pleasure to present on 
this occasion a brief synopsis of the major lines of the work to date. 

A. Quinazolines. 

Colby and Dodge , 8 as the result of their investigations of the inter- 
action of nitriles and organic acids, under conditions of heat and pres- 
sure, came to the following conclusions: 

I. Fatty nitriles and aromatic acids give fatty acids and aromatic 
nitriles. 

II. Aromatic nitriles and fatty acids give mixed secondary amides. 

III. Aromatic nitriles and aromatic acids give secondary amides, un- 
less the temperature is very high, when the nitrile of the higher radical 
may form. 

Mathews , 4 in continuation of this work, heated acetonitrile and an- 
thranilic acid together under pressure, hoping thereby to obtain the 

1 Z . anal . Chem. t 18; 20, 425. For other references to modern investigators see 
standard text-books. 

* Address at the Twentieth Anniversary Celebration of Clark University, Wor- 
cester, Mass., Sept. 14, 1909, 

• Am, Ckem. 13, 1 (1891 ). 

4 This Journal, 20, 654 (1898). 
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anthranilic nitrile. On examining the contents of the tube, he found 
not the nitrile desired but a colorless crystalline compound, melting 
at 232 0 (uncor.), which- was not identified at the time. 

Later, Bogert and Gotthelf 1 made a more careful study of this reac- 
tion and found that the crystalline substance melting at 232 0 was identical 
with the 2-m^tiiyl>4-ketodihydroquinazoline first described by Weddige, 2 
and later obtained by Bischler and Burkart, 8 Bischler and Lang, 4 and 
Niementcvskii. 5 By varying the nitrile, they obtained other quinazolines 
of analogous structure. 

Continuing this work, Gotthelf 6 heated anthranilic acid under pressure 
with a: 

IV. Fatty nitrile alone (using aceto-, propio-, n-butyro-, r-valero- and 
i-capronit riles). 

V. Fatty nitrile and the corresponding fatty acid (acetonitrile and 
acetic acid, propionitrile and propionic acid, etc.). 

VI Fatty nitrile and a higher fatty acid (acetonitrile and propionic 
acid, fl-butyronitrile and capric acid, etc.). 

VII. Fatty nitrile and a lower fatty acid (isocapronitrile and pro- 
pionic acid, etc.). 

VIII. Fatty nitrile and the corresponding acid anhydride (propioni- 
trile and propionic anhydride, valeronitrile and valeric anhydride, etc.). 

IX. Fatty nitrile and higher acid anhydride (acetonitrile andfpro- 
pionic anhydride, etc.). 

X. Fatty nitrile and lower acid anhydride (acetonitrile and formic 
acid, etc.). 

In considering case IV, Bogert and Gotthelf at the time thought it 
probable that the production of a quinazoline was due to the formation 
of an intermediate secondary amide, 

/NH 2 /NIhTO! /N - CCH, 

C 6 h/ 4 CHgCN — C,1I,< Tl = C,h/ i 4 H.O 

'COOH 'CONHCCH, x CO . NH 

just as acetonitrile and acetic acid when heated under pressure give 
diacetoamide. 7 

One objection to this explanation of the course' of the reaction lies 
in the fact that it involves a lactam condensation, whereas Weddige ’s 
investigations in this very field have made it quite clear that these con- 
densations follow preferably the lactim course. If the intermediate 
secondary amide assumed by us passes directly into the quinazoline by 
loss of water, two different quinazolines should result according to whether 
the condensation is of lactam or lactim type : 

/N|h7“o! /N - CCH S 

C«H 4 <( f - C 6 H 4 < I + H s O 

XCONHCCH, XCO . NH 

(a) 

1 This Journal, 22, 129 (1900). 

* 7 . prakt . Cham., [2] 31, 124 (1885). 

* Ber. t 26, 1350 (1893). 

4 Ibid. , 28, 282 (1895). 

* J. prakt. Chem., [2] 51, 564 (1895) and Ber. t 29, P i36o*(i896). 

* This Journal, 23, 61 1 (1901). 

1 Kekute, Lehrbuch (1st ed.), 1, 574; Gautier, Ztschr. Chem. t *$69, 127. 
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QH, 


■nh|h oh| 


CON : CCH, 



x CO.N 

(b) 

As a matter of fact, the product obtained by us is id^ktical with (a). 

Another objection is that it is not in harmony wi^ihe conclusions 
of Colby and Dodge 1 cited above. According to thern^perhnents, 
the first products of the action of a fatty nitrile upon an aromatic acid 
at high temperature and pressure are the aromatic nitrile and tlse fatty 
acid, which mav and often do subsequently combine to a mixed secondary 
amide. That the se condary amide is not the first product seems established 
by their results, for in no case where a fatty nitrile acted upon an aroK 
matic acid was the secondary amide found unaccompanied by aromatic 
nitrile, while in many cases aromatic nitrile and fatty acids were found 
unaccompanied by any secondary amide. Thus, acetonitrile and benzoic 
acid at 220° gave no acetobenzamidc, but only benzonitrile and acetic 
acid, whereas when the latter two were heated together at 220°, only 
acetobenzamidc was formed. 

It therefore seems probable that the first phase of the reaction be 
tween anfhranilic acid and a fattv nitrile is as follows 


/ 


NIL 


C«H 4 \ 1 RCN 

x cooh 


= C«H 4 


/ 


NH, 


R.eooii 


X'N 

As aniline when heated to sufficiently high temperatures with fatty 
acids yields the corresponding anilides, 2 the second phase of the reaction 
is probably 

/NH a /NH.COR 

C a ll 4 < -|- R.COOH -=C P( H 4 < } ILO. 

X CN X CN 

As the ease with which this acylation takes place decreases with in- 
crease in the molecular weight of the fatty acid, the higher nitriles should 
give smaller yields of the quinazoline, and this was found to be the case. 
The yield with propionitrile, for example, was 22 5 per cent., while with 
valeronitrile it was only 5 per cent, of the theoretical. 

The acylanthranilic nitrile may then pass into the quinazoline by either 
of the following reactions: 


C 6 H 4 


NH.COR 
CN 


f H 2 o 


- C.H.<f 


NH.COR 

CONH a 


✓N. 


c 8 h/ 

X C() . NH 


CR 

i -l- H a o 


or 


/NH.COR 

c«h 4 ( 

X CN 


f R.COOH ~ C 6 H 4 


/ 


NH.COR 


/ 


N -rr CR 


C 6 H 4 / ; 4 R.COOH. 

x CO . NH 


\cONHCOR 

That a simple molecular rearrangement of the acylanthranilic nitrile 


occurs, 


c *'< 


NH.COR 


C„H, 


/ 


N - CR 


^CN *\:0 . NH 

seems unlikely, for the reason that when acetoanthranilic nitrile was 
heated for some time above its melting point, or when its solution in 
dry toluene was heated to high temperatures in sealed tubes, no change 

1 Loc. cit. 

2 Williams, Ann., 131, 288; Pebal, Ibid,, 91, 152. 
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whatever occurred. 1 Moisture was, of course, rigidly excluded in these 
experiments, since a small amount of water, by successive addition and 
splitting off, would suffice to convert an indefinite amount of the nitrile 
to the quinazoline. 

In further support of the assumption that the acylanthranilic nitrile 
is an intermediate product, are the following facts: (1) Acetanilide is 
found as a by-product in the tubes. 2 (2) The presence of a small amount 
of acetic anhydride greatly increases the yield of quinazoline. (3) The 
same quinazoline results when acetoanthranilic acid is heated in a sealed 
tube wrth acetonitrile as when anthranilic acid itself is used. 3 (4) Aceto- 
antbnanilic nitrile on partial hydrolysis changes immediately to the 
quinazoline. 4 

The by-products observed in the experiments were carbon dioxide, 
aniline, anilides, amides and ammonia. Of these, carbon dioxide and ani- 
line are normal decomposition products of anthranilic acid at high tem- 
peratures. Partial hydrolysis of the nitrile accounts for the presence of 
amide. Aniline acting on the latter, 5 or upon the fatty acid present, 
yields the anilide, the by-product in the former case being ammonia. 

In those cases (V, VI and VII) where the anthranilic acid was heated 
with both the fatty nitrile and the fatty acid, the results are confusing 
and the interpretation obscure. Quinazolines were formed, but the 
course of the reactions is not clear and additional work is needed before 
any satisfactory conclusions can be reached. 

When an acid anhydride was added to the tubes containing the an 
thranilic acid and fatty nitrile (VIII, IX and X), the anhydride used 
determined the quinazoline formed in practically every case. In these 
experiments, the reaction is therefore probably as follows: 

.NH, yNH.COR 

C«H 4 < H O(CO.R), - C«H 4 < + R.COOH 

X'OOH x COOH 



NH.COR 

COOH 


-I 


R/CN C fl H 4 </ 


NH.COR 

CONHCOR', 


the latter then condensing in either of the following ways : 
/ R 

/ N:C \ - 
\OH 


CONH COR/ 


<=•< 


N -= CR 


CO.NH 


+ R / COOH 


c.H 4 < 


/N HCOR 

VoNHcf 10 - C - H <C ' +EC0 ° H 

Xo/ 


= CR' 

I 

'CO . NH 


(a) 

(b) 


The nitrile was used with the corresponding acid anhydride (VIII), 
with a higher acid anhydride (IX), and with a lower anhydride (X). Of 
these, types VIII and IX invariably yielded pure quinazolines according 
to reaction (a) above. Only when a lower anhydride was used with the 

1 Bogert and Hand, Tins Journal ,, 1 '24, 1034 (1902). 

* Bogert and Gottlielf, Ibid., 22, 528 (1900). 

* Bogert and Gotthelf, Loc. cit. 

4 Bogert and Hand, Loc. cit. 

4 Kelbe, Ber., 16, 1200 (1883). 
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nitrile (X), were products encountered whlsh were mixtures of quinazo- 
lines. \. 

Of these different sealed-tube reactions, much the best was that in 
which the anthranilic acid was heated with theNfatty nitrile and the 
corresponding acid anhydride (VIII). The yield b^^this process was 
fair (30 to 50 per cent, of the theory) and, unless the i^^ating was too 
high, the tube contents were invariably light-colored anbi crystalline. 

In the foregoing, it is assumed that the secondary amide ns an inter- 
mediate product in the formation of the quinazoline. Such arKamide, 
R.CO.NH.CO.R', being symmetrical, should be producible eithervjrom 
R.COOH and R'CN^ or from R'COOH and RCN. In other wd*ds, 
since the formation of the — CO.NH.CO-- group is due solely to thH 
combination of the CN and COOH, it should make no difference which 
radical carries the CN and which the COOH. The same secondary amide 
and, therefore, the same quinazoline, should result whether the acylan- 
thranilic acid is heated with the fatty nitrile, or the acylanthranilic nitrile 
with the fatty acid (or its anhydride). On testing this practically, 1 such 
was indeed found to be the case, and a number of quinazolines were 
thus obtained from the acylanthranilic nitriles by heating them iif segled 
tubes with the fatty acid or, better, its anhydride. 

In experimenting with these acylanthranilic nitriles, a method of 
converting them into the quinazolines, far superior to any of the methods 
described above, was discovered. It consists in digesting the acylan- 
thranilic nitrile for a few minutes with a warm alkaline dioxide solution, 
and is really a beautiful method, being very rapid, simplicity itself in 
execution, and giving large yields of practically pure quinazolines. It 
depends upon the hydrolysis of the nitrile to the amide, the acylanthranil- 
amide then condensing to the quinazoline, as shown by Weddige. 2 

In those cases where the e-amino acid is best obtained from its nitrile 
by saponification, it is convenient to be able to pass direct from the 
nitrile to the quinazoline. Thus, homoant hranilic nitrile is readily 
prepared from w-nitro-/>-toluidine, through w-nitro-/>-toluonitrile, and 
from the acyl derivatives of this homoanthranilic nitrile and an alkaline 
dioxide solution (hydrogen dioxide solution made alkaline with sodium 
hydroxide), the 7-methyl-4-quinazolones were prepared. 8 

By a number of different processes, including those already mentioned, 
starting with brominated anthranilic acids, bromoquinazolines were pre- 
pared. 4 

Our attention was next turned to the nitroquinazolines, and many 
were made from nitroanthranilic acids by the methods already described, 
and also by heating the ammonium salt of the nitroanthranilic acid 
with formamide, 6 by the direct action of heat on the ammonium salts 
of nitroacylanthranilic acids, 0 and by the action of primary amines on 
nitroacetoanthranils. 7 The last is a very fine method indeed, and one 
we have developed quite extensively. 

' 1 Bogert and Hand, This Journal, 24, 1031 (1902). 

9 J. prakt Chem ., [2] 31, 124 (1885); 36, 141 (1887). 

• Bogert and Hoffman, This Journal, 2% 1293 (1905). 

4 Bogert and Hand, Ibid., 25, 943 (1903); 28, 94 (1906). 

• Niementovskii, /. prakt, Chem. t [2] 51, 564 (1895). 

• Bischler and Burkart, Ber. t 26, 1349 (1893). 

1 Anschfitz, Schmidt and Greiffenberg, Ber. t 35, 3480 (290a). 
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By these various methods, we prepared 5-nitro-, 1 6-nitro-, 2 and 7-nitro- 
4-quinazolones. 8 Of the four possible types of benzoylnitroquihazolines, 
representatives of the 6-nitro, 4 and 8-nitro, 5 were already known. The 
preparation of the 5- and 7-nitro derivatives completed the series. 

Reduction of the jmtroquinazolines yielded the corresponding be nzoyl- 
aminoquinazolines, 6 in which, as might have been expected, the amino 
group shows the^usual aniline reactions. 

Aminoquinfazolines with the amino group on the miazine side of the 
nucleus wete produced by condensing simple or substituted acylanthranils 
with primary hydrazines, 7 


yN.COR 

C 8 H 4 <Q^ f H^N.NHR' . 


y N — CR 

; C 6 H 4 <( I + H, 0 . 

Vo . N.NHR' 


With hydrazine itself, it was also found possible to condense two mol- 
ecules of the anthranil with one of the hydrazine, thereby giving 3,3'- 
diquinazolonyls, 


.N =r. CR RC * N- 
C«H/ I I 

Vo . N N . CO- 


^>C fl H 4 . 


The same result can be accomplished, though less satisfactorily, by con- 
densing the 3-aminoquinazoline with a second molecule of the anthranil. 
The di-quinazolonyls so far isolated are all very difficultly soluble and 
inert. 

The 3-aminoquinazolines proved interesting because of their unsym- 
metrical secondary hydrazine structure, >N.NH 2 . In the main, their 
properties coincide with those of other N-amino heterocyclic compounds. 
Thus, nitrous acid does not diazotize the amino group, but replaces it 
by hydrogen; with diace tosuccinic esters, they often yield pyrrole de- 
rivatives; 8 with aromatic nitroso bodies, they do not give azo compounds; 
nor are they oxidized to tetrazones by mercuric oxide. On the other 
hand, they do not usually condense with ketones, while they do occasion- 
ally yield phenyluramino derivatives with phenyl isocyanate. 9 In the 
elimination of the N-amino group by the action of nitrous acid, there 
‘must be some unstable intermediate product formed, for if immediately 
after the addition of the nitrous acid the mixture be poured into an alkaline 
solution of alpha- or beta- naphthol, dyestuffs are formed of considerable 
tinctorial power, the structure of which has not been elucidated. 

Further experimentation with the acylanthranils showed that they 

1 Bogert and Chambers, This Journal, 27, 649 (1905); Bogert and Seil, Ibid., 
* 7 » 1305 (1905) and 29, 532 (1907). 

* Bogert and Cooke, Ibid., 28, 1449 (1906). 

* Bogert and Steiner, Ibid., 27, 1327 (1905); Bogert and Seil, Ibid., 29, 532 (1907); 
Bogert and Klaber, Ibid., 30, 807 (1908). 

4 Dehoff, J. prakt. Chem., [2] 42, 347 (1890); Thieme, Ibid., 43, 441 (1891). 

* Zacharias, Ibid., 43, 441 (1891). 

* Bogert and Chambers, This Journal, 28, 207 (1906); Bogert and Klaber, Ibid., 
30, 807 (1908). 

1 Bogert and Seil, Ibid., 28, 884 (1906); Bogert and Cook, Loc. cit.; Bogert and 
Klaber, Loc . cit. 

8 Bhlow, Ber., 35, 4312 (1902); 39, 2621 and 3372 (1906). 

•Bogert and Gortner, This Journal, 31, 943 (1909). 
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could also be condensed with amino nitriles or amino esters to the cor- 
responding quinazolines. 1 \ 

The ease with which acylant hi anils condeft^e with primary amines to 
crystalline quinazolines suggests the utilization\of this reaction for the 
separation and identification of easily soluble or N $impy amines difficult 
to handle otherwise. >v 

The same reaction was employed for the preparatioh^of quinazoline 
carboxylic acids from acylant hranil carboxylic acids, 2 

yN.COR .N CR 


HOOC 


I 

rc 


] 2R / NH a r'nh 3 ooc.c ( 


‘ H < 



v CO ^CO . NR' 

These quinazoline benzoylcarboxylic acids are colorless crystalline schi^is, 
melting with decomposition above 300 °, more or less soluble in alcohol 1 ,, 
but very difficultly soluble in other neutral organic solvents. 

From the oxalyl anthranils, quinazolinecarboxylic acids were pre- 
pared carrying the carboxyl group on the miazine side of the nucleus, 3 
yN.COCOOR y N^C.COOR 

C,h/ I + R'NH, C fi H/ I b HjO. 

X C() N C0 . NR' , 

The particular quinazolines described in the foregoing are for the "most 
part of the type designated as 4 kutodiliydroquinazolines or, more simply, 
4-quinazolones, 

(8) -W 



/V 


v/ 


o 

(4) 


■N- 


R (2) 
•R (3)' 


When there is an H at position 3 instead of a radical, there arises the 
possibility of keto-cnolic tautomerism, 


xN CR 
C.H/ | 

N CO . NH 
(4-Quinazolone) 


vN -=-r- CR 

t C 6 H 4 < ( . 

'C(OH):N 

(4-Hydroxy quinazoline) 


All those 4-quinazolones (4-hydroxyquinazolines) which carry a hydro- 
gen at position 3 are easily soluble in aqueous solutions of the caustic 
alkalies and re-precipitable from such solutions by carbon dioxide or 
acetic acid. When these alkali salts are treated with alkyl halides, the 
3-(iV)alkyl derivative is the chief product. 4 The nitro derivatives furnish 
an apparent exception to this, in that the product with the higher alkyl 
halides is reported as chiefly the oxygen ether (i. e ., the 4«(0)alkyl, or 
-OR compound). 6 We are somewhat skeptical, however, of the accuracy 
of these results and feel that they should not be fully accepted until the 
pure oxygen ethers have been prepared by other processes and the two 

1 Bogert and Kl&ber, Loc. cit. 

* Bogert, Wiggin and Sinclair, This Journal, 29, 82 (1907); Bogert and Jouard, 
Ibid,, 31,489 (1909). 

* Bogert and Gortner, Ibid., 32, 119 (1910). 

4 Bogert and May, Ibid., 31, 507 (1909). 

* Bogert and Seil, Ibid., 29, 517 (1907). 
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products compared. One reason for this skepticism on our part is that 
certain of these supposititious' oxygen ethers could not be hydrolyzed with 
concentrated mineral acids (hydrochloric), a result contrary to our ex- 
perience and to that of others working with true oxygen ethers. 

Pure 3- (A) alkyl (derivatives are easily obtained by the acylanthranil 
reaction already 'described. For the isomeric 4-OR derivatives, the 
best method appears to be the treatment of the 4-cliloroquinazolines 
with sodium 'alcoholates. 1 In the case of the simple alkyl derivatives 
of unsubstituted 4-quinazolories (4 -hydroxy quinazolines), the (3)-NR 
compounds are colorless, odorless solids, quite soluble in water, gen- 
erally' very difficultly volatile with steam, of higher melting point than 
th/i/4-OR isomers, and are not hydrolyzed by strong hydrochloric acid. 

/On the other hand, the 4-OR compounds are oily liquids or low-melting 
' solids, usually of pleasant odor, readily volatile with steam, less soluble 
in water but more soluble in hydrochloric acid than the NR isomers, 
and are readily hydrolyzed by mineral acids to the hydroxyquinazoline 
(4-quinazolone) again. Some of the lower ones can even be distilled 
undecomposed at ordinary pressure. 

I11 the preparation of the 4-chloroquinazolines from the 4-hydroxy- 
quinazolines (4-quinazolone s), 1 a methyl or ethyl group in position 2 
exerts a peculiar influence upon the course of the reaction with phos- 
phorus halides or similar halogenating reagents. In all such cases, it 
was found impossible to replace the Oil at 4 by chlorine without simul- 
taneously introducing three chlorine atoms in the benzene part of the 
nucleus, liven when 2, 3-dime thy l-4-quinazolone was heated with phos- 
phorus penta- and oxychlorides, 2 the 3-metliyl group was split off, a Cl 
attached itself at 4, but again three CPs entered the benzene nucleus. 

Our investigations in this 4-quinazolone group have led to the syn- 
thesis and study of derivatives carrying the following substitutions: 

1. At position, 2-, methyl, ethyl, normal and isopropyl, isobutyl, isoamyl, 
phenyl, m- and ^-nitrophenyl, benzyl, p- tolyl, COOH, and various com- 
plex radicals and residues. 

2. At position, 3-, methyl, ethyl, normal and isopropyl, iso- and secondary 
butyl, isoamyl, allyl, phenyl, o-tolvl, £~anisyl, benzyl, bcta-riaphthyl, 
CHjCOOR, CH 2 CONH 2 , CH 2 CN, C 0 H t COOR, C 0 H 4 CONH 2 , C 6 I 1 4 CN, the 
amino group and its derivatives, quinazolonyls, and dimethyl dicarb- 
ethoxypyrrole. 

3. At position, 4-, OH, Cl, and OR. 

4. On the benzene nucleus-, alkyls, halogens, nitro, amino (and deriva- 
tives), and COOH. 

In the various series, where homologs of analogous structure are com-' 
pared, it will be found that the melting point falls quite steadily with 
rise in molecular weight, the iso compounds melting higher than the 
isomers carrying normal alkyls. This is perhaps not so surprising since 
many series of anthranilic compounds (for example, the alkyl and acyl- 
amino anthranilic acids, the acylanthranilic nitriles, etc.) exhibit a similar 
behavior. 

In addition to the 4-quinazolones, our studies have included also the 
2-quinazolones (2-hydroxyquinazolines), 2, 4-dihydroxy quinazolines (2,4- 

1 Bogert and May, Loc. cit. 

2 Compare Fischer, Ber* f 32, 1297 (1899). 
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diketotetrahydroquinazolines, or benzo^tene ureas), and a few other 
types. X*. 

B. ThioqumazolmeSv 

The work in the domain of the oxygenated quina^olines led quite natur- 
ally to the production of bodies of analogous structure carrying sulphur 
instead of oxygen, and known as the 4-thioquinazolone oN^uinazolthion (4) 
type, 1 

>N ■= CR .N— \ 

C fi H 4 < | ^ C 6 h/ | . 

^CS.NH ^C(SH):N \ 

Since anthranilamides, as noted, easily condense to quinazolin^s by 
loss of water, it seemed probable that the corresponding thioamides wotted 
yield thioquinazolines, x 

>NH.COR y N — CR 

C 6 H 4 < - C b H 4 < I + H,0, 

VfiNK. V 


^CS . NH 


and the results corroborated this fully. 

The acylanthranilic thiamide was prepared either by first converting 
the anthranilic nitrile to the amide by the direct addition of Hydrogen 
sulphide and then acylating, or by first acylating and then adding the H 2 S: 


/NH 2 

e«H/ 4- C)(COR) t 

A X CSNH a 

t+ HjS 
I y NH f 

c«h/ 

, ^CN 

1 + 0(COR) t 

▼ yNH.COR 
«H 4 <Q + H,S 


K 


-NH.COR 

CS.NH* 


h:n • 



By the use of thiol acids (for example, thioacetic acid) in sealed tubes, 
the thioquinazoline was obtained direct. The thiol acid first acylates 
the amino group. The by-product of this acylation, Ii 2 S, cannot escape 
from the tube and is thus forced to attach itself to the CN, thereby changing 
it to the thioamide. The acyl amino thioamide then passes to the thio- 
quinazoline by loss of water. 

As comparatively few thiol acids are readily available, we made our 
reaction more widely applicable by substituting the acid anhydride with 
sodium sulphide for the thiol acid. Thus, when anthranilic nitrile is 
heated with acetic anhydride and sodium sulphide in open flasks or, 
better, in sealed tubes, the anhydride first acetylates the amino group 
with formation of acetic acid as the by-product. The latter then attacks 
the sodium sulphide, setting free hydrogen sulphide and forming sodium 
acetate. The hydrogen sulphide converts the acetoanthranilic nitrile 
to the thioamide, which then splits out water and gives the quinazoline, 
the sodium acetate possibly assisting in the elimination of this molecule 
of water. 

These thioquinazolines crystallize in beautiful yellow needles or prisms 
when alcohol is used as the solvent. By virtue of the — CS.NH — 7^ 
— C(SH) : N — group, they dissolve freely in solutions of the caustic 
1 Bogert, Breneman and Hand, This Journal, 25, 372 (1903); Bogert and Hand, 
Ibid., 25, 935 (1903). 
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alkalies and are reprecipitated therefrom by carbon dioxide or by acetic 
acid. 

Like the corresponding oxygen compounds, the melting point of the 
2-alkyl derivatives steadily falls with rise in molecular weight, the iso 
compounds melting higher than the isomers of normal structure. 

In the course the investigation, we have used both simple and sub- 
stituted anthranilic acids. 

/ C. Naphthotetrazines. 


Our ^syntheses of the simple quinazolines having resulted so satis- 
factorily. we decided to attempt the synthesis of compounds of the follow- 
ing types, 

N N N 



( 1,3,6, 8-Naphthotetrazine) ( 1,3,7,9-Naphthotetrazine) 


and in this were equally fortunate. 

Naphthotetrazines of both types were prepared from the bis-acyl- 
anthranils of the appropriate diaminophthalic acid and various primary 
amines, 1 

RCO.N. .N.COR RC:Nv ,N = CR 

>C 6 H # < I 4 2R'NH 2 - | >C.H,<( | 4 - 2H 2 0, 

VO R'NOfK >C 


ocy 


MX). NR' 


as well as from the diaminophthalic acids themselves by reactions similar 
to those employed for the synthesis of the simple quinazolines. The 
diaminophthalic acids used, which must be, of course, of anthranilic 
structure, were 


HOOC 


rr 

,N/V\ 


NH, 


H,N X N COOH 
(3, 6-Diamino- 1,4-phthalic acid) 


H,N W NH > 

HOOC-^^^COOH 
( 4, 6-Diamino- 1 , 3-plithalic acid ) 


These acids, as can be seen by a glance at their graphic formulas, are 
only double anthranilic acids, and undergo similar reactions, the former 
yielding the 1,3,6,8-naphthotetrazines, and the latter the 1,3, 7, 9-isomers. 

1,3,6,8-Naphthotetrazines were also obtained by condensing suc- 
cinylosuccinic esters with amidines : 2 

HN|H RbjCO.C.CH,C!6H H|N:CR 

1 +~ 11 ir + 1 = 

RC:N|H HO| C.CH,C.COiOR H|NH 

HN.CO.C.CH a .C.N: CR 

j || || | 4- 2H,o 4 - 2ROH. 

RC:N . C.CH t .CCONH 

All of these naphthotetrazine derivatives so far obtained by the above 
processes are either infusible or melt very high. They are insoluble in 
the ordinary neutral organic solvents. When they carry the — NH.CO — 


* Bogert and Nelson, This Journal, 29, 729 (1907); Bogert and Kropff, Ibid., 
3*t 1071 (1910). 

* Bogert and Dox, Ibid., 27, 1127 and 1302 (1901). 
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— N : C(OH) — group, they dissdive readily in solutions of the 
caustic alkalies, whence they are reprecip^tated by carbon dioxide or 
by acetic acid. 

The naphthotetrazine prepared from guanidine and succinylosuccinic 
ester gives a sodium salt crystallizing in beautiful yellow needles or prisms 
which have a magnificent greenish fluorescence. * * - 

This, in a very hasty and imperfect way, indicates the 'main lines along 
which this particular field of investigation has been developed. It would 
only weary you to refer even hurriedly to the many subordinate lines 
of investigation radiating from these main ones, necessitating or resulting 
in the synthesis of many hundreds of new organic substances. I catoumly 
say, as I did at the outset of this address, that it has all been most interest- 
ing to us, and that we are still carrying on the work. 


The articles published in the progress of these researches are listed 
below. They have all appeared in The Journal o] the American Chemical 
Society , to which the volume numbers refer: 

1900 1. A new synthesis in the quinazoline group. M. T. Bogert and A. H. Gotthelf, 

This Journal, 22, 129. * 

2. The direct synthesis of ketodihydroquinazolines from orthoamino acids. 
M. T. Bogert and A. H. Gotthelf, Ibid., 22, 522. 

1901 3. The synthesis of alkyl ketodihydroquinazolines from anthranilic acid. A. 
H. Gotthelf, Ibid., 23, 611. 

1902 4. The synthesis of alkyl ketodihydroquinazolines from anthranilic nitrile. 
M. T. Bogert and W. F. Hand, Ibid., 24, 1031. 

1903 5- The synthesis of alkyl thioketodihydroquinazolines from anthranilic nitrile. 
M. T. Bogert, H. C. Breneman and W. F. Hand, Ibid., 25, 372. 

6. 3,5-Bibrom-2-aminobenzoic acid; its nitrile and the synthesis of quinazolines 
from the latter. M. T. Bogert and W. F. Hand, Ibid., 25, 935. 

1905 7. The synthesis of 5-nitro-4~ketodihydroquinazolines from 6-nitro- 2 -amino- 
benzoic acid, 6-nitro-2-acetylaminobenzoic acid, and from the corresponding nitro 
acetylanthranil. M. T. Bogert and V. J. Chambers, Ibid., 27, 649. 

8. The condensation of succinylosuccinic acid diethyl ester with guanidine. 
A derivative of 1,3,5,7-naphthotetrazine, a new heterocycle. M. T. Bogert and A. W. 
Dox, Ibid., 27, 1127. 

9. Some acyl derivatives of homoanthranilie nitrile, and the 7*methyl-4-ketodi- 
hydroquinazolines prepared therefrom. M. T. Bogert and A. Hoffman, Ibid., 27, 
1293. 

10. The condensation of succinylosuccinic acid diethyl ester with acetamidine: 
2, 6-dimethyl-4,8-dihydroxy-9,io-dihydro- 1,3,5,7-naphthotetrazine. M. T. Bogert 
and A. W. Dox, Ibid., 27, 1302. 

11. The synthesis of 2-metliyl-5-nitro-4-ketodihydroquinazolines from 6-nitro 
acetanthranil and primary amines. M. T. Bogert and H. A. Seil, Ibid,, 27, 1305. 

12. The synthesis of 7-nitro-2-alkyl-4-ketodihydroquinazolines from 4-nitro 
acetanthranilic acid and from 4-nitro acetanthranil. M. T. Bogert and S. H. Steiner, 
Ibid., 27, 1327. 

13. 5-Brom-2-aminobenzoic acid and some of its derivatives. M. T. Bogert 
and W. F. Hand, Ibid., 27, 1476. 

1906 14. The preparation of 6-brom-4-ketodihydroquinazolines from 5-brom-2- 
aminobenzoic acid and certain of its derivatives. M. T. Bogert and W. F. Hand, 
Ibid., 28, 94. 
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15. On 5-amino 4"ketodihydro'quinazolines and 5 -amino-2 -methyl-4~ketodihy- 
droquinazolines. M. T. Bogert' and V. J. Chambers, Ibid., 28, 207. 

16. On the condensation of succinylosuccinic esters with amidines. M. T. 
Bogert and A. W. Box, Ibid ., 28, 398. 

17. On a 3-amin6quinazoline and the corresponding 3,3'-diquinazolyl, from 
6-nitro acetaiffchrgtnil and hydrazine hydrate. M. T. Bogert and H. A. Seil, Ibid., 28, 
884. 

18. Synthesis of 6-nitro- 2 -met hyl-4-ketodihydroquinazolines from 5-nitro acetan- 
thranii ^nd primary amines. M. T. Bogert and R. P. Cook, Ibid., 28, 1449. 

1907 ij^/The synthesis of quinazoline carboxylic acids from 4-aminoisophthalic acid 
aqd from aminoterephthalie acid. M. T. Bogert, J. D. Wiggin and J. E. Sinclair, 

, Ibid., 29, 82. 

20. A strange case of poisoning. M. T. Bogert, Ibid , 29, 239. 
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THE CAUSE OF COLOR IN ORGANIC COMPOUNDS. 1 

By Richard Sydney Curtiss 
R eceived April 16, 1910. 

During an investigation in the mesoxalic ester series, I have been led 
to a study of the causes which underlie the phenomenon of color in some 
of these very simple aliphatic compounds.* In doing so I have found the 
subject fascinating, and it has seemed to me that it might be of interest 
to a general audience, in which I assume the great majority are not organic 
chemists. I shall try to present some of the simpler facts and theories 
on which our ideas of color cause rest. 

1 Address of the Chairman of the Division of Organic Chemistry of the American 
Chemical Society delivered in general session of the Society at Harvard University, 
December 29, 1909. 

2 Curtiss and Spencer, This Journal, 31, 1033; Curtiss, Am. Chem. J 35, 477. 
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To discuss a subject in an hour, upon which so many thousands of 
pages of interesting researches have appeared, would be difficult enough, 
but my task is the harder since our good secretary has limited us to thirty 
minutes. 

In deference to my non-organic friends, I shall try to eliminate, as far 
as possible, those incomprehensibly long names and formulas, which, 
while so simple and luminous to us, are always thorns in t>je flesh to most 
young chemists. 

By a colored substance we all understand one which has the v power of 
retaining or holding back some of the ether vibrations of certain definite 
wave length of the white light falling on it, the color being the resultant 
effect of all waves which pass through the substance to the eye. In orf;er 
words, the color seen is the complement of the color absorbed. 

It might be asked, Why is one compound colored and another not? 


C 


H CH, 

C 

Why is benzene, , colorless while its isomer, fulvene, 1 HC< ^CH t 

HCi y,CH I] 11 

Y /HC! ECH 

^ * 

H 

O 

II 

c 

hc/Nch 

like its oxygen derivative quinone, | , is yellow? Or again, 


✓CO a R 


why is malonic ester, H 2 C<f , without color and oxomalonic ester, 

X CO a R • 

< C0 3 R 

, green, formaldehyde, H a C * O, colorless, and diazo methane, 

N C °* R 

, yellow? These are simple cases of color. They all contain an 


unsaturated group of atoms — the ethylene, the aarbonyl, the azo groups. 

Graebe and Liebermann, 2 who made the first studies of the relation 
of color to structure, noticed in 1867 that reduction of these unsaturated 
groups destroyed the color instantly. In the sixties little was known 
about the constitution of any of the organic colored substances — though, 
alizarin, purpurin, fuchsin, indigo and others were being investigated. 
Quinone was the only one whose constitution was known. It was the 
study of compounds like quinone and azobenzene containing such groups, 
and their loss of color on reduction, that led Witt 8 to formulate in 1876 
his celebrated “chromophore theory.” This states that the color in an 


1 J. Thiele, Ber. t 33, 667; Ann., 348, 12. 
8 Ber., 1, 106. 

• IbitL, 9, 522-524. 



CAUSE OF COLOR TN ORGANIC COMPOUNDS. 797 


organic compound is caused by the presence of a certain group which he 
called a chr omophor e, or color-forming group. 


= C=-=C,^ 
= C^rS 

= o 

/ N — N — 

\/ 

o 

'' - - N -- N 

/ - N-C: 

etc. 


Chromophores. 


c / c \c 


HC 




CH 


HC X /CH 


“quinoid forui” 
Color lost by reduction 


Such a colored substance he called a chromoyen. He also noticed that 
a colored substance might lack the power of imparting its color to a fabric, 
and that the presence of an hydroxyl or amine group, both salt-forming 
groups, usually tended to deepen the color and to cause it to fix to the 
fiber, that is, to produce a dye. Such groups he called auxochromes — 
and stated that both chromophore and auxochrome groups must be present 
to produce a dye. Witt’s color theory has been of great value as a guide 
in the synthesis of a multitude of colored substances and dyes. 

One feature that Graebe and Liebermann, in 1868, considered of funda- 
mental importance for color production was the presence in aromatic 
chromogens of a quinone group or a quinone-like union of atoms, called 
also “quinoid form,” and it is remarkable that this idea, based as it was 
at that time on wholly insufficient data, has been, and is even to-day 
in a modified form, one of the most valuable concepts in our theories of 
the cause of color. 

In 1878-9 the cousins Emil and Otto Fischer, 1 in a series of masterly 
researches, established the relation of the important dyes, fuchsin and 
related compounds, to the parent hydrocarbon triphenylme thane and 
ascribed to parafuchsin a paraquinonc structure, though they gave it 
the peroxide form. The chart shows the simple relation and color changes 
of this important class of dyes. 


H, 


,N <3- " 

sr \Z> 


Parafuchsin, violet- 
red (quinoid) 


NH 2 C1 

NH, 



O 


H„N<( 


a • n O 


>NH, 


NaOH 


C— OH 

NQnh, 


-j-HET 

Base, 

Pararosaniline, 

— H t O 

colorless 

XZ> NH * 

X3 

C — H 


Colorless 

Hydrocarbon 

Triphenylmethana, 

colorless 


1 12, 2344. 
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Such a molecular rearrangement as is shown in this salt formation, 
accompanied by an intensification of color, we shall note as a very im- 
portant fact in the study of the causes of color. 

The structure of these important dyes being thus settled as quinoid 
compounds, the color question of triphenylme thane derivatives remained 
quiescent for twenty years. N 

In 1900, Professor (lOtnberg 1 discovered triphenylme thy 1 , a colorless, 
crystalline product of the action of zinc on triphenylme thyl chloride 
in dry benzene, air being excluded during the reaction. 



-+ Zn — ► 
(A g) 



f ZnCljj 



Triphenylmethyl 
chloride 


KZ».' C --? 
(O) 


- c 


by Cl f \ 

,(■) u 

Triphenyl- 
Y methyl 


(< >) C-Cl 

v N ' ' s 


r 


Triphenylmethyl Triphenylmethyl chloride 

peroxide (bromide) (iodide) 

Its behavior is very remarkable. It unites with oxygen of the air to form 
a peroxide. Chlorine produces triphenylmethyl chloride. Its chloride 
forms with metallic chlorides colored addition products; with acids it 
gives colored salts. It even adds neutral substances like benzene and 
ether. Its great reactivity and apparently unsaturated character led 
Gomberg to believe that at last the object was attained for which Frank- 
land had sought in vain in the early days of organic chemistry, the prepa- 
ration of a free methyl radical. In the meantime the trivalency of carbon 
received an apparent set back when it was discovered that Gomberg’s 
triphenylmethyl had a molecular weight corresponding to hexaphenyl- 
ethane, (C # H e ),C-C(C # H,),. The reactivity and unsaturated nature of 
this new substance cannot, however, be explained by this formula. 

As a result of studies on this substance by Ullmann and Borsum, 2 
Heintschel,® Chichibabin, 4 Schmidlin, Jacobson,' Gomberg,® Gomberg and 
Cone 7 and others, a formula was proposed by Jacobson, which well ex- 
plains its properties, when in solution. This formula (below) shows it as 
a derivative of quinol. In quinol the CH„ group easily dissociates, or 
wanders, to another part of the molecule. 


1 This Journal, 22, 757; Ber., 33, 3150. 

* Act-., 35, 2877. 

*Ibid., 36, 320, 579. 

4 Ibid., 37, 4709. ■ 

‘ Ibid., 38, 196. 

’ 33 , 315°; (TUBS Journal, 22, 757; Ber., 34, 2726; 35, 1822, 2018, 2397, 3914; 

36, 376, »2 7 ; 37,*6#i7 ’ 
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When Gomberg’s colorless crystalline substance dissolves in liquid 
sulphur dioxide a yellow crilor appears (as in all its solvents). This 
solution, as Walden 1 and also Gomberg and Cone 2 found, conducts elec- 
tricity as that of an electrolyte. Gomberg 8 believes at the present time 
that this remarkable substance is, in the colorless crystalline form, tri- 
phfenylmethyl, containing the methane carbon in the trivalent state, 
^nd the three JaTenzene groups in the usual benzoid form. 

/ When it dissolves, a tautomeric change occurs, one of the phenyl groups 
' undergoes a molecular rearrangement to a yellow quinoloid form, while 
all three forms exist in equilibrium, in solution. Only the colorless 
crystalline form separates out when the yellow solutions are evaporated. 
These changes of triphenylmethyl are here shown. 


V 

/= 




cA- 
=\/ x 
— <*■ 

Triphenylmethyl 
colorless crystals 
(Benzoid form) 




<z> 

o 


\ 

c 

/ 


Ions in 
liquid SO a 


0\ c = < _w H 

O' 

Yellow in solution 
(Quinoloid form) 


it 


ionized in 
liq. S0 2 

H 




Jacobson’s quinoloid formula 
for triphenylmethyl 


(O). 


y OH 



X CH, 

Quinol 

After Gomberg’s brilliant discovery in 1900 there followed in rapid 
succession the announcements by Professor Norris and Mr. Sanders, 4 
and later Kehrmann and Wenzel 5 that the colorless triphenylmethyl 
hydroxide and chloride dissolve in mineral acids giving colored solutions. 
Norris and Sanders also discovered the first colored double salt of tri- 
phenylmethyl, that of aluminium chloride. These were discoveries of 
fundamental interest for the development of the theories of color. Later 
Gomberg and Cone 6 discovered a neutral sulphate as a red crystalline 
compound and many other colored salts of this type. Other colored 
salts were made by Baeyer 7 and his co-workers. Salts of these types are 
shown below. 

1 Z . physik . Ghent ., 43, 443. 

* Bet ., 37, 2045. 

* Ibid ., 40, 1880-1888. 

4 Am . Chem . 25, 54, 117. 

• Ber ., 34, 3815. 

• Ibid ., 37, 3543. 1626; 35, 1822; 40, 1847, 1872; etc. 

7 Ibid. t 38, 569. 1156; 35 t 11 99 * 
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( < ( ) > ),COH 4 - HC 1 — ► «d>),CCl 

a ( <d> )»COH + H,S 0 4 — ( <3 ),C.S 0 4 .C( )» red crystal's 

( y ), CCl + AICl, — *■ ( <( )> ),C.C 1 , A 1 C 1 , yellow *■ 

( < ( ) > ),CC 1 SnCl 4 yellow 

(Cl< ( ),CCl.SnCl 4 red 

( Cl <3 ),C.HS 0 4 .H,S 0 4 brown 
( I< ^ ) 3 C.HS 0 4 .H,S 0 4 brown 

The old theories of color no longer sufficed. An intense interest was 
aroused in this whole class of colored derivatives. Baeyer started a very 
thorough investigation of the entire series of triphenylme thane derivatives, 
and his work appeared in eleven papers 1 in rapid succession in the 
Berichte and the Annalen, from 1902 on. 

It is in this field that some of the most interesting color theories, and 
results, have been worked out. 

Why should some of these simple salts of this triphenylme thyl radical 
be colored and others not? Kehrmann and Wenzel 2 assumed the existence 

of a colorless, and a colored isomer. The formula ( ) s C.Cl represents 

the colorless crystalline chloride, while the structure of the isomeric 
colored salt (and double salts) containing a quinol chromophore are shown 

thus. (< ^ ) 2 >C — ^ y >\ / . This last form he considered to be 

/\ C 1 


derived from a hydrocarbon, ( ) 2 C «* ^ * in which a para 

position carbon is divalent — very reactive — and has basic properties. 
This idea was contained in Professor Norris’ work, which had just ap- 
peared. Gomberg holds strongly to this view of structure of all such 
colored salts and has brought out a large amount of experimental evidence 
to prove the quinol structure as the cause of color in the whole series 
of colored triphenylme thane derivatives. The idea of basic carbon has 
since been worked out by Baeyer, in his carbonium valence theory 8 and 
halochromyA 

Baeyer, 6 however, took exception to the above quinol formula of 
Kehrmann for these colored salts. He found chlorine not easily removable 
by silver salts, as is usually the case in a quinol. To explain the color 
Baeyer 6 assumed, like Kehrmann, Gomberg and others, a colorless non- 


1 Ber., 35, 1189, 1754, 3013 (1902); 36, 2774; 37, 597, 2848, 3191; 38, 569, 1156; 
40, 3083; Ann., 354, 152. 

1 Ibid., 34, 3818. 

*Ber. t 38, 57a. ‘ 

4 Ibid., 35, 1*3^3014; 38, 1159. 

* Loc. cit. 1 ‘ 

• Ber., 38 , 571 . 
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ionizable form, ( ) 8 CC 1 , and in addition an ionizable colored form, 

( / >) a C-^Cl. Toexplain the cause of color in these compounds 

witlyidentical structure and no chromophore group, Baeyer assumed, 
in tiie colored ionizable form, a peculiar difference in the properties of a 
methane carbon' valence. This he indicated by a wavy, ionizing bond 
ajid called it the “carboniuin valence.’ ' Like Kehrmann he considered 
(die methmae carbon basic, and to behave in such salt formations as the 
! metal in potassium hydroxide. This property of a colorless carbon com- 
/ pound which contains no chromophore group, forming colored salts, he 
cabled halochromy. This explanation of color was novel, but not al- 
together satisfactory. 

On the whole we find the chief ideas of the cause of color, as at present 
held by most chemists, to be, for triphenylmethyl and its two series of 
colorless and colored salts, first a colorless compound of benzoid structure, 
second — its molecular rearrangement to a colored form, having a quinone 
or a quinol structure, this unsaturated quinol ring being the chief 
cause of the color. 

Let us turn to a new field. 

The same general causes of color phenomena, namely, the change of a 
colorless compound into an isomeric colored form by a molecular re- 
arrangement, Hantzsch found to exist in the nitrohydrocarbons, nitro- 
ke tones, 1 and nitrophenols. 

/NO, 

Colorless dinitroethane, 2 CH S — CH/ , dissolves in sodium hydroxide 

X NO t 

with a yellow color. This color Hantzsch supposed to be due to a salt of 


/NO, 

a compound of a tautomeric form, H 8 C — 

OH(M) 


which contains a 


O 

Chromophore, and in which there is a union of some sort between the 
nitro groups. 

Such colorless substances which yield colored salts he classed among the 
pseudo acids, 9 This view of changing structure as the cause of color is con- 
firmed by Hedley’s 4 spectroscopic studies of nitroparaffins and their salts. 
After years of work on nitrohydrocarbons, Hantzsch was able to prove this 
theory. In 1906, Hantzsch and Gorke 6 obtained such isomers, not as metal 
salts, but as esters of nitrophenols. The formulas show this type, one 


colorless, ^ ^ >— NO„ and the other intensely red, ^ N.OCH,. Here 


O 

at last was the confirmation of his theory of pseudo acids, for these crystal- 
1 Ber., 40, 1523. 

* Ibid., 32, 578, 6io, 626; 39, 3156; 40, 1533. 

•Ibid., 32, 578, 579, 583; 35, 1001. 

4 Ibid., 41, 1195. 

* Ibid., 39, 1073. 
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line esters of identical composition and lik^ molecular weight, but' 4 differi: 
in color, cannot have the same structure. This discovery was <also ; 
important addition to our knowledge of the relation of color to chemic 
constitution. It also proved 1 the falsity of Oswald's theory 3 that the col 
of salts of such colorless compounds as phenolphthalein is primarily d 
to the formation of colored ions. Additional proof that such color chan t 3 
are rather due to a molecular rearrangement has been well given t 
Hantzsch’s 3 work on helianthin and methyl orange, and that of Vorlandei 
Thiele, 6 and Hantzsch and Hilscher 6 on aminoazobcnzenes and their tw 
series of colored salts. 

Hantzsch and Rosanoff 7 obtained isomeric colored salts of substitute* 
metanitrophenols. One was lemon-yellow and unstable, easily changinj 

o 


into a stable red isomer. The structures 



Yellow salt 



Red salt 


been suggested for these isomeric colored salts, though* the question 
is a complicated one and remains unsettled. 

The existence of these Iwo forms of metanitrophenol salts suggests 
the possibility of the existence of metaquinones — as well, as two forms 
of o-benzoquinone. The latter were in reality found last year by Will 
statter, 8 one labile and colorless, and readily changing to the other stable 
and colored form. 



Colorless labile Yellow stable 
orthoquinones. 

Hantzsch and his co-workers extended these researches very widely 
over a period of several years and from a large amount of experimental 
data drew the following conclusion : All true nitro compounds of the hy- 
drocarbons and derivatives are colorless. 9 The nitro group is not a chro- 
mophore. Its presence in a molecule only gives color when it interacts 
with a neighboring group containing a labile hydrogen atom, as the OH 
or CH group, whereby a tautomeric form is created which contains a 
chromophore group — yielding colored salts and esters. Kaufmann, 10 how- 
ever, dpposes this theory. Hantzsch makes this of general application 
in his statement as follows: “Every appearance of, or change of, color of a 

1 Ber., 39, 1089, 1091. 

* Die Wissenschaftliche Grundlagen der analytischcn Chemie, 1894, p. 104. 

* Ber . , 41, 1187, 1193. 

4 Ibid 36, i486. 

4 Ibid., 36, 3965. * 

• Ibid., 41, 1171. 

7 Ibid., 39, 1073, 1084; 40 , 1535 - 

• Ibid., 41, 2580. 

9 Ibid., 39, 1084, 1096. 

10 JW*. 39 , * 959 * 4237 - 
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compoytid in salt formation with colorless metal atoms is to be ascribed 
to an intramolecular rearrangement.' * Such a phenomenon as indicated 
here Kc calls chromotropy , and the isomeric substances, chromoisomers. 

A/f interesting application of this chromo tropic theory is to those 
compounds, like x phenolphthalein, methyl orange, amiuoazobenzene, 
a tjfa others, which rapidly undergo color changes in salt formation in solu- 
tions. 


' , . OvO- 

The formula o 


OH 


e . shows Baeyer’s lactone structure 

6 'XZ> " H 

for phenolphthalein. 

The well-known violet-red color of a phenolphthalein solution, when 
alkali is added, was supposed by in any to be due to a monobasic salt, 


Ox 

I 

MOOC 


x=> <* 

x O“° H 


In 1905 Meyer and Spengler 1 succeeded in 


separating and analyzing the red salt and found if dibasic, but considered 
its color due to halochromy. Baeyer 2 who also held this view of color 
rejected it in 1907, as did also Richard Me ye f 8 last July in favor of the 
quinoid structure and tautomerism in the salts, as a cause of the color in 
phenolphthalein solutions. This idea had previously been suggested 
by Stieglitz and Acree. 4 Friodlander 5 had in 1893 assumed the presence 


of a red dibasic salt and had suggested t he formula 


■CZX <KZ2>‘ 

o- 


o 


MO s C 


\ 


which contains a quinoid ring, as the cause of color. Richard Meyer and 
Marx 0 showed, two years ago, that the production of color in colorless 
phenolphthalein solutions was due to a molecular rearrangement and the 
formation of a quinoid group. They were not able to show this in the 
salts, but with the corresponding e sters. These the) obtained in isomeric 
form and assigned the following structure to the yellow unstable one, 
which easily changes over to the colorless stable fotm, which contains no 
chrornophore group : 


q\ c //0- <* 

C.H.OOC L y~ ;> _r K: „ 
Yellow crystals, labile 



Colorless crystals, stable 


In this they indicated the tautomeric character of the change during 
color formation with phenolphthalein solutions. The color reactions and 

1 Ber., 38, 1318; 41, 2446. 

2 Ann., 354 , 152. 

1 Ber., 42, 2832. 

• Am. Chem. J ., 39, 543, 650 and 651. 

’ Ber., 26, 172. 

3 Ibid., 40, 3603. 
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formation of colored esters in phenolphthalein cannot, however, fully 
explained by the mere presence of the quinoid rmg alone as chromop ^ 0 re. 
Arthur Green 1 in a recent paper (June last) has called attention td\ the 
fact that if, in this yellow quinoid ester, sodium be substituted for ^he 


ethyl radical in the phenol group ^ o 

^>ONa 


a very 


de^Lp 


c,h 5 o,c 


violet-red color is produced. This decided deepening of color cannot be 
due to the sodium atom as such, as it is not a chromophore, but in some 
way to its interrelation to the neighboring quinoid ring; in other words 
the phenol and quinoid groups interact as a strong chromophore. Such 
interaction of groups was proposed by Dr. Stieglitz 2 in his quinhydrone 
theory, to explain color formation, not only in phenolphthalein, but also 
in the rosanilines, rosolic acids, and eosins. He believed the presence of 
a quinone and a phenol group gave color by virtue of an intra- or inter- 
molecular condensation, forming quinhydrones, compounds whose salts 
have intense colors, as we shall soon note below. / 

Baeyer 3 has recently discussed similar cases of color intensification. 
Oxo- and imino- triphenylme thane (the former called fuchsone) are only 
faintly colored orange, but an intense deepening of color is produced by 
simply introducing an hydroxyl, and an amine group respectively, in an 
adjacent phenyl group, and forming salts. 



Fuchsone, orange Benzaurin, violet-red 



Iminotriphenylmethane (salt), 
orange 


o 


xz>- 


Dobner’s violet, 
violet-red 



Phenolphthalein. colorless Salt, violet-red 


The mere presence of these added groups can neither explain this 
deep color change, nor the remarkable fact that the red salts have inden- 
tical absorption spectra — and therefore, identical color. They are also, 
in this respect, identical with the red salts of phenolphthalein. This is a 
very strong argument in favor of like structure in all three compounds. 
Such similarity of structure is not shown in the above formulas. Baeyer 

1 J. ChewQlnd., 28, 638. 

* Am. Ckem.J,, 39, 651, 529, 431. £ , , ; 

* Am. f 354, 152. _ 
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has, hpwever, sought to indicate it 1 by assuming a rapid oscillatory 
change of the quinoid structure from one ring to the other, involving a 
corresponding movement of both the sodium or chlorine atom from oxygen 
to oxygen or nitrogen to nitrogen, respectively — and likewise an oscillation 
oik carbon to oxygen, or nitrogen, valence, as shown below: 




Benzaurin PSbner's violet 

An auxochrome group is here shown to act not by its presence only, 
but by its interrelation or action with the rest of the molecule. This 
has also been clearly shown by Hantzsclr' in the colored salts and esters 
of the colorless nitrophenols. 

In interesting papers in the American Chemical Journal of April, 1908, 
and July of the present year on the subject of indicators, Acree and 
Slagle 11 assert that in addition to such quinoid and lactoid dibasic salts 
of phenolphthalein as shown here, 


O NaO ONa NaO 



Quinoid 

O — Na O 



Lactoid 


a third form exists, 


V / , to which the color may be largely 

nsc/ 

I 


2. 

* Ber. % 3Q, 1073, 1084; 40, 1535. 

* Am. Chem. 42, 122. 
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Absorption bands in 
Ultraviolet 
Violet 
Indigo 
Blue 

Blue-green 
Green 

Green-yellow 
Yellow 
Orange 
Red 
Purple 
Ultrared 

The absorbed color is the complement of the color apparent to eye. 

Baeyer's explanation of the intense color caused by salt formation 
in benzaurin and Dobner’s violet as shown in the above formulas is an 
extension of Hartley's idea of intramolecular vibration and of the idea 
of isorropesis. 

Equally interesting are the researches of Stewart, Baly and Desch. 1 
They studied the absorption spectra of many unsaturafed compounds, 
among them tautomeric substances which have a labile hydrogen atom 
capable of wandering to an adjacent carbon or oxygen atom. Such is 
acetoacetic ester, and its sodium salt, which have the tautomeric forms: 

CH 8 — C - O 

i _ CH 3 — COH(Na) 

1 yH(Na) — ♦ || 

HC— CO.R * HC - CO,R 

They found 2 in such compounds, and their tautomeric derivatives, 
that either form alone had little effect on the spectrum, but when light 
was passed through a solution in which both were present in tautomeric 
equilibrium, that characteristic absorption bands appeared. From this 
they concluded that it is not the fixed structure of a desmotropic molecule 
which causes absorption, but that it is due to the rapid oscillating change 
of atomic linking which occurs as a molecule changes from one form 
over to the other and reverses, which causes vibrations synchronous with 
certain light waves which thereby become absorbed, giving absorption 
spectra and consequently color. This rapid oscillating vibration of the 
valences, when unaccompanied by tautomeric atomic movement, they 
have called isorropesis 3 (equipoise). It can be most simply illustrated 
in the case of diacetyl or oxomalonic ester; in which the rapid oscillating 
change of double bonds between adjacent carbonyl groups is shown. 
It is not supposed that such isomeric forms really exist, but that the for- 
mulas represent the limiting conditions of such dynamic changes within 
a molecule of such a colored substance. 

O ~ C — CH* O - C - CH # 

i \ \\ 

O = C - CH, * O — C - CH, 

Diacetyl, yellow 

1 J. Chem. SOc., 85, 1029; 87, 766; 89, 502, 514, 618; 91, 426, 157a; Prcc. Chtm. 
Soc., 22, 33, 34, 35 (1906). 

* J. Chem. Soc., 85. 1029, 1039; 89, 489. 

» Ibid., 89. 498, 513. 
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j s * If we consider, then, these interesting optical results in the light of our 
c :/present ideas of the constitution of the atoms, we should seek the final 
J cause of 'Color, in a disturbance of the equilibrium of electrons within 
the atoms, induced by the breaking of the Faraday tubes of force between 
the 'atoms. This is represented by our bonds or valence lines undergoing 
rapid oscillatory changes as suggested in the formulas above. We might 
well expect such a disturbed equilibrium to produce or annul ether vibra- 
tions of the order of those which produce color, and thus account for the 
absorption bands in the spectra of numberless organic compounds showing 
visible as well as invisible color. 

University of Illinois, 

Urbana, III. 


NOTES. 

The Instability of Alloxan . — On returning to the Chemical Laboratory 
after the summer vacation last year I found that an explosion had taken 
place in the case of specimens of organic chemicals in the lecture room. 
A pane of glass was pierced by a round hole as large as my fist and pieces 
of glass had been forcibly projected against the opposite wall of the room, 
ten feet from the case. Within the case quite a number of bottles were 
ruined. A careful examination of them showed very plainly that a bottle 
of alloxan containing 10 grams had been the cause of the wreck. This 
sample of alloxan had been in the case for several years and the past 
summer was an unusually cool one. I was not aware that alloxan had 
any such property and have been unable to find that it is subject to any 
such behavior. Aevin S. WheeeER. 

University of North Carolina 


The above note by Professor Wheeler on the instability of alloxan is 
of peculiar interest to the writer. 

Several years ago, upon, my return to the laboratory at the close of the 
summer vacation, I found that an explosion had occurred in one of our 
cupboards for fine organic chemicals. The force of the explosion shat- 
tered all the neighboring bottles oh that end of the shelf, so that it was 
impossible to tell which particular bottle was responsible for the trouble. 
We checked up all the missing bottles by our shelf list, but among those 
destroyed there were none that we had ever heard mentioned as likely 
to decompose with explosive violence, and the matter remained very 
much of a mystery. Prof. Wheeler’s article seems to solve this mystery, 
for among the wreck and ruin of broken glass in our cupboard were found 
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portions of a bottle of alloxan which, according to our shelf list, ^ ou id 
have been standing about where the explosion occurred. 

Marston Taylor Bogei 

HiVEMEYhK I,\I»ORA TORIJtS COI.HMBIA UNIVIiKSl'lY 

An Improved Siphon . — In our laboratory practice we have felt the neec 
of a more efficient siphon than is now found on the market. In an effort 
to improve upon this form of apparatus, we have constructed a small 
glass siphon that combines simplicity of construction and ease of manipu- 
lation, and is especially adapted to extraction work with non-miseible 
solvents. 

The siphon is really nothing more than a branched pipette, with the 
branch entering the bulb of the pipette as represented in the figuie. The 

branch arm A consists of heavy 
capillary tubing with a 2 mm. 
bore, while the other glass parts 
are made of the ordinary thin 
glass. The bulb C has a capacity 
of 5 cc . w hich is ample for 01 - 
dinary operations." Tube B is 22 
mm. long, having an internal 
bore of 3 mm. The lower end of 
this tube is fitted with a shott 
piece of rubber tubing, and is 
opened or closed by means of a 
small spring clamp. The upper 
end of the siphon is fitted with 
a small rubber bulb. Tube A is 
fitted with a cork having a ver- 
tical slit along the side, and fit- 
ting t he separatory funnel or 
flask containing the liquid to be 
siphoned. 

To operate the siphon, tube A 
is introduced into the liquid. 
The rubber bulb D is compressed, 
and the clamp at E closed. By 
gently releasing ihe pressure on 
the bulb, enough of the liquid 
will be drawn into B to start 
it to siphoning when clamp E is opened. 

No other support, besides the cork, is necessary to hold the siphon in 
position. The hofe through the cork should be large enough to permit 
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B )n to be raised or lowered during the operation. Tube A is made 
glass to give firmness to the siphon, and has a small bore to allow 
op of liquid in it to be transferred. 

)rm of siphon not only can be operated rapidly and conveniently, 
liminates the danger of drawing the liquid into the mouth, or 
g offensive and poisonous vapors, which sometimes happens 
Avith *vhe ordinary form of siphon. 

Where it is absolutely necessary to avoid all contact with rubber, a 
piece of paraffin or wax may be pressed against the opening of the tube 
at E, until B is filled. A glass stopper might be inserted at E % but we 
consider that unnecessary. 

The siphon is not only adapted for the removal of solution extracts 
but is applicable for the removal of supernatant liquids, where decantation 
would disturb the precipitate at the bottom ; or for drawing off standard 
solutions, reagents, etc. It is especially convenient when colloidal solu- 
tions are to be filtered, or where one filtration requires several hours. 
In such cases the flow through the siphon is regulated by means of a chip 
of wood, holding the spring clamp open, so that the drip through the 
siphon equals that through the filter. 

C. A. Jacobson and S. C. Dinsmore. 

Nevada Adkiculi urai. Experiment Siation, 

Reno, Nevada. 
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Neuvifeme Congrfes International de Geographic. Geneve. 27 Juillet-6 Aofit, 

1908. Compte ilendu des Travaux du Congres. T. I. Organisation du Con- 
grbs. 11 . Travemtx Scientifiques. A. Stances Generates. Geneve, 1909. pp. 
xv 4 - 4751 pi- v; Figs. 15. 

This report contains an account of the organization of the 9th Inter- 
national Geographic Congress held at Geneva in the summer of 1908. 
The character of the Congress is indicated by the fact that it was attended 
by 303 delegates, representing 24 governments, 32 universities, 81 geo- 
graphical societies, and a number of other scientific organizations. In 
addition to the numerous social functions enjoyed by the membership 
in general, ajlarge number of excursions and conferences were participated 
in by small groups of members. The number of papers read before the 
Congress was^aturally great, but only a few possess any but a geographic 
interest. Only the non-technical ones appear in the volume under re- 
view. Of these the paper of most general interest is that by A. Penck, 
in which an account is given of the gratifying progress made toward se- 
curing a map of the entire world on the uniform scale of 1 : 1,000,000. 

W. S. Bayley. 

Wall Charts for Sugar Chemists: I. Table for Finding the Sucrose Content of Juices , 
clarified with 10 per cent, of subacetate of lead from the specie gravity of the 
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original juice, and the readings in a Schmidt and Hansch polariscope ^ en ob- 
served in a 200 mm. tube. II. Tables for the Correction of the Brix Hydrof^ ier at 
Different Temperatures, (a) When the hydrometer is tested at 84° F. (6) When 
the hydrometer is tested at 17.5 0 C. Published by Norman Ro? g ®*> 
Altrincham, England. Price 5/-net for the two, or 3/-net for either. Foreign 
postage 6d extra. 

The subject matter of these two charts is familiar to every sugar chemis* 
having been taken from Prinsen Geerligs’ “Methods of Chemical Control 
in Cane Sugar Factories.” The larger chart for finding the sucrose content 
of juices has a range of 0.5 to 24 0 Brix for polariscope readings extending 
from 1 to 90, the sucrose content for these limits ranging from 0.29 per 
cent, to 23.41 per cent. The smaller chart for correcting Brix hydrom- 
eters has a range of corrections for readings' from o° to 75 0 Brix for 
temperatures extending from 15 0 C. to ioo° C. and 6o° F. to 212 0 F. 
The two charts are mounted upon cloth and suitable for hanging upon the 
wall of laboratory or office. This new arrangement of Mr. Geerligs’ 
excellent tables will be found a great convenience to jhe sugar chemist. 

C. A. Browne. 

Le Cinquantenaire de l’atomecanique ou de la Mdcanique des atonies. I. Quelques 
lettres de quelques ColUques Membres de ITnstitut. II. Supplement. III. Fragments 
inUits. By Gustavus D. Hinrichs, St. Louis, Missouri. 64 pp. 4 0 ; illustrated. 

This brochure contains excellent pictures of a number of eminent 
chemists who have written to the author from time to time and facsimiles 
of some of their letters. The supplement gives extracts from a number 
of Professor Hinrichs’s publications of the past half century. In the 
fragments several diagrams illustrating the author's method of calculating 
atomic weights are published for the first time. * W. A. N. 

Manuel thdorique et pratique d’analyse volumdtrique. Par Louis Duparc, Professeur 
de mindralogie et de chimie analytique et Directeur des laboratoires d’analyse 
min6rale de 1’ University de Genfcve, et Maria Basadonna, Privat docent k P 
University. Avec 12 figures. 8vo, 170 pp. 1910. Paris: Felix Alcan. 

This book is primarily designed for the instruction of pupils in the 
laboratory, a fact which probably accounts for the omission of nearly 
all matters of theory or of an explanatory character. A clear definition 
of normal solutions and brief descriptions of the most important volumetric 
apparatus are given and about two pages are devoted to the calibration 
of the latter. The analytical methods chosen for presentation are well 
selected and the descriptions are as lucid as is compatible with the highly 
condensed form of presentation adopted throughout. Many readers 
will regret that the author has restricted himself to one method for the 
standardizing of each solution, thus providing for no control over the 
accuracy of the work. Indeed, standardizing is sometimes omitted 
entirely, except by the second-hand way of comparison. 
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A smrprisiiigly large number of individual determinations are described, 
considering the modest size of the volume, and are given in sufficient 
derail to serve as a needed reminder to one who has previously used the 
Methods. The very ' short account of the theory of indicators entirely 
£ gnores the important work of the last five years, which has for the first 
? time cleared up the main questions involved. 

v The work is very suitable for use in conjunction with thorough class 
instruction and may be welcomed as filling a field not yet satisfactorily 
occupied by other treatises comparable with it in size. There is no index, 
but only a tolerably full table of contents. L. W. Andrews. 
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I. General Considerations. lvio r ^ 

1. Purpose of the Article.— Although the 'planation of the bt 

of neutralization indicators, originally given byOstwald, 1 was one o >ns 
early triumphs of the Ionic Theory, and although many investigate 
upon indicators from a physico-chemical standpoint have since by 
made, yet the quantitative development of the theory of indicators in * 
systematic form immediately applicable to the problems of volumetric 
analysis seems not to have been undertaken. 2 It is the purpose of this 
article to present such a development. 

The following discussion, owing to the large number of factors and 
special cases to be considered, unfortunately involves a somewhat lengthy, 
though comparatively simple, mathematical treatment. The reader 
who is interested in the results, rather than the method of derivation, 
is therefore recommended, after reading Sections 3 and 5 of this Part of 
the article, to pass directly to the Summary at the end, in which an at- 
tempt has been made to present the conclusions fairly completely and 
connectedly in a form in which they can be directly applied to the prob- 
lems of volumetric analysis. 

2. The Chemical Nature of Indicators. Equilibrium Relations of the 
Tautomeric Forms. — The original explanation of the behavior of indicators 
suggested by Ostwald was based on the simple hypothesis that the slightly 
ionized indicator acid or base has a different color from that of its ionized 
salt, into which it is converted by the addition of alkali or acid. More 
recent work has, however, shown that this explanation is inadequate in 
view of the well-known relations between the color and the structure 
of organic compounds, and in view of the results of the special investiga- 
tions of Bemthsen, Nietzi and Burckhart, Hantzsch, and others on tau- 
tomeric colored substances. 3 It is in all probability true that a neutral- 
ization indicator always consists of tautomeric substances 4 of two different 
structural types possessing different colors, one of which types greatly 
predominates when the indicator exists as a slightly ionized acid or base, 
and the other when it exists as a largely ionized salt. Thus, the indicator 
may consist of a mixture of two tautomeric acids, HIn' and HIn*, the 
equilibrium between these two acids being such that the acid HIn' is 
present in greatly predominating quantity. Owing to the fact, how- 

1 Lehrbuch der allgemeinen Chemie, x, 799 (1891). See also his Wissensch. Grand- 
lagen der anal. Chemie , 3rd edit., pp. 1 1 7—23 (1901). 

* It should be mentioned, however, that a brief treatment of a part of the problem 
has already been given by McCoy (Am. Chem. J. t 31, 512-6 (1904)), and by Salm (Z. 
physik. Chem. t $7, 497 (1907)). 

* For a discussion of this matter, see Stieglitz, This touiwAi*, 25, 1112-20 (1903). 

4 From the modern standpoint tautomeric substancRtnay be defined as isomeric 

substances which tend to go over into each other directly in one direction or the other 
until equilibrium is reached. * 1 
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ever, that the acid HIn" has a very much larger ionization-constant, 
its salt is formed in much larger proportion than that of the other acid 
when the mixture is neutralized ^ ^1 a base. Hence a change in color 
takes place in correspondence with the different structural type which 
predominates in the acid and alkaline solution. It has been shown by 
Stieglitz 1 that the conditions just stated do not make necessary any 
substantial modification of the equilibrium relations of indicators, so far 
as their behavior in titrations is concerned. 

Since the limitations just mentioned with reference to the relative 
concentrations of the different forms are not in all cases necessary, it 
seems desirable to treat the matter from a somewhat more general stand- 
point, as follows. 

Let us consider an acid indicator composed of two tautomeric sub- 
stances, HIn' and HIn", which when neutralized with a base BOH are con- 
verted into the corresponding salts Bln' and Bln", these being largely 
dissociated into the ions B + , In' - and In" - . In order that an indicator 
may be satisfactory in the respect that it show a sharp color-change on 
neutralization, it is evidently essential that the following conditions be 
fulfilled: (r) One of the structural forms must be colorless and the other 
colored; or else, the two structural forms must be of distinctly different 
colors. (2) Either form that may be colored must not exist in appreciable 
proportion in both acid and alkaline solutions. 

In accordance with these general conditions, the three following cases 
may occur, the convention that the indicator shows in acid solution the 
color corresponding to the form HIn' being employed in their formulation: 

(a) The indicator is colorless in acid and colored in alkaline solution. 
Hence HIn', Bln', and In' - are colorless; HIn", Bln", and In"” are colored; 
and (HIn") /(HIn') 2 must be very small. 

( b ) The indicator is colored in acid and colorless in alkaline solution. 
Hence HIn', Bln', and In'” are colored, HIn", Bln", and In"- are color- 
less, and (In'”) /(In"”) must be very small. 

(c) The indicator has two sharply differentiated colors in acid and 
alkaline solution. Hence HIn', Bln', and In'” have one color; HIn", 
Bln", and In"” have a different color; and both (HIn") /(HIn') and 
(In' - )/ (In"”) must be very small. 3 

Corresponding criteria for a satisfactory color-change can also be 
readily formulated for the case of a basic indicator existing in alkaline 
solution in the two structural forms In'OH and In"OH, which when 

1 Loc . cit t p. 1122. 

2 Throughout this article symbols enclosed within parentheses denote the molar 
concentrations of the substances represented by the symbols. 

* For evidently, if there were present a considerable proportion of HIn" in the add 
solution, or of In' - in the alkaline solution, a mixed color corresponding to the super- 
posed colors of the two structural forms would result. • 
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neutralized with an acid HA are converted into the corresponding salts 
In'A and In"A, these being largely dissociated into the ions In' + , In*+, 
and A~. It is not, however, necessary to formulate these conditions 
here. 


We may next derive a general expression (as has previously been done 
by Acree 1 ) for the equilibrium-relations of any pair of tautomeric adds 
and their ions. The three fundamental equilibrium equations are as 
follows: 


(H+) (In'-) 
(HIn'~) 


(i) 


(H +)(In*-) 

(HIn*) 


<*) 


and 


(Hln'Q 

(HIn') T * 



Multiplying (2) by (3), adding (1) to the product, and subst* vting iij 

. ... ,ttt ,x ** , (HIn') 4 - (HIn*) . 

the denominator for (HIn ) its value - — r- given by \ \ 

I 1 /V T 


get: 

(H + )[(In'“) + (In-)] */ 4 KfKj ' 

(HIn') + (HIn*) “ 1 4 - K r “ IA W 

If the indicator is a base existing as the two tautomeric substances 
In'OH and In"OH, having ionization constants K x and K / and a tau- 
tomer constant K r defined by equations analogous to (1), (2), and (3), 
the general expression for the equilibrium between the ionized bases and 
their ions is: 


(OH~)[ (In'+) + (In**)] K x f + K X 'K? 

(In'OH) + (In*OH) ~ 1 4 K r IB {S} 

In these expressions a single constant K lh or K lB has been introduced] 
in place of the function of the three constants K Xi and K r . This 
constant K lA or K IB will throughout this article be called simply the 
ionization-constant of the indicator add or base. 


The constant so calculated for a pair of tautomeric acids or bases canj 
evidently be substituted for the ionization-constant of an ordinary (non-J 
tautomeric) acid in any derived expression, provided the 
two ion-concentrations and the sum of two add or base concentrations 
are the quantities that are known or are to be calculated. Thus the 
ionization-constant for a pair of tautomeric adds or bases as determined 
by conductance measurements would be that expressed by equation (4) 
or (5), since it is the sum of the ion-concentrations that ate determined 
by such measurements. So also the degree of hydrolysis h of the sodium 
salts of a pair of tautomeric adds would be expressed, like that of the 

1 Am. Chem . 38 , 19 (1907). ' 
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salt of an ordinary acid, by the familiar equation, 1 


r*VC K w 
r(i-h) k a • p 

vided K Ai the ionization-constant of the tautomeric acids, be calculated 
by an expression of the form of equation (4) ; for it is the sum of the two 
forms of the acid that corresponds to the hydrolyzed portion, and it is 
the sum of the two forms of the salt that corresponds to the unhydrolyzed 
portion. 2 

Equations (4) and (5) can evidently be used to express the color changes 
exhibited by indicators or other tautomeric substances when, and only 
when, the intensity of the color is substantially proportional to the sum 
of the concentrations of the two tautomeric acids or bases, or to the sum 
of the concentrations of the two tautomeric ions. It has already been 
seen, however, that for a satisfactory two-color acid indicator (case c) 
the sum (HIn') + (HIn") must be substantially identical with (HIn') 
and the sum (In') -f (In"’) substantially identical with (In"’). It has 
also been seen that for a satisfactory one-color acid indicator (case a or 
b) either the former or the latter of these two identities must hold true; 
and it may now be pointed out that the intensity of the color is propor- 
tional to the other sum involved, namely to (In'") -f- (In"’) in case a, 
and to (HIn') + (HIn") in case b. This follows from the fact that these 
sums are proportional, in virtue of equations (1), (2), and (3), to (In"’) 
and to (HIn') respectively, which are the substances on which the color 
alone depends in the two cases. From this it follows, in case a for example, 
that the ratio, of the color intensity of the indicator when partially trans- 
formed into its salt, to its color intensity when completely transformed, is 
equal to the ratio of the sums of the concentrations of the colored and 
colorless salts in the two cases. , Similar conditions prevail in the case 
. of two-color and one-color basic indicators. 

Equations (4) and (5) may therefore be employed to express the equilib- 
rium relations and color relations of such indicators as are included 
under cases a, 6, and c described above and under the corresponding 
cases applicable to basic indicators — that is to say, of such indicators as 
can show a sharp color-change on neutralization. These equations will 
therefore be made the basis of the considerations presented in the next 
section; but for greater simplicity, (In’) will hereafter be written for 
(In'~) + (In"’), (HIn) for (HIn') + (HIn"), (In+) for (In' + ) + (In"+), 
and (InOH) for (In'OH) + (In"OH), thereby showing also that the in- 
dicator behaves as if it were a single acid or base. 


1 In this equation K w is the ionization-constant of water, the ionization of the 
free NaOH, and C the concentration and 7 the ionization of the salt in the solution. 

* The contrary opinion expressed by Acree (Am, Chem. 38, 35 (1907)) and his 
COiidusion that the mass-action law would permit salts of tautomeric adds to exhibit 
“abnormal hydrolysis/* even though equilibrium has been attained, seems to the 
write dearly erroneous. 
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A satisfactory indicator must also fulfil the following conditions: 

(d) The conversion of one tautomeric form into the other must take 
place almost instantaneously, for otherwise equilibrium will not be at- 
tained under the conditions of the titration. 

(e) The color-change must be wholly due to the conversion of one 
tautomeric form into another; and it must moreover be determined only 
by the hydrogen-ion concentration, and not to an important extent by 
any other factor that may be involved, such as the presence of neutral 
salts in the solution . 1 

It is only to indicators which substantially fulfil these conditions that 
the principles presented in the following pages apply ; and it is an important 
experimental problem to determine to what extent each special indicator 
conforms to these requirements. 

3. Equilibrium Relations of Indicators with Reference to the End-Point 
of Titrations. — The end-point of a titration may be described as th^ con- 
dition attained when such quantities of base BOH and acid HA hatfe 
been mixed that, as shown by the color-change, a definite fraction a of 
the indicator acid HIn is transformed into its salt Bln, or a definite 
fraction a of the salt InA of the indicator base is transformed into the 
free base InOH, the indicator transformation being for the sake of definite- 
ness considered always to have taken place in the direction from acid to 
alkaline, in whichever direction the titration rnay actually have been 
made. For the ratio of the untransformed to the transformed fraction 
we then have, when the indicator is an acid, 

1 — a „ JHIn) (HIn) 

a = (lir) + (Bln) ~ (Irr)/? (6) 

where y represents the ionization of the indicator salt, which can be 
regarded as equal to the average value for other salts of the same (uni- 
univalent) type. 

The ratio of the untransformed to the transformed fraction, when 
the indicator is a base, is: 

1 Thus Michaelis and Rona (Z. Elektrochem., 14, 251 (1908)) have shown that the 
color of Congo red is greatly influenced by neutral salts, especially by those with biva- 
lent and trivalent metallic elements, owing to coagulation of the particles of the indica- 
tor. They also state that the colors of methyl violet and (to a less extent) of methyl 
orange and phenolphthalein are similarly affected by neutral salts, though it is not 
shown that the effect is here due to the same cause. Several investigators have shown 
also that a small proportion of alcohol has a relatively large effect in discharging the 
color of phenolphthalein (cf. Hillebrand, This Journal, 30, 1914 (1908)). Xlie re- 
searches of Acree (Am. Chem . 39, 528 (1908)) and Wegscheider (Z. Elektrochem ., 
x8, 5x0 (1908)) upon phenolphthalein have shown, moreover, that the behavior of an 
indicator may be complicated by its acting as a dibasic acid (thus making possible its 
existence in any of the six forms H # In, H,In', HIn", HIn'", In**, and In ,ass ). 
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I — « (In+) + (InA) (In+)/ r 

a (InOH) (InOH) ' (7) 

We may eliminate from each of these equ&tions the concentration- 
ratio in the last member by combining with it the first or second of the 
following ionization equations, which correspond to equations (4) and 
(5) considered in the last section: 


0-1+) (In-) _ 

~ (HIn) ~ * IA ' 
(OH-)(In_*J 
(InOH) = IB ' 

The combination of these equations with (6) 
to the following results: 


( 8 ) 

( 9 ) 

and (7) evidently leads 


(I-I+) 


(x — a ) /via 


ay 


: and 


(10) 


(OH") 


aKm 


(") 


(II+) 


( 13 ) 


(1 — a)r 

If in the last equation we substitute for (OH~) the value of it given 
by the mass-action equation expressing the ionization of water, 

(H f )(OH~) - K w , (12) 

we get the following expression : 

(1 — a)yK w 
aK 1B 

Equations (10) and (13) are the fundamental equations upon which 
the theory of indicators is based. They express the principle that in any 
titration with a given indicator the end-point (determined so as to cor- 
respond to a definite color-change) is reached when the hydrogen-ion con- 
centration in the titrated solution attains a definite value , and that the end- 
point is determined solely by that concentration. This definite value 
varies, however, with the ionization-constant of the indicator, and with 
the proportion of the indicator transformed. 1 


1 It follows from this principle that the ionization-constant of an indicator can be 
determined, as has been done by Friedenthal, Salessky, Fels, and Salm, by adding it to 
a series of solutions of decreasing hydrogen-ion concentration until the color-change 
shows that a definite fraction of it has been transformed. Conversely, the unknown 
hydrogen-ion concentration in any solution (for example, in that of a very weak acid 
or hydrolyzed salt) can be determined by adding to it a series of indicators of de- 
creasing ionization-constants'— a principle previously applied by Salm and others. 
This principle may be expected, on account of the ease with which the experiments 
can be made, to have many important technical applications, especially in cases where 
a small degree of acidity or alkalinity is to be approximately determined. In place of 
a series of indicators, the use of a single indicator (2,5-dinitrohydroquinone) which 
shows a series of markedly different colors in solutions varying in hydrogen-ion con- 
centration by powers of 100 from 10"** to 10“ 12 has recently been proposed by Header- 
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It is evident from a comparison of equations (io) and (13), since the 
value of (H + ) determines the end-point, that a basic indicator of ionization- 
constant K lB behaves exaetly as if it were an acid indicator having an 
ionization-constant K lA equal to ? 2 K w /K lB . Although it is for this 
reason impossible to determine from its behavior upon titration whether 
a given indicator is an acid or base, yet for practical purposes all that is 
essential to know about a basic indicator is the value of the constant, 
which an acid indicator would have that showed a behavior identical 
with that of the basic indicator in question. 

Mention may finally be made of the fact that the ratios K lK fy and 
K 1b /y that occur in equations (10) and (13) are equal to the ionization- 
constants that would be calculated if, disregarding the degree of ionization 
of the indicator salt, the color due to the latter were taken as a measure 
of the concentration of the indicator ion. That this is so becomes obvious 
upon dividing both members of equations (8) and (9) by j. For the 
ratio A' IA /^and for the ratio ^A W /A IB will hereafter be written # situply 
K v and this will be called the apparent ionization-constant of the indicator. 

4. Experiments Illustrating the Relation between the Color-Change of 
Indicators and the Hydrogen - 1 on Concentration. — The fundamental prin- 
ciple of the theory of indicators and the fact that the various indicators 
change color at different hydrogen-ion concentrations may be illustrated 
by the following experiments, which are described in a form adapted to 
lecture demonstration. 1 


Prepare one liter of each of nine solutions, whose hydrogen ion concentration 
differs progressively by each power of 10 from 10“ 3 normal to io“ 11 normal by pro- 
ceeding as follows: 

(H + ) — 10“* to io*' 8 : Make up for use in preparing these solutions 3 .liters of 0.1 
normal acetic add (concentration to be accurate within 5 per cent.) by dissolving 18.0 g. 
gladal acetic add in 3000 cc. distilled water. 

(//+) io~ 8 : Mix 570 cc. 0.1 normal acetic add solution with 430 cc. water, 

yielding a 0.057 normal solution of the add. For this case: 

(H + )(Ac-) - (H + ) 2 - XaCETAc) * (1.8 X 1 o’* 8 ) X (5.6 X io~ 2 ); therefore 
(H+) « io~ 4 . 

(// + ) — io"* 4 : Dissolve 0.020 formula wt. sodium acetate, equal to 2.7 g. 
NaCjHaOj^HjjO, in one liter of 0.1 normal acetic add. In this case: 

(H + ) - - <,.» X ,0-) - - 

(Ac) 0.9 X 2.0 X io“ 2 

(The 0.9 in the denominator represents the ionization of the sodium acetate.) 


son and Forbes (This Journal, 32, 687 (19x0)). Attention may in passing also be 
called to the fact that for the case that a - l /„ that is, that the indicator is half trans- 
formed, equations (10) and (13) assume the simple forms: 

<H+) - JWr and (H+) - 

1 To Mr. B. H. St. John, who ably assisted me in working out these experiments 
X desire to express my indebtedness, 
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(H + ) *■ io _ ": Dissolve 0.11 formula wt. sodium acetate, equal to 15.0 g. 
NaCjHjOj^HjO, in 500 cc. water, and add 500 cc. o. 1 normal acetic acid. In this case: 


(H+) - K k 


(H a Ac) - (1.8 X to-) - 5 b X IO "‘ 
(Ac) 0.8 X 0.11 


(//+) =» io~ 8 to 10- u . Make up 10 liters of a o.i formal 1 solution of Na 2 HP0 4 .i2H 2 0 
by dissolving 358 grams of the crystallized salt in this quantity of water. (As the 
concentration of this solution should be known within about % per cent., it is well as a 
control to evaporate a 100 cc. portion of it in a platinum dish and to ignite and weigh 
the residue of sodium pyrophosphate.) Prepare also a 0.1 normal solution of hydro- 
chloric acid and one of sodium hydroxide (or some other strong base), and determine 
their concentrations within o.3*~o.5 per cent. By mixing the phosphate solution in 
appropriate proportion with the acid or base, we may prepare solutions of the desired 
hydrogen-ion concentration; for the added acid or base converts the hydrophosphate- 
ion (HP 0 4 s “) almost quantitatively into dihydrophosphate-ion (H 2 P 0 4 ~) or into phos- 
phate-ion (P 0 4 ); and the ratio which the concentration of these must bear to that of 
the hydro phosphate-ion in order to give the desired hydrogen-ion concentration can be 
readily calculated from the ionization- constants (K 2 and K s ) of the second and third 
hydrogens of phosphoric acid as determined by Abbott and Bray. 2 We have namely 
the relations: 


(h 2 pot) (h+) (h+) d (P 0 4 ) K, 3-6 Xjoj 18 

(HP<V ) " K 2 “ 2.0 X 10- 7 ’ a (HP 0 4 - ; ) ^ (H+) “ ( H+) 

Substituting^the various values of (H + ) we may get the values of the first members 
of these equations, and from them by a simple transformation the values of the ratios 


given in the following table: 

( h 2 po 4 ) 

(P 0 4 ') 

(Hi*) 

( H 2 P0 4 ) + (HP<VO 

(P 0 4 “) + (hpo 4 =) 

10-® 

0.833 (0.850) 


10" 7 

0.333 (0.450) 

.... 

IO~ 8 

0.047 (0.050) 


IO“ # 

0.005 (0.0) 

.... 

IO~ 10 


0.0036 (0.030) 

IO Ml 


0.036 (0.140) 


(The values within parentheses are those derived by Salm (Z. physik . Chem., 57, 480 
(1907)) by an entirely different method, namely, by determining (H + ) by measuring 
the electromotive force of hydrogen gas cells containing the phosphate solutions as 
electrolytes.) 

These ratios evidently represent the fraction of the hydrophosphate in the original 
solution which is to be transformed by the addition of the acid or base. Assuming 
the latter to have the same formal concentration as the phosphate solution, then the 
various standards may be made up by mixing the quantities of the solutions shown in 
the following table: 


(H+). 

Na„HP 0 4 

solution. 

HC 1 

solution. 

NaOH 

solution. 

cc. 

cc. . 

cc. 

IO~* 

600 

500 

. . 

IO-* 

700 

350 


IO~ # 

IOOO 

47 

. . 

icr* 

IOOO 

5 

. . 

io-‘° 

IOOO 


3-6 

IO~M 

IOOO 

. . 

36 


1 In accordance with the practice of this laboratory, a solution containing % formula 
weights of solute per liter is designated an x-formal solution. ^ 

* This Journal, 760 (1909). 
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(The accuracy of the first of these standards is evidently especially sensitive to errors 
in the relative concentrations of the hydrophosphate and acid solutions, since so large 
a proportion of the former is converted into dihydrophosphate.) 

Arrange 27 lecture jars or large lecture test tubes in three rows of nine, preferably 
upon a wooden stand covered with white cloth or paper and made in the form of three 
long narrow steps, so that each row will be visible above or below the other rows. 
Place 200 cc. of the (H + ) = io” 8 solution in each of the jars at the left end of the 
three rows, 200 cc. of the (H + ) = io” 4 solution in the three jars next to these, and 
so on till all the jars are charged with the nine standard solutions. Place cards with 
large figures — 3, — 4, — 5, etc., pasted or marked upon them above each set of three 
jars. 

Prepare in small 100 cc. bottles about 100 cc. of the fallowing indicator solutions: 

(a) 0.5 per cent, solution of thymolphthalein (TP) in alcohol. 

(b) 0.5 per cent, solution of phenolphthalein (PP) in alcohol. 

(c) 0.5 per cent, solution of rosolic add (RA) in 50 per cent, alcohol. 

(rf) o.x per cent, solution of methyl red 1 (MR) in water. 

(e) extract of cochineal (Coe) commonly employed in volumetric analysis. 

(/) 0.1 per cent, solution of methyl orange (MO) in water. 

Place in each of these indicator solutions a straight tube about 15 cm. long aid 8, mm. 
in bore slightly constricted at its lower end. 

When the demonstration is to be made, add by means of the straight tubes, capped 
temporarily with the finger, about 2 cc. of the appropriate indicator solutiqps to the 
various jars in the manne^shown in the following table, where the letters represent 
the indicators to be added: 


IO” S 

IO ” 4 

IO ” 8 

IO“ # 

IO ” 7 

IO ” 8 

IO ” 8 

IO"** 

IO ” 11 


MR 

MR 

MR* 

MR 

TP 

TP 

TP 

TP* 

Coc 

Coc 

Coc* 

Coc 

. . . 

PP 

PP* 

PP 

PP 

MO 

MO* 

MO 

RA 

RA* 

RA 

RA 




The stars in the above table show the point al which the transition-color of the 
indicator is most marked. 

5. Discussion of the Indicator-Function . — In the following discussion 
we will for the sake of brevity substitute for the cumbrous expressions 
for (H + ) given in equations (10) and (13) a single letter k. That is, we 
will put: 

, (I — «)Xia (i — a)rX w 1 — <x 
k — — - K v (14) 

It is evident that k is a quantity that depends on the apparent ionization- 
constant of the indicator and on the proportion of it transformed in the 
titration. For brevity it will throughout this article be designated the 
indicator-function . 2 

1 A new, apparently very satisfactory indicator recently described by Rupp and 
Loose (Ber., 41, 3905 (1908)) and readily prepared according to their directions. See 
also C. A., 3, 523 (1909), 

3 In consequence of some complication, such, for example, as would arise if the 
indicator were a dibasic acid or if neutral salts influenced its ionization relations or its 
tautomeric equilibrium, the hydrogen-ion concentration may be some other function of 
the fraction transformed than that expressed by equations (10) and (*3). In 
case the true functional relation (H+)-f(a) might be determined by experiment; and 
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The function k plays a most important part throughout the following 
considerations ; and it will be seen later that when the titration is sensitive 
to errors, its accuracy is determined by the closeness with which a definite 
value of k can be realized. It is therefore well to consider in advance the 
practical conditions regulating the values of the two factors a and K x 
which determine k and their bearing on the quantity of indicator that 
should be employed. It is evident that theoretically any desired value 
of k could be secured with any indicator of any ionization-constant K z 
by giving a, the fraction of it transformed at the end-point, an appropriate 
value. To secure accuracy, however, a must be given (1) such a value 
that the eye can best recognize a small percentage change in its value, 
and (2) such a value that k will not be unnecessarily sensitive to the 
unavoidable error in so determining the end-point as to give the desired 
value of a. 

The second of these conditions, which can be treated very simply in a 
mathematical way, may be first considered. By differentiating equation 
(14), and dividing the result by the original equation, we get: 

dk dKj_ d a 
k Kj a(i — a) 

This equation shows that any small fractional error in a (represented 
by da I a) causes a fractional error in k (represented by dkjk) which is 
1/(1 ~a) times as large as that in a. The quantity 1/(1 -a:), however, 
evidently approaches a minimum value of unity as a approaches zero. 
Yet, it is to be noted that i/(i-a) does not change very greatly until 
a assumes a fairly large value; thus for a = 25%, 1/(1 — a) becomes 
only 1.33; so that any value of a up to say 25 per cent, is nearly as good 
as a much smaller value, so far as this effect is concerned. The con- 
clusion to be drawn is, therefore, that a should always be given a fairly 
small value, which may, however, if other conditions require it, be made 
as large as 25 per cent. 

If the indicator is being transformed in the other direction, by the 
addition of an acid rather than a base, and the color-change being observed 
is that corresponding to the form of the indicator whose proportion is 
represented by (1 — a), it also is true that the fraction of it so transformed 
must be relatively small. For the last term of the preceding equation 

can be written + ~ ^ * rom lt ls evident that the multiply- 

ing factor 1 / a approaches a minimum value of unity as a approaches 
unity. 

if k were then understood to signify the value of that function in any given case, all 
the formulas derived in the following sections of this article would still be valid; for 
in the derivation of them k merely represents the value which (H + ) has at the end- 
point of Jjjbe titration. ^ * 
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The other condition — that relating to the sensitiveness of the eye to 
the color-change — may be first considered for the case of one-color in- 
dicators, such a9 phenolphthalein, paranitrophenol, or cyanine, which 
are colorless in acid and colored in alkaline solution. Evidently in this 
case the definite depth of color, to a change in which the eye is most sen- 
sitive, may be attained by varying either the total concentration of the 
indicator (Sin) or the fraction (a) of it transformed, for the depth of 
color is proportional to the product a( 21 n). Therefore by adding 
different quantities of indicator we can often vary a within fairly wide 
limits without sacrificing sensitiveness, and thereby attain even with 
a single indicator of constant K l a fairly large variation in the value of 
k . Thus when the indicator is sufficiently soluble, it might well be prac- 
ticable to vary a from o.i per cent, to 25 per cent. 1 which would cor- 
respond to a variation of k from 1000 Kj to 3 K v A minimum value for 
a is, however, often determined by the fact that the solubility of the 
indicator in water is not sufficient to allow the necessary depth of color lo 
be secured without increasing a beyond that minimum value. 2 Thus, 
if I represents the value of the concentration a (Sin) of the transformed 
part of the indicator which gives the proper intensity of color, and if S 
is the solubility of the indicator (that is, the value of the concentration 
(Sin) in the saturated solution), the relation a>l/S, and therefore also 
5 / 

the relation k < — j — K v must evidently hold true. 

In the case of a one-color indicator, the relation between depth of 
color, concentration of indicator, and fraction transformed can be ex- 
perimentally determined by placing a measured quantity (1 to 5 cc.) of 
its solution in a graduate, adding 5 to 10 cc. of o. 1 normal alkali solution 
(whereby the indicator will be completely transformed) and enough 
water to make the volume 100 cc., and then diluting measured fractional 

1 The upper value of a here mentioned is so chosen as to accord with the con- 
siderations of the preceding paragraphs. The lower value, though not necessarily 
the limit in all cases, could hardly ever be much further reduced without adding an 
extraordinary amount of the indicator. 

For example, experiments that have been made with />-nitrophenol in the way 
described in the next paragraph thow that, if 10 cc. of its saturated solution in water 
were added to 100 cc. of water, a depth of color sufficient to constitute a satisfactory 
end-point would be obtained by transforming 0.1 per cent of the indicator into its 
salt. 

* For example, experiments made with phenolphthalein have shown that when 
the solution to be titrated is saturated with it, about 4 per cent, of it must be trans- 
formed into its salt to give such a depth of color as would serve as a satisfactory end- 
point. This minimum value of a corresponds to a maximum value of k equal to 24 
Ki> In the case of thymolphthalein, on the other hand, it was found that in an aqueous 
solutioti saturated with it a suitable color is obtained only when abput % of the indica- 
tor is transformed into its salt. 
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portions (say"io cc. and 1 cc.) of this solution to 100 cc. The resulting 
color corresponds to that which the quantity of indicator taken at the 
start gives to 100 cc. liquid when the fraction of it transformed equals 
the fraction ( l / 10 and V100) solution that was diluted. In this way 

the quantity of indicator that must be added to secure any desired frac- 
tional transformation and at the same time the desired depth of color 
can readily be determined. 

In the case of two-color indicators, such as methyl orange, dimethyl- 
aminoazobenzene, methyl red, cochineal, and rosolic acid, the fraction 
transformed can not be similarly varied without a great sacrifice of sen- 
sitiveness; for, owing to the fact that the indicator has a color in the 
untransformed state, the fraction transformed must have a considerable 
value in order that its own color itiay be visible. What the best fraction 
to have transformed is, depends on the character and intensity of the 
two colors which the indicator exhibits; but ordinarily it is probably 
between 5 and 20 per cent. 1 The value of k practically attainable with 
a two-color indicator which is being transformed by passing from the 
acid to alkaline condition and which has an ionization-constant K 1 is 
therefore ordinarily in the neighborhood of 10 K v On the other hand, if 
the color-change be determined in passing from the alkaline to the acid 
condition, and if say 9 per cent, of the indicator be transformed in this 
direction at the end-point (in which case 1 — a = 0.09 and a = 0.91), 
the value of k becomes l / 10 K v 

While a two-color indicator does not possess the same graded adapta- 
bility that a one-color indicator possesses, yet it will be seen from the 
illustration just given that the color-changes at both limits of its trans- 
formation may be utilized, provided the eye is sufficiently sensitive to 
both these changes. 

In the case of a two-color indicator, the relation between color-change 
and fraction transformed can be experimentally studied by preparing a 
solution of the indicator of any appropriate concentration, dividing this 
into two parts, adding a small quantity of hydrochloric acid to one part 
and of sodium hydroxide to the other so as to transform it completely 
in one direction or the other, then superposing in suitable tubes or beakers 
a layer of one of these solutions above a layer of the other, and looking 
through the two layers. The relative thickness of the two layers, or the 
concentration of the one or the other solution, may then be varied, and 
the colors compared. 

Summing up these considerations we may therefore say that we can 

1 Experiments made by me with methyl orange have shown that a satisfactory 
change of color in the direction from yellow to orange is secured when from 5-20 per 
cent, (depending on the concentration) is transformed, but that in the direction from 
pink to change from 20-30 per cent, must be transformed. 
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in general secure, in the case of one-color indicators (by using a suitably 
adjusted quantity of the indicator), and in the case of two-color indicators 
(by titrating in the one direction or the other), values of the indicator- 
function k which are given by the following expressions, in which K T is 
the apparent ionization-constant of the indicator: 

k > 3 Kj and < ^ ^ ^ Kj for one-color indicators of limited solubility S. (15a) 
k > 3 Kj and < 1000 K v for one-color indicators of sufficient solubility. (15ft) 


k ** approx. 10 Kj or ~ approx. */ 10 K v for two-color indicators. (16) 
It is to be understood, however, that these are only rough general 
estimates. It is therefore desirable to emphasize the importance of sup- 
plementing in any investigation of specific indicators the determination 
of their ionization-constants by an experimental study of the absolute 
concentration ( 7 ) which the colored form of the indicator must have in 
order to give a satisfactory color-intensity, of its solubility in water, 
and of the limits between which it is practicable to vary the fraction of 
it transformed. Only in this way will an exact application of the theory 
of indicators to volumetric analysis be made possible. 


6. Concentration of the Indicator . — Besides these limitations in regard 
to the fraction of the indicator transformed, there is for an entirely different 
reason a maximum limit placed on the total normal concentration (Sin) 
of the indicator. Namely, it is evident that the concentration of the 
indicator salt in the solution titrated to the end-point must in general 
be negligibly small in comparison with the molal concentration (C) 
of the salt produced by the neutralization of the base BOH and the acid 
HA; since otherwise an appreciable excess of the base BOH, if the in- 
dicator is an acid, or of the add HA if the indicator is a base, will be used 
up in combining with the indicator. Since the fraction of the indicator 
existing as its salt is a if the indicator is an acid, and is 1 — a if the in- 
dicator is a base, this condition in regard to the concentration of the in- 
dicator may be expressed as follows, if we represent by p the maximum 
fractional error that is considered permissible in the titration : 


(Sin) < — for an acid indicator. 


(* 7 ) 


r* 

(Sin) < ^ — for a basic indicator. (18) 

By these expressions the maximum quantity of indicator that may be 
added to a given volume of solution in any titration without introducing 
a fractional error greater than p may readily be calculated. 1 

1 Thus if an accuracy of o. 1 per cent, ip * icT 8 ) is desired, if the indicator is an add 
and the fraction of it transformed at the end-point is 10 per cent, (a « ict 1 ), and if 
the concentration of the salt in the titrated solution is 0.05 normal (C ** 5 X^uT*), 
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II. Titration of Monobasic Acids and Monacidic Bases. 

7. General Formulation of ike Theory . — We may now proceed to the 
solution of our main problem, which consists primarily in deriving ex- 
pressions for the difference between the quantity of the acid HA and that 
of the base BOH which have to be brought together in order that the 
end-point may be reached, confining ourselves in the first instance to the 
case where the acid is monobasic and the base monacidic. A general 
solution of this problem involves the treatment of combinations involving 
any acid of ionization-constant A a , any base of ionization constant A' B , 
and any value of the indicator-function k. 

The ionization-constants of the acid and base are expressed by the 

equations: (B + )(OH-) = KJBOH). (19) 

(H+)(A-) = K a ( HA). (20) 

The ionization-constant of water (A" w ) is also involved in the sub- 
sequent considerations, since it furnishes a relation between the con- 
centrations (H + ) and (OH“). It is expressed by equation (12) given 
above. Replacing (H+ ) in this equation by k we get : 

(OH - ) = KJk. (2i) 

It is to be noted that A w has an extremely small value; namely, about 
10” 15 at o°, 10" 14 at 25 0 , icr 13 at 65°, and 5 X icr 18 at 100 0 . 1 

Let now the total concentration of the acid-constituent A in the solution 
titrated to the end-point be ( 2 A) and that of the base-constituent B in 
that solution be (SB). 2 

the concentration of the indicator must be less than 5 X io~ 4 normal or 1/2000 normal; 
and if the volume of the titrated solution is 100 cc., less than 1/20, 000 of a formula 
weight of indicator must be added to it. 

That the concentration of the indicator is in practice ordinarily less than 1/2000 
normal will be seen from the following facts: Solutions of indicators are usually pre- 
pared so as to contain 1 to 5 grams of the indicator per liter. This latter value corre- 
sponds to 0.016 of a formula weight per liter (assuming the average formula weight 
to be 300). Of such solutions less than 1.0 cc. is commonly added to say 80 cc. of the 
titrated solution. This makes the concentration of the indicator in the latter less than 
0.0002 formal. 

1 The values of this constant at o and 25 0 given by Kanolt (This Journal, 29, 
1414 (1907)) are somewhat lower, namely, 0.88 X io~ lfl at o° and 0.81 X io~ 14 at 
25 °. Other investigators have, however, found higher values; thus Heydweiller 
(Ann. Pkys., [4] 28, 512 (1909)) through a recalculation of the experiments made by 
him and Kohlrausch obtained 1.16 X io“ 18 at o° and 1.04 X io“ 14 at 25 0 and Lund6n 
( Meddel . fr . k . sv. vet . N obelinstitut, Vol. 1, No. 8, p, 16 (1907)) found 1.05 X io~ 14 at 
the latter temperature. Whatever may be the correct result, the round values are 
sufficiently accurate for the purposes of this investigation. 

* The products obtained by multiplying these concentrations by the volume of 
the titrated solution represent evidently the quantities of the ariii HA and base BOH 
which have been mixed in order to reach the end-point; and the ratio of these concen- 
trations to each other represents the ratio of the said quantities to each other (pro- 
vided no salt of the add or base was originally present in either solution). 
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The different forms in which these two constituents exist in the solution 
are shown by the following equations which sum up the concentrations 
of those various forms : 

(SB) - (B + ) + (BOH) + (BA). (22) 

(SA) - (A-) + (HA) 4 (BA). (23) 

We have also a further relation expressing the equality of the sums 
of the concentrations of all the positive and of all the negative ions in 
the solution, as follows: 

(B + ) + (H+) - (A") + ( 0 H~). (24) 

It is to be noted that the quantities (H + ) and (OH") in a titrated solution 
are always small in comparison with the quantities (B + ) and (A~). It 
is not, however, permissible to cancel them from this equation, since 
the difference (B + ) — (A“) is involved in the following derivation. 
In cases, however, where the value of (B + ) or (A“) itself, and not their 
difference, is involved, no serious error will be made by assuming that 
(B 4 *) and (A") are equal. 


8. The Error in the Titration . — In order to obtain an expression for 
the fractional error in the titration we may proceed as follows. We 
first subtract equation (23) from (22), whereby we obtain: 


(SB) - (SA) - (B+) - (A-) + (BOH) - (HA). (25) 


We then substitute in this equation the value of (B + ) — (A - ) given by 
equation (24), whereby we get: 

(SB) — (SA) ,= (BOH) - (HA) + (OH - ) - (H+). (26) 


Substituting the values of (BOH) and (HA) given by equations (19) and 
(20), we get: 


(SB) - (SA) 


(B+XOH-) _ (H+)(A - ) 


+ (OH - ) — (H + ). 


Replacing in this equation (H + ) by k and (OH - ) by K w /k, and putting 
(B+) =■ (A - ), which as stated above is justifiable so long as the difference 
between them is not involved, we get: 

SB — SA Aw k , JC„_ _k_ 

(B + ) or (A - ) kK B K k + *(B+) (A - ')' < 2 ?) 

For the quantity (B + ) or (A - ) in equation (27) expressions in terms 
of (SB) or (SA) may be obtained from equations (22) and (23) by sub- 
stituting for (BOH) and (HA) the same values that were introduced 
into equation (26) and by substituting for (BA)/(B + ) the quantity 
(1 — y)lr< where f evidently represents the ionization of the salt BA 
in the titrated solution. The so-obtained expressions for (B + ) and for 
, (A“) am: 
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By introducing these values into equation (27), an exact expression 
applicable to any combination of base and acid can be obtained. 

The practically important cases are, however, those in which either 
the base or the add is largely ionized, since such a base or acid is almost 
invariably employed as a standard solution in the titration. It is there- 
fore worthy of note that in the expression for (B + ) the last term in the 
denominator, which is equal to the concentration ratio (BOH)/(B+), 
is negligible in comparison with the first term when K n is even moderately 
large ; and that in the expression for (A~) the last term in the denominator, 
which is equal to the concentration-ratio (HA)/(A“), is negligible when 
K a is even moderately large. 1 Taking into account these facts, we may 
write equation (27) in the following substantially exact form, applicable 
according as (SB) or (2 A) is written in the denominator to the case where 
the base or the acid is largely ionized: 

(SB) — (ZA) k_ K w k \ 

(SB) or (SA) " r \kK B K a + fe r (SB) r ~(S A)/‘ (30) 


This equation also gives approximate results, which are, however, 
sufficiently accurate for almost all purposes, when applied to the case in 
which the base and acid are both slightly ionized; for the error in this 
case is only that arising from neglecting the last term in the denominator 
of (28) or (29), and this will not give rise to an error in the first member 
of (30) of more than 1 or 2 per cent, for any combination for which even 
a very rough titration is possible. Equation (30) will therefore serve as 
a general basis for the following discussion of the accuracy of the titration 
and of the conditions determining it. 

It will be noted that the first member, which expresses the difference 
between the concentrations of the basic and acid radicals divided by the 
concentration of the one or other of these, really represents the fractional 
error (FE) in the titration in the common case in which the acid and base 
titrated against each other are the only source of those radicals. That 
error can therefore be calculated for any combination of indicator, acid, 
and base by equation (30) or still better by the following, more perspicuous 
equation, 3 which is obtained from it by a simple transformation and by 


1 Thus, if K w /k in (28) or k in (29) has a value even as large as io~ 4 , the last term 
will be entirely negligible when Kb or > io~ 3 . For the strongest bases like potas- 
sium hydroxide or the strongest acids like hydrochloric or nitric acid, the value of 
K b or K& at 0.1 normal is about 1, while for barium hydroxide it is about 0.3 and for 
the second hydrogen of sulphuric acid about 0.03. 

* Consider, for example, the case where 0.1 normal ammonium hydroxide is 
titrated at 25 0 with 0.1 normal hydrochloric add, using phenolphfchalein as an indica- 
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the substitution of C, representing the normal concentration of the salt 
in the titrated solution, for (SB) and for (SA), which are obviously ap- 
proximately equal to it and to each other so long as FE is even moderately 
small. 

FE = (I + KjrQ (I + KjrC). (31) 

B A 

Of the quantities occurring in this equation it is to be noted that the 
ionization j has nearly the same value at the same concentration for 
all salts of monobasic acids and monacidic bases, the average value for 
uniunivalent salts at various concentrations at 20 0 being approxi- 
mately as follows : 

Normal concentration 0.50 0.20 0.10 0.05 0.02 0.01 

Ionization (p) 0.70 0.78 0.83 0.86 091 0.93 

If the intermediate value 0.80 be employed, the result will be sufficiently 
accurate in almost all cases. / 

It may also be mentioned that all of the most completely ionized mfon- 
acidic bases and monobasic acids (such as sodium and potassium hy- 
droxides and hydrochloric and nitric acids) have an ionization at room 
temperature in 0.1 normal solution which corresponds to a ionization- 
constant of about unity. 1 The corresponding values of the parentheses 
(1 -f* K B jyC) or (1 + K A /yC) when K B or K A « 1 are 24 for C = 0.05, 
and 4.0 for C = 0.5. These are evidently the maximum values for these 
parentheses, since their values approach unity as K B or K A decreases. 

9. Error in the Titration when a Neutral Salt is Originally Present . — 
Equation (30) is also applicable to the not uncommon case in which there 


lor (for which Ki ** 2 X io~ 10 ), the indicator being at the end-point 10 per cent, 
transformed. In this case: 

Ki(i — a) 2 X io” 10 X 0.90 

k w* — 3 X io~ # ; x ** 0.86; C =0.05; Ka »* 1; 

a 0.10 

and Kb « 1.8X icT 5 . 

Substituting the appropriate numerical values in equation (31) we get: 

0.86 X to"* 14 X 1 0.86(2 X 1C L*H I + 1/0*043) 


EE ■ 


(2 x xo“*)(i.8 X io“ a ) 


0.24 = 24^. 


That is to say, an error of 24 per cent, will be made in the titration. 

Suppose now that the same titration be made, using ^-nitrophenol as indicator 
(for which Kj ® 9 X io“®), and causing it to be one per cent, transformed. Equation 
(31) then becomes: 

0.86 X io‘ u X 1 0.86( 9 X 1 0“*) (1 + 1 /0*043) ^ 

“ (9 X": io“*)(i.8 X JO") 1-0 “ 00005 “ °-° 5 %- 

1 The constant unity corresponds to an ionization- value 0.916 at 0.1 normal, 
while the ionization values at 18 0 derived from the conductivity measurements made 
in this laboratory are 0.926 for HC 1 , 0.918 for HN 0 3 , 0.902 for NaOH. Even if, as 
suggested by Noyes and Kato (This Journal, 30, 334 (1908)), the ionization of these 
acids is as small as that of potassium chloride (86.0 per cent, at 0.1 normal), the ioniza- 
t&m-constant would be of the same general magnitude; namely, 0.53 instead of 1.0. 
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is present in the original solution, together with the acid HA or base 
BOH which is to be titrated, some of the neutral salt BA. This is true 
since this equation expresses the equilibrium conditions prevailing in 
the solution in which the end-point has been reached, and since it evidently 
makes no difference whether ail of the salt was produced by the titration 
or whether some of it was originally present. It is evident, however, 
that in the latter case equation (30) does not express the fractional error 
in the titration of the free acid or base, since the difference between the 
concentrations of the basic and acid constituents must then be referred, 
not to the total concentration (SB) or (SA) of either of them, which is 
substantially equal to the concentration C of the salt in the titrated 
solution, but to the concentration C — C Q which has been produced in 
that solution through the addition of the standard base or acid (C Q there- 
fore corresponding to the quantity of salt originally present). We have 
therefore for the fractional error FJj' in the titration in this case: 

rr , ^ (SB) — (SA) /(SB) or (SA)\ /(SB)_— (SAH 
4 ' C — C 0 ‘ V C-C 0 ) V (SB) or (SA) / ’ 

or FE' = C c FF ’ (3 2 ) 

the value of the last parenthesis or of FE being that expressed by equation 
(30) or (31). 

The fractional error in the case where a neutral salt of the acid and base 
involved in the titration is originally present is therefore greater in the 
proportion which the sum of the quantity of that salt and of the quantity 
of acid or base used in the titration bears to the latter quantity. 

It can furthermore be shown, by formulating the condition equations 
as in section 7, that the fractional error in the titration can be correctly 
calculated by equation (32) also in the following cases: 

(а) When a not largely ionized acid IIA is titrated with a largely 
ionized base BOH, and a neutral salt B'A of another largely ionized base 
B'OH is originally present. 

(б) When a not largely ionized base BOH is titrated with a largely 
ionized add HA, and a neutral salt BA' of another largdy ionized add 
HA' is originally present. 

10. The Best Value of the Indicator-Function. — Equation (31) may be 
employed to determine what the value of the indicator-function is which 
will give the best result in titrating an add of known ionization-constant 
K a with a base of known ionization-constant K B , when the titrated 
solution has a given concentration C. To determine this, we need only 
place FE equal to zero and solve for fe. We thus obtain the following ex- 
pression, in which this “best value” of fe is represented by fe 0 : 

# 
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( 


K v (i +K B / T C)\i / K. 


Kj, 


(r + ijjc) 


k k 

K B 


\ (i + Kb/tC\ 

) \i +~k A /rcJ' 


( 33 ) 


It is evident from equation (33) that the best value of the indicator- 
function is equal to the square-root of the ionization-constant of water 
when the ionization-constants of the base and acid are equal, and that 
it is smaller than this when the acid is slightly ionized and larger when 
the base is slightly ionized. The best value can, of course, be exactly 
calculated for any given case. 1 

11. Limiting Values of the Indicator-Function , — It is evident from 
equation (33) that for any combination of acid or base whatever there 
is a value of the indicator-function which would theoretically make pos- 
sible an exact titration. Yet it is a well-known fact that, if either the acid 
or base has too small an ionization-constant, accurate results can^not in 
practice be obtained. This arises from the impossibility of realizing 
in the titration a value of the indicator-function identical with the best 
value, and from the sensitiveness of the titration in certain cases to the 
deviation of the actual value k from the best value k Q , What the realiza- 
tion of the desired value of the indicator-function involves will be seen 
by considering the following expression for the ratio k Q Jk , which may be 
obtained by combining equations (33) and (14) : 

K _ ( K„K a /K b )* /i_+ Kb/tC \* 
k Kj( 1 — a) /a Vi + KJyC) ' 

In order to make this expression as nearly as possible equal to zero, one 
would in practice first select an indicator with such an ionization-constant 
Kj that k 0 jk can become zero when a practicable fraction of the indicator 
is transformed, then would calculate by (34) just what the fraction trans- 
formed a should be to make k 0 jk equal to unity, and finally would attempt 
to realize in the titration this fraction transformed by comparison with a 
standard color so prepared as to correspond to it (see Section 5). It will 
be seen that there are two errors involved in this process; first, the error 
in the calculation of a arising from the errors in the assumed values of 
the various ionization-constants, of which errors that in K x is likely 
With our present knowledge to be the largest; and second, the error in 
the experimental determination of a arising from the failure to titrate 
to the depth or shade of color which corresponds to the proper fraction 
transformed. For these reasons the ratio k Q jk will inevitably vary from 

1 For example, suppose NH 4 OH (Kb ** 1,8 X io~ R ) is to be titrated at 25 0 
(Kyf ■* io““ 14 ) with HC1 (K\ *“ 1), the titrated solution of the salt being 0.05 normal 
(C ** 0,05) and its ionization y being 0.86. We then have; 

JQwU ^ | J 

k 0 ‘ = ^ X — ; whence k B — 4.8 X io-*. 


(34) 


1.8 X io~ 


24 
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unity by a considerable amount; and it is therefore important to consider 
the conditions which determine the sensitiveness of the titration to this 
variation. 

The practical problem may be concretely stated as follows : to determine 
how much the actual value of the indicator-function k may vary from the 
best value k 0 without causing a fractional error FE in the titration greater 
than the accuracy which is aimed at. To solve this problem we may 
multiply each of the terms of the second member of equation (31) by 
k Q /k 0 , substitute in the denominator of the first and in the numerator 
of the second term the value of k Q given by equation (33), and transform, 
whereby we get: 



It is obvious that in equation (35) the value of the first parenthesis, 
which is nearly identical with k Q /k or k/k Q when this is greater than 
(say) 3, must evidently for a given value of KJi be smaller, the larger 
the values of the other three parentheses. The last two of these do not, 
however, vary very greatly from unity; thus in the rather extreme case 
in which K u or — 1 and C = 0.05, one or other of these factors 
has the value 4.9. It is therefore the very variable second factor 
(K w /K A K h ) v * that mainly determines how large the arithmetical value 
of k Q /k or k/k Q may be without causing the fractional error in the titration 
to exceed any given value. It is evident now that this factor increases 
as the product (K^K B ) of the ionization-constants of the acid and base 
decreases, and assumes a considerable magnitude only when the value 
of this product approaches that of the ionization-constant of the water. 
The percentage error in the titration therefore increases under the same 
conditions. 1 

The maximum value, which k Q /k or k/k Q may be allowed to assume 
when a definite fractional accuracy p is desired in the titration, may be 
calculated for various values of i£ w /i£ A lv B , by substituting, in equation 
(35) for FE the given value of p and for K B /yC and KJyC in the last two 
factors, the values which they have in the titration under consideration. 

' 1 Compare, for example, the values of the percentage error (100 F 2 ) given in the 
last column of the following table for various combinations of acids and bases. In 
the calculations of these quantities by (35) it is assumed that AT W = io~ 14 as it is at 
25 °, that C « 0.05, that y = 0.86, and that k 0 /k or k/k 0 =* 5, which is about as 
small a value as can be realized in practice without taking unusual precautions. 


Add. 

Base. 

Aa. 

ATb. 

(Kv/KaKb)*. 

100 Pi. 

HC1 

KOH 

I 

I 

io ~ 7 

0.001 

HC,H,0, 

KOH 

2 X IO~* 

I 

2 X io~* 

0.05 

HC1 

NH 4 OH 

I 

2 X 10** 

2 X 10-* 

0.05 

HBO, 

KOH 

7 X io~ l ° 

I 

4 X io“* 

9.0 

HC,H,0, 

NH 4 OH 

2 X 10** 

2 X IO~» 

5 X w* 

2.3 
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Such a calculation has been made under the assumption that p * o.i % 
» o.ooi, for the three following, practically limiting cases: 

(1) K b or K A = i and yC *= 0.86 X 0.05 = 0.043. 

(2) A B or K A = 1 and 7C = 0.70 X 0.5 = 0.35. 

(3) K B /yC and KJyC are negligible (less than 0.2). 

The results of these calculations are given in the following table, the 
columns marked (1), (2), and (3) corresponding to the three cases just 
considered. 1 


Table x. — Maximum Values op the Ratio between the Actual and Best Values 
op the Indicator-Function for an Accuracy in the 
Titration op o.i Per Cent. 


Maximum value of Maximum value of 


Aw 

KaK* 
at 25 °. 

k 0 /k or k/k 0 . 


Kyf 

KaK b 
at 25 °. 

k 0 /k or k/k 0 


AaAb 

(1) 

(2) 

(3) 

KaKb 

(1) 

(2) 

(3) 

IO" n 

IO"* 

214 

720 


io” 7 

IO" 7 

I.44 

2*7 

4.2 

10““* 1 

IO" 8 

74 

230 


IO“* 

IO" 8 

M3 


1.8 

IO~ 10 

IO" 4 

24 

73 


IO"* 6 

IO"® 

1 .04 

1 . 12 

'1.22 

IO"® 

IO" 5 

76 

23 

40 

IO~ 4 

IO" 10 

1 .011 

1 04 

I 06 

IO~* 

IO" 8 

2*7 

7.4 

13 

IO -8 

IO" 11 

1 . 004 

1 .01 

I .02 


These maximum values are valid for the case that the accuracy desired 
is 0.1 per cent. The table will hold true for an accuracy of about 1/3 
per cent, if each value of K W /K A K B be multiplied by 10, and it will hold 
true for an accuracy of 1 per cent, if each value of K W /K A K B be multiplied 
by 100; and if correspondingly each value of K A K B at 25 0 be divided 
by 10 or 100. 2 

Attention may also be called to the fact that, since K w increases rapidly 
with rising temperature, the maximum value of k Q /k or kjk 0 admissible 
when a given percentage accuracy is desired is for a given value of K A K B 
larger at lower than at higher temperatures. Thus the values of k 0 /k 
or k/k Q given in Table I correspond to values of K A K n one-tenth as 
large at o° and ten times as large at 65° as the values of K A K B given in 
the same row in the table for 25 0 (since K w = io* 15 at o° and = io~ 18 
at 65°). Since K A and K B for weak acids and bases commonly change 
with the temperature in a direction opposite to that in which K w changes 
(or, since when K A and K B change in the same direction they change 
in a smaller proportion than K w ), it is almost always true that greater 
accuracy will be secured with any combination of acid, base, and indicator 
that is sensitive to error by titrating at as low a temperature as possible. 8 


1 In these three cases 7 was taken as 0.86, 0.70, and 0.80, respectively. 

* It will be shown later that this table is also applicable to titrations in which a 
diaddic base or dibasic acid is involved, provided K^/K^K^q be replaced by an ap- 
propriate function of the ionization-constants. 

* Exceptions to this statement may occasionally arise from an entirely different 
cause — namely, from the fact that the equilibrium of the indicator add or base with 
its salt is too slowly established at the lower temperature, owing to a very slow rate 
of transformation of the two isomeric forms of the indicator into eadi other. 
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Certain other practical conclusions that may be drawn from Table 1 
and equation (35) may be pointed out. A comparison of columns (1) 
and (2) shows that the titration is more sensitive to variations in the 
value of k, the more dilute the solution. It is therefore desirable to titrate 
in as strong a solution as possible, whenever the conditions are such that 
an error is likely to arise. 

It will also be seen from the table that, as the product K A K B decreases 
in value, greater care must be taken to approximate to the best value of 
the indicator-function by selecting a suitable indicator of known ionization- 
constant, using a measured quantity of it, and titrating to a standard 
color corresponding to the appropriate fraction transformed. 

Another, more direct, method of treating the problem of determining 
the limits between which the indicator-function k may vary when a 
certain accuracy in the titration is desired is as follows. Representing 
the limits between which the fractional error permissible in the titration 
lies by p and — p f substituting ±p for FE in equation (31), and trans- 
forming, we get: 


K„K a (i 4 - K b / yC 


( l + \ m h% 

1 1 4 - KJrC) * 


pKk 


r( I + KJrC) 


k. 


Adding 


p 2 KS 


^r 3 to both members to complete the square in 


4r 2 (i + Kj r cy 

the second member, taking the square-root of both members, and trans- 
forming, we get the following exact expression : 


k 


(Max ) 
(Min.) 


_ pK K 

2 r(j + Kj r C) 


x 


(± 1 + Vi + Kjr* (1 + A VrQO + K B / r c)). (36) 

The second term under the square-root sign is considerably smaller 
than unity in any case in which the titration is practicable. Thus it 
may be seen from column (1) of Table 1, when p «■ 0.001, C — 0.05, 
and K a or K h = i, and k 0 /k or k/k Q > 2.7, that K W /K A K B must be 
less than io~ 8 ; under these circumstances, however, the value of the second 
term in question is less than 0.72. In this case (where K yv /K A K B < io~ 8 ) 
it can readily be shown that expression (36) reduces to the following 
approximate, but sufficiently accurate forms: 1 


1 This follows from the fact that (1 + x )* ** approx. (1 4- V 3 x), when x is 
small. The whole parenthesis in (36) then has a maximum value of 1 + 1 + 1 * * 
approx. 2, and a minimum value of approx. — 1 + 1 4* \x approx. \x % where * 
represents the second term under the square-root sign. Even in the limiting case 
where x =» 0.72 the error in the maximum and minimum values of k when calculated 
by the approximate expressions (37) and (38) would be only 13 and 16 per cent, 
respectively. A 
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k 


. pK A 

r(i + KjrQ' 


( 37 ) 


4 > £*i<! + *!££>. (3 8) 

By means of these expressions the limits between which k must lie 
in order to give any desired accuracy p can evidently be calculated for 
any given values of K w , K A , K B , and C. 1 

Expressions (37) and (38) show that the lower limit for k is determined 
by the ionization constant (K B ) of the base, and the upper limit by the 
ionization-constant (X A ) for the acid. 

It is also worthy of note that, since the maximum value of K B or K A 
possessed by any base or acid is unity, since the concentration of the 
titrated solution can hardly in practice be made greater than 0.5 normal, 
and since an accuracy at least as great as 1/3 per cent, is almost always 
essential, the indicator-function k must at 25 0 under all circumstances 
have a value lying between the limits of io~ 8 and io~ u , and the ionisation- 
constant of the indicator must have such a value as will make this possible. 

In the important case in which K A or K B is even moderately small, 
say less than 0.1 C, the corresponding expression (37) or (38) remains 
sufficiently accurate for practical purposes, when written in the still 
simpler, easily remembered form : 

K. 

k < pK A ; or k > (39) 

That is, in titrating any not largely ionized acid, the value of the indicator- 
function must be less than the product of the ionization-constant of the 
acid by the fractional error permissible in the titration; and in titrating 
any not largely ionized base, the value of the indicator-function must be 
greater than the ratio of the ionization-constant of water to the product 
of the ionization-constant of the base by the fractional error permissible 
in the titration. 


12. Limits beyond which the Titration is Impracticable . — Considered 
from the converse point of view, equation (35) may be utilized to furnish 
an estimate of the minimum values below which the ionization-constants 
of the acid and base may not fall if the error in the titration is to be less 
than any assigned value p. For if we represent by /? the smallest value 

1 As an example, consider first that acetic acid ( AT a * 1.8 X io“ 5 ) is to be titrated 
with potassium hydroxide (K b =* 1) at 25 0 (JC W ** io" 14 ) with an accuracy of 0.1 
per cent, (p « 0.001), the resulting salt solution being 0.05 normal (C 0.05 and 
X — 0.86). By substituting these values in (37) and (38) we get: 

k<2.i x 10"*, and ^>2.1 x io" 10 . 

Consider secondly that ammonium hydroxide (Kb *■ x.8 X io"*) is to be titrated 
with hydrochloric add (JCa ** 1) under the same conditions. We then find: 

^<4.8 X 10"*, and £>4.8 X io^T, 
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of (k Q /k — k/k Q ) that one can hope to realize in practice, even when 
reasonable care is taken in choosing a suitable indicator and in securing 
the proper fraction transformed, equation (35) may be replaced by the 
following expression: 

k K J^ f(i + KjrC ){ x + Kj r c ) < (40) 

Since one can hardly count on making k Q /k or kfk Q less than 3.5, 1 
and since in this case ft 2 = 10, we may conclude that the first member 
of the preceding inequality must always be less than 1 / 10 p 2 \ that is, less 
than icr 7 for p — 1 / 10 per cent., less than icr 6 for p = Vs P er cent., and 
less than io~ 5 for p = 1 per cent. If, furthermore, either the acid or 
base is nearly completely ionized (K A or K h = 1) and the concentration 
C of the titrated solution is not greatly different from 0.1 normal, we 
may assign the medium value 10 to the product of the last three factors 
in the first member of (40), and write the inequality in the simple form: 

*w 1 2 

K a K v < too 9 • 

From this it follows that at 25 °, where A w ~ icr 11 , the product K A K B 
must not have a smaller value than icr 8 , icr 7 , or icr 8 if an accuracy of 
Vio> l /s» ° r 1 P er cent., respectively, is to be secured. These values 
therefore represent the practical limits below which the ionization-constant 
(K a or K b ) of an acid or base may not fall if it is to be titrated at 25 0 
with the stated accuracy, even with one of the most largely ionized bases 
or acids, such as sodium hydroxide or hydrochloric acid (for which K B 
or K A =* approx. 1). 

III. Titration of Two Monobasic Acids or of Two Monacidic Bases in 
the Presence of Each Other. 

13. Separate Titration of the More Ionized Acid . — A special case that 
occurs not infrequently in practice is the titration of an acid HA in the 
presence of another, much less ionized acid HA', or of a base BOH in 
the presence of another, much less ionized base B'OH. It is therefore of 
interest to determine the conditions under which such a titration can be 

1 That this is a reasonable estimate will be seen from the following considerations. 
It has already been pointed out in discussing equation (34) that the deviation of k 0 /k 
or k/k 0 from unity is likely to arise mainly from the error in the value of Kj assumed 
in the calculation of the best value of a, and from the error in the experimental realiza- 
tion of the so-calculated value of a. Now there are probably few indicators for which 
we know the ionization-constant more closely than within one-half or twice its true 
value; and without taking unusual care in the titration to match the color of the indica- 
tor with a standard we can hardly realize any desired value of (1 — a) /a nearer than 
within one-half or twice that value: and from the combination of these two errors a 
value of k 0 /k or k/k 9 as large as 3.5 is not unlikely to arise. This becomes even more 
probable when the error likely to be involved in the ionization-constants of very weak 
bases dr adds is also considered. 
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made without incurring a fractional error greater than any assigned 
value, especially for the case where a nearly completely ionized base 
BOH or acid HA is employed as the standard solution. 

A general expression for the fractional error analogous to (31) can be 
readily derived for the case of the two acids in an entirely similar manner, 
as follows. 

It will be noted that the following condition equations corresponding 
to (22), (23) and (24) hold true in this case: 

(SB) - (B+) + (BOH) + (BA) + (BA'). (41) 

(SA) - (A”) + (HA) 4- (BA). (42) 

(B+) + (H + ) - (A-) + (A'-) + (OH-). (43) 

Combining these equations, we get: 

(SB) — (SA) - (BOH) — (HA) + (A'") + (BA') + (OH") — (H+). (44) 

In this case we have to consider also the additional equilibrium equation : 

(H+) (A'") - A a ,(HA'). * < 45 ) 

Since we may without serious error put (HA') = (SA') or ~ C' when 
only an inconsiderable proportion of the acid HA' is converted into its 
salt, (45) may be written also in the form : 


(A'“) - C'KJk. (46) 

Dividing both members of (44) by (SB), substituting (A'“) jy for (A'") + 
(BA'), eliminating (A'“) by means of (46), writing C for (SB) and (SA), 
expressing the other quantities as before in terms of the appropriate con- 
stants, and transforming, we get: 

in? _ <??) - (SA) r KJ.x + K B /rQ 
** “ ■ (SB) ~ “ " *"*K b " ■ + 

CK a . r k(i + K k / l C) 

. r Ck ~ ' k~~~ • (47) 

It will be seen that this equation differs from (31) only in the respect 
that it contains the additional term + C'K A ,lyCk. (In this term 
C'/C is equal to the ratio of the quantities of two acids HA' and HA 
originally present, and K k , is the ionization-constant of the acid HA'.) 

Exact expressions for the best value and the limiting values of the 
indicator-function can therefore be written down simply by replacing 
in expressions (33) to (40) the quantity 


r*w(i + K B /rC) C'k A ’ 

— s — by ~^~ 


r**(» + k b / t C) 


Instead of reproducing these somewhat complex exact expressions 
here, the simpler approximate expressions may be considered that are 
applicable: first, to the case where the first term in the last expression is 
smaller than one-tenth of the second term; and second, to the case where 
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\or > io~ 12 at 25 0 when K B = iandC 


KE — 


the first term is larger than the second term ; so that the smaller of these 
two terms may be neglected without serious error. 

In the first case, where 

C'jKTa' ^ f K w(i + Kb/tO , -.14 4 o U rs A r 

-- < v , or < 10 14 at 25 0 when A B — iandC «o.i, 

C I oA 

the presence of the acid HA' evidently has only a relatively small effect 
on the result of the titration, and no large error will be made by neglecting 
the term containing K A , and by employing equations (33) to (39), for 
computing the best value and the limiting values of the indicator-function. 
This merely signifies that at 25 0 the presence of an acid whose ioniza- 
tion-constant is less than about io“ u can be disregarded (unless its con- 
centration C' is much larger than that C of the acid to be titrated.) 

In the second case, where 

C'K, V iopK w (i + A 'b/tQ -12 < o u v An 

• £. > g , or > 10 12 at 25 0 when K B = 1 and C = 0.1, 

B 

a large error will not be made by neglecting in (47) the term containing 
K w and /v B in comparison with that containing K A ,. When this is 
done equation (47) becomes : 

KE _ C'Kk< r Ki+K,/ r c) 

1 B ~ r ck k k ■ (48 > 

Putting KIv ~ o and solving for k , we get for the best value of the in- 
dicator-function : 

1 / C'K a >K a x* 

0 r VC( 1 + Kj r c)) ■ (49) 

The expressions for the limiting values of k which will give a fractional 

error not greater than p are found, for any case in which the titration is 

practicable, to be as follows : 

pK a , C , K. A f 

k < . r (50); and k > — . (51) 

rO + Kjrt) pyc > 

The following expression for FK in terms of k 0 jk is also readily obtained 

from (48) and (49): 

(K * \ iC'K a ,.i , Kan I 

16 - U ~k)\~CKj V + jc) ■ < 52 > 

From this equation, if we represent by p the fractional error permissible 
in the titration and by /? the smallest value of (k 0 /k) — (k/k 0 ) that 
one can hope to realize, we may obtain by substitution the following 
expression showing the limiting condition at which the titration ceases 
to be practicable : 

% (* + KJrQ < 4 . (53) 


. , ^ C'K k . 

and k > — - . 

pyC 


Assuming /J = 3.5 it follows from this expression for the case that K A 
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and C =» about 0.1 that C'K A , jCK must be less than icr 8 , icr 7 , and icr 0 
for accuracies in the titration of l / l0 , V3. and 1 per cent., respectively; 
and for the case that K A < l ! l{t C (when the parenthesis becomes sub- 
stantially equal to unity), that C'K A ,/CK A must be less than icr 7 , icr 6 , 
and icr r> for accuracies of 1 / V)y 1 / s , and 1 per cent., respectively. 

If the two acids were originally present in equivalent quantities (C — 
T'), these same statements are approximately true of the ratio A A ,/iv A .* 


14. Separate Titration of the More Ionized Base . — The corresponding 
case involving the titration of a base BOH of ionization-constant K n 
and concentration C in the presence of another much less ionized base 
B'OH of ionization-constant K B , and concentration C' with a nearly 
completely ionized acid HA can be similarly treated. The resulting 
expression for the fractional error corresponding to (47) is 

_ r Awd + AVrO rKi + k a / t Q kC'K w 

kK B - K a r CK/ (54) 


or < 1 o -14 at 25 0 when K A ~ 1 and C = o.i, 


In the case where 
C’Kw , fK w (i + K A / r C) 

< 7 \ i C*V VYIJV.U Jl V . 

C, ioA a ' A 

the influence of the base B'OH on the titration can without serious error 
be disregarded. 

In the case where 


C'K W lofK^i + Ka/tQ 


> 




, or < io~ 12 at 25 0 when K A =* 1 and C = 0.1, 


the middle term in the second member of equation (54) is relatively small, 
and that equation assumes the approximate form : 


■jprB __ rAw(i 4- Kb/tC) __ kC'K& 


kK 


b rCK. 


(55) 


The best values and limiting values corresponding to this case are : 


rK w ( 


C(i + Kzircui 


C'K v K n 


) 


4 < (57): Q 


PK p 


(56) 


(58) 


. It can also be readily shown that, as in the case of the two adds, the 

titration will be practicable with accuracies of x / 10f l / 3 , and 1 per cent. 


1 Thus the ionization-constant for the first hydrogen of carbonic add, according 
to Walker and Cormack, is 3 X io“ 7 . Hence only the most completely ionized adds 
for which K A ** i, such as HC 1 and HNO„, can be titrated at 25 0 in the presence of an 
equal number of mols of HjCO#, and these only with an accuracy of about l / 2 per 
cent., even where care is taken to secure a value of k not greater than about 3.5 k 0 
and not less than about Vs. a h 0 . The best value k 0 for this case is calculated by equa- 
tion (49) to be 2.1 X io~ 4 (for C «* C 7 - about 0.1). 
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only when C f K w lCK B is less than io~ 8 , 10 ~ 7 , and io~ e when K B = 1, 
and less than io“ 7 , io~ fl , and io" r> when K B <C 1 / ior c - 

15, Titration of the Less Ionized Acid or Base . — It is evident, in the 
titration of a mixture of two acids HA and HA' with a largely ionized 
base, or of two bases BOH and B'OH with a largely ionized acid, that the 
more ionized acid HA or base BOH will first be converted into its salt, 
after which the titration of the less ionized acid HA' or base B'OH will 
take place substantially as if it had been alone present. 1 The error in 
its titration, the conditions under which it is practicable, and the best 
value and limiting values of the indicator-function will therefore be 
determined by the considerations presented in Part II. Thus in accord- 
ance with expressions (39) it is necessary for the titration of HA' that 


k<pK A , } and for the titration of B'OH that k> 


K w 


and in ac- 


f>K w ' 

cordance with equation (40) and the discussion following it, it is prac- 
tically necessary that at 25 0 at 0.1 normal K A , or K n , be not smaller 
than io~ 7 , and 10" * for accuracies of l / l0 , l /„ and 1 per cent. 

It is to be noted that an indicator-function which will give accuracy 
in the titration of HA' or B'OH will also be suitable for the titration of 
the more ionized acid HA or base BOII; and that therefore the sum of 
the quantities of the two acids or bases can be accurately determined 
provided the conditions are such that the quantity of the less ionized 
acid or base can be so determined. 

In order that, with the aid of two indicators, the quantity of each of 
the two acids or each of the two bases may be separately determined 
with any given accuracy, their ionization-constants must be sufficiently 
different to satisfy the requirement stated at the end of Sections 13 and 
14; and yet, as just stated, the ionization-constant /v A , or K IV of the 
less ionized acid or base must be large enough to satisfy equation (40), 
namely, at 25 0 and 0.1 normal it must be as large as io“ 6 , icr 7 and io~ 8 
for accuracies of 7 10 , l / 8 and 1 per cent. It follows from these two re- 
quirements that at 25 0 when C « C' --- 0.1 normal, for an accuracy of 
7a per cent, (the greatest attainable under any conditions), the ionization- 
constant K a or K b of the more ionized acid or base must be as large as 
unity, and that K A , or /C B , of the less ionized acid or base must be in the 
neighborhood of io“ 7 ; also that for an accuracy of 1 per cent., K A or K n 
mhy lie between 1 and io~ 8 and K A , or K B , between 10" 6 and 10“ 8 pro- 
vided the ratio between them is as large as io 5 . 

IV. Titration of Dibasic Acids with Monacidic Bases. 

16. General Formulation of the Theory . — Thus far only monobasic 
acids and monacidic bases have been discussed. The case may now be 

1 The neutral salt BA present will not affect the result materially, since it is a 
salt of the add HA and not of HA', or of the base BOH and not of B'OH. 
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considered in which the acid has two replaceable hydrogens, as indicated 
by the symbol HjA. In this case, the condition equations, corresponding 
to (22), (23), and (24) evidently are: 1 2 

(SB) = (B+) + (BOH) + (BHA) + 2 (B 2 A). (59) 

(SA) - (A-) + (HA") + (H 2 A) + (BHA) + (B 2 A). (60) 

(B + ) + (H + ) - (HA") + 2 (A ”) (OH"). (61) 

17. Error in the Titration of the First Hydrogen. — To derive an expression 
for the titration of the first hydrogen, we may first subtract (60) from 
(59) and substitute in the result for (B + ) its value given by (61), whereby 
we get: 

(SB) — (S A) « (BOH) + (A ) + (B 2 A)-(H # A) +(OH")-(H+). (62) 

It is now to be noted that, when (SB) is equal or nearly equal to (SA), 
as it is in even a rough titration of the first hydrogen, this equation repre- 
sents the condition in which the acid H 2 A has been nearly completely 
converted into its acid salt BHA. It is therefore true thsft (A“) is a 
relatively small quantity. We may therefore, when the difference be- 
tween them is not involved, place (R + ) — (HA"), thus neglecting in 
this case the quantities 2 (A*) -f (OH") — (H + ) in equation (61). We 
may therefore divide all the terms of equation (62) either by (HA") or 
by its substantial equivalent (B + ), whereby we get : 

( SB) — (SA) (BOH) (A-) + (B,A) 

(B+) (B+) • (HA") t 

(H 2 A) (OH") (H+) 

(HA") + ' (B + ) (HA")* 

Other expressions for the ratios in the second member may be obtained 
from the following equations: 


(B+)(OH-) 

(BOH) 

Kb ( 64 ); 

(H+XHA-) 

(h 2 A)~ -**• 

( 65 ); 

(H+XA-) 

(HA - ) 

K a , (66); 

(H+XOH - ) - 

( 67 ); 

(H+) - k 

(68) ; and 

(A-) 4 - (B 2 A) = (A =)/ r2 

(69); 


where k is the indicator-function defined as before by equation (14), 
and is the ionization of the salt R 2 A of the unibivalent type. 2 

1 The assumption is here made that the concentration of the intermediate ion 
BA" is negligible. There is as yet no evidence that such ions exist in appreciable 
quantity in the case of salts, at any rate up to moderate concentrations. 

2 Unibivalent salts differ from one another in ionization more than uniunivalent 
ones. The following average values are, however, sufficiently accurate for the pur- 
poses here under discussion: 


Normal concentration 0.50 0.20 o . 10 0.05 o . 02 ' o . 01 

Ionization ft 0.50 064 0.72 0.76 0.85 0.88 
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Making obvious substitutions, writing y x C for (B + ) and (HA~), multiply- 
ing both members by y u and uniting the first and fourth and the third 
and fifth terms, equation (63) becomes : 

(SB) - (SA) r.Kw(t + Wr.C) 

(SB) kk B 

rM l + KjJr£) 


ff: 


n k 


K 


Ai 


( 70 ) 


18. Best Value and Limiting Values of the Indicator -F unction for Titra- 
tion of the First Hydrogen . — It will be noticed that equation (70) differs 
from equation (31) only in the respect that it contains the additional 
term (4- y x K A Jy 2 k). By considering this term associated with the posi- 
tive term preceding it, which also contains k in the denominator, and 
which therefore can be treated like it in deriving expressions for k, we may 
write down at once relations corresponding to (33) to (40). More specif- 
ically stated, this may be done by substituting in those equations for the 
quantity 

A' w (i 4 “ Ab 'y x C ) A w ( 1 -f Ab/TiO Aa<> 

T , , the quantity — b 

A b A b T2 

It is therefore not necessary to write out these exact general expressions. 
We will, however, consider the two following cases: (1) that in which 
the second term in the last quantity is much smaller, and (2) that in which 
it is much larger than the first term; so that a serious error will not be 
made by neglecting the smaller of the two terms. It may be assumed 
that the error will be negligible when one term is as small as one-tenth 
of the other. 

In the case where 

A Al < * o rAK„/K B )(i+K B /r t C) t or < io*' l4 at25 0 when A b = i andC^o.i, 

the acid may be treated as a monobasic acid, the ionization of its second 
hydrogen being disregarded. 

In the case where 


A Af > ior 2 (A w /A B )(i +K B /riQ or > IO “ 12 at 2 5° when A B = 1 and C=o.i, 
the approximate, but sufficiently accurate expressions for the best value 
and limiting values of the indicator-function corresponding to (33), (37), 
and (38) are as follows: 


K 


( KjJCa* \» 
W 1 -f kJt£)) 


(71) 


* < 


pK a, 

nO + KJnC) 


(72); 


and fe > 


rj> 


(73) 


In the case, usual with dibasic acids, in which the first hydrogen is only 
moderately dissociated (thus where K Al < •/,„ C), equation (71) is sub- 
stantially accurate in the still simpler form : 
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K = ( 74 ) 

It is evident therefore that, provided the second hydrogen is appreciably 
dissociated, it is the product K Ai K An which mainly (equation (71)) or 
wholly (equation (74)) determines the best value of the indicator-function 
for the titration of the first hydrogen. 1 

In this case (where A' Ai < *f l0 C) the expressions for the limiting values 
permissible assume the following approximate, but sufficiently accurate 
forms: 


k < and k > TiKa \ 

n w 


(75) 


Thus the smallest value which k may have is determined by the ionization- 
constant for the second hydrogen, and the largest value by that for the 
first hydrogen. 

In analogy with equation (35), the expression for the fractional error 
in the titration of the first hydrogen of a dibasic acid may be written in 
the following form in the case where A' A; > io(A' w /A'„; ( 1 % A^/jqC ) : 


FK « 


n 


( k ° _ k \ ( Ka ‘ V 

\k kj \ T j<J 


(1 


* Al /r.C)». 


(76) 


It is therefore in this case the quantity K A JK At (instead of A tt / K A K B ) 
that mainly determines how large the value of k a jk 01 k/k 0 may be with- 
out causing the fractional error in the titration to exceed any assigned 
value. Therefore column (3) of Table I in .Section 1 1 will show the maxi- 
mum values of k a /k or k/k 0 permissible, if an accuracy of 0.1 per cent, 
is to be secured in the titration of the first hydrogen of a dibasic acid 
(for which AT A| < ‘/u> C and A As > i o- A n ) with a nearly completely ionized 
base, if it be understood that the figures in the columns headed A w /A' a A b 
are in this case the values of K A JK A] . 

In analogy with expression (40), we may derive from (76) the following 
expression showing the condition that must be fulfilled in order that the 
titration may be practicable with any given accuracy p : 

K m ~*v 


K 




A, 'ft 


1 + VnO < 


ft 


(77) 


Assuming as before that ft can hardly be made smaller than 10 and that 


1 Thus in the case of carbonic acid, for which the ionization-constants for the two 
hydrogens are iC A , “3X io“ 7 and K A ~ 3 X nr u , the best value for the indicator- 
function is k 0 - (3 X io~ 7 X 3 X io -11 )* *3X io- 0 . In the ca.se of phosphoric acid, 
for which according to Abbott and Bray (This Journal, 31, 760 (1909)) K Ai **io“* 
and Kxt * 2 X io~ 7 , one finds by equation (71) for C ** 0.05 that 

K " (i + " °-9°(K M K M )i - 4.0 X 10-. 

(In the case of tribasic acids, the ionization of the third hydrogen is so much smaller 
than that of the second hydrogen that it does not affect appreciably the conditions 
determining the titration of the first hydrogen.) 
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AT Al < 1 / dC it follows (since yjy 2 = approx. 1) that the titration can 
not be made with an accuracy as great as p unless K A J K Al < 1 / lv p 2 . 
Therefore K A JK Al must be less than io" 7 , io”°, and icr 5 for accuracies 
of Vio» 1 /s» and 1 per cent, respectively. 1 

19. Error in the Titration of the Total Hydrogen . — An expression appli- 
cable to the titration of the total hydrogen may be obtained in a similar 
way. Namely, by multiplying equation (60) through by 2, subtracting 
the result from equation (59), and substituting for (B+) the value of it 
given by equation (61), we get: 

(SB) — 2(SA) = (BOH) — (HA“)- -(BHA)— 2(H 2 A) + (OH-)— (ft+). (78) 

Taking into account the fact that in this case (IIA'") is small, so that 
(IH) may be placed equal to 2 (A") when the difference between them 
is not involved, dividing through by (B + ) or its substantial equivalent 
2 (A ), and putting (HA~) f (BHA) = (I I A”) /ft we get: 

(SB) — 2(SA) _ (BOH) _ (II A-) 

(B V ) ~ (B + ) 2 V7(A ) 

(H 2 A) (OH-) _ ( 11 +) 

(A ) + (B+j 2 (A ~ ) (/9) 

Substituting for the ratios in the second member their values as given 
by equations (64) to (68) and for (B+) or 2 (A ) the quantity y 2 C (where 
C therefore represents the equivalent concentration of the salt), and 
multiplying through by y v the ionization of the unibivalent salt, we get: 

(SB ) — a(SA) __ / A\ v __ _k Jr Kyj _ k v 

(SH) or 2(SA) r\ kKn 2 r ~K M I< Al K A , k r ,C r C > ' (8o) 

This equation evidently expresses the fractional error in the titration of 
the total hydrogen in the ordinary case in which no salt of the acid or 
base is originally present in the solutions. 

Since equation (80) is a cubic with respect to k , a rigorous discussion 
of the best value and of the limiting values* of the indicator-function 
would be attended with mathematical difficulties. It is therefore of 
importance to note that the third term in the parenthesis is in practice 
entirely negligible in comparison with the second term, whenever even 
a very rough titration is possible. This is true since the ratio of the 
third to the second term is 2y t k/K Ai , since it may be shown (by sub- 

1 Therefore in the case of carbonic acid for which K& 2 = io ~ 4 K^ x the titra- 
tion of the first hydrogen is not possible with even a moderate degree of accuracy. 
But in the case of phosphoric acid, for which ** 2 X icr 5 A" Al the titration of the 
first hydrogen should be possible with an accuracy of not far from 1 per cent by taking 
care to secure a value of the indicator-function as nearly as possible equal to the best 
value. In the case of nearly all the organic dibasic acids, the ionization-constants 
for the first and second hydrogens do not differ from each other sufficiently to make 
a titration of the former at all possible. 
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stituting 2 yK At for K k in (37)) that fe/2 K M must be less than the frac- 
tional error, and since for all dibasic acids K Al is much larger than K Ki . 
(Considered from the standpoint of the chemical composition as expressed 
by equation (78), this signifies that 2(H 2 A) is negligible in comparison 
with (HA~) in a solution in which the acid has been almost wholly con- 
verted into the salt B 2 A or its ions.) Neglecting the third term in the 
parenthesis and writing ?E for the first member, equation (80) becomes: 

FK - (1 + K B / n C) - (1 + 2 Tl KJ r .f). (81) 

This will be seen to be identical with equation (31) expressing the error 
in titrating a monobasic add, except that it contains 2 y l K Ai in place 
of K a > and y 2 in place of y. It will also be noted that in the titration of 
a dibasic add it is the constants for the base and for the second hydrogen 
which determine the error, that for the first hydrogen having dropped 
out. 

20. Best Value and Limiting Values of the Indicator-Function for Ti- 
tration of the Total Hydrogen. — In view of the close correspondence of 
equations (81) and (31) just referred to, all the conclusions drawn from 
the latter in regard to the best value and the limiting values of the in- 
dicator-function for the titration of monobasic acids can be made to 
apply directly to the titration of the total hydrogen of dibasic acids by 
substituting 2y l K Ai for K A and y 2 for y , in expressions (33) to (40), in 
Table I, and in the discussions of those expressions and of that table. 
It is therefore unnecessary to consider in detail the conditions relating 
to the titration of the total hydrogen. 

V. Titration of Diacidic Bases with Monobasic Acids. 


21. Error in the Titration of the First Hydroxyl. — By a method entirely 
analogous to that just described for dibasic acids expressions may be 
obtained for the error in the titration of both the first and total hydroxyl 
of a diacidic base B(OH) 2 with a monobasic acid HA, the ionization- 
constants for the first arid second hydroxyls being represented by /sT Rl 
and K Bl and defined by the equilibrium equations : 


( BOH+XO H-) _ (B „ 

B(OH) 2 Bj K h (BOH+) " B *’ 

The so-obtained expression for the first hydroxyl is : 

« (SB) - (2 A) + Kn/ nQ __ 

* (2B) or (2A) kK Bl 


(83) 


rMj _+ Ka/T iQ ri k Kfr . 

- (84; 

T 2*^ w 

22- Best Value and Limiting Values of the Indicator-Function for Titration 
of the First Hydroxyl . — It will be seen that equation (84) corresponds 
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closely with (70), and differs from (31) only in the respect that it contains 
the additional term ( — 7*, kK B JK w y 2 ). By a treatment entirely analogous 
to that described in Section 18 expressions may be obtained for the best 
value and the limiting values of the indicator-function. The following are 
the forms applicable to the case where 

Kj^ X io(K w /K a )(i -I KJy x C) or > io~" 12 at 25 0 when K A = 1 and C^=o.i : 


‘""(vj' 0 <*5> 


k K 


WaA w 




( 86 ), 


and k 


ri^w( 1 _+ KbJTxQ 

pK n i 


or k > ~^ w when i£ Bj < 1 C. 




Bi 


IO 


(» ) (,§;)*<■ + K -. / r.o*- 


A', 


A' 1(1 r . ( ‘ + Au ' /n ) v ,8*. 


(87) 
(87«j 

(88) 
(89) 


23. Titration oj the Total HydtoxyL — For the error in this titration the 
following expression analogous to equations (31) and (81) may be obtained 
by a similar method of procedure: 

m - (I + 2 h h’j r f) (I -i Kj n C). (90) 

This will be seen to differ from equation (31) only in the respects that 
it contains 2 y t K Bi in place of K B , and y 2 in place of j. The conclusions 
drawn from that equation therefore all apply, after making these sub- 
stitutions, to the titration of the total hydroxyl of a diacidic base. 


VI. Summary. 

24. Summary . — It seems desirable to sum up the conclusions reached 
in this article which are of most direct application to the problems of 
volumetric analysis. 

The equilibrium relations of the two differently colored structural 
forms in which all indicators probably exist, and the equilibrium condi- 
tions under which such a pair of tautomeric substances can show sharply 
differentiated colors in acid and alkaline solution were first discussed 
(see Section 2). It was shown that, provided these conditions are ful- 
filled, the indicator can be treated in titrations as if it were a single acid 
or base having an ionization-constant which, though really a function 
of three equilibrium-constants, can be directly determined either from 
the color-changes exhibited by it in solutions of various hydrogen-ion 
concentration, or by any of the other methods commonly employed — - 
for example, by measurement of the conductivity of the indicator acid 
or base or by a study of the hydrolysis of its salt. 
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The well-known principle of the % theory of indicators was then formu- 
lated (in Section 3), according to which the proportion of the indicator 
acid converted into its salt, or of the indicator base liberated from its 
salt, ^determined solely by its ionization-constant ( K lA or K ni ) and by 
the hydrogen-ion concentration (H 4 *) in the solution ; and a series of lecture 
experiments illustrating this were described in Section 4. Defining the end- 
point of the titration as the condition where a definite proportion (a) 
of the indicator, as shown by the color, is so transformed, the equilibrium 
prevailing at the end-point is then expressed by the equations : 

(H + ) = K ja ( 1 — a) /ay — k , for an acid indicator; or 

(H 4 ) « (K W /K 1B ) (y(i — a) fa) k, for a basic indicator; 
where K w « (H + ) (OH“), and y represents the ionization of the indicator 
salt, which may be assumed to be equal to that of other salts of the same 
type. 

The symmetry in the equilibrium relations of acid and basic indicators 
and the impossibility of distinguishing them by their behavior in titra- 
tions was pointed out; and the term apparent ionization-constant (Kj) 
was introduced, this being defined for acid and basic indicators by the 
equations K x » K JA /y and K\ = ;/v w /iv TH , respectively, where y 
represents the ionization of the indicator salt in any solution in which 
its color serves as a measure of its concentration We then have for 
either an acid or basic indicator: (II + ) — K t (i — a) /a - k. 

Throughout the article the letter k is written in place of the lengthy 
expression preceding it in this equation ; and it is designated the indicator- 
function. This fundamental quantity was fully discussed in Section 5, 
the fact being emphasized that it depends on two factors, the ionization- 
constant of the indicator and the fraction of it transformed at the end- 
point. The limits within which the fraction transformed can be varied 
in practice were considered, it being pointed out that the experimental 
determination of these limits for each indicator would supplement in 
an important way that of its ionization-constant In the absence of such 
experimental data, it was suggested as a reasonable estimate that in the 
case of sufficiently soluble one-color indicators, like />-nitrophenol, the 
fraction transformed might be varied from 0.1 to 25 per cent., correspond- 
ing to a variation of k from 1000 K l to $K V When, however, the in- 
dicator has a limited solubility 5 , the largest value of k that can be secured 
is equal to K X (S — /)//, where 7 represents that concentration of the 
transformed part of the indicator which gives the depth of color suitable 
for the end-poirft. Attention was called to the facts that in Jhe case of 
two-color indicators, like methyl orange, the range was much smaller, 
since the fraction transformed must have a considerable value in order 
that its color may not be entirely obscured by the color of the untrans- 
formed part of the indicator; and that, on the other hand, such indicators 
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could sometimes be employed at both ends of their transformation, being 
in one ca.se say 10 per cent, transformed in the direction from acid to 
alkaline and in the other case 10 per cent, transformed in the other direc- 
tion, thus giving two values of k equal to about ioA'j and 1 / 1() K li respec- 
tively. 

It was shown in Section 6 that, if the indicator itself is not to require 
for its neutralization an appreciable pioportion of the base or acid used in 
the titration, its concentration (Sin) in the titrated solution must be less 
than pC I a for an acid indicator, or less than pC/(i — oi) for a basic in- 
dicator, where C represents the concentration of the salt, p the fractional 
error permissible in the titration, and a the fraction of the indicator 
transformed in the direction from acid to alkaline. 

Through formulation of the equilibrium and condition equations in- 
volved and the combination of these, the following practically exact 
expression was derived in Sections 7 and 8 for the fractional error FE 1 
incurred in the titration of any monobasic acid HA of ionization-constant 
K a and of any monacidic base BOII of ionization-constant K h when 
the indicator-function has any value k, the salt in the titrated solution hav- 
ing an equivalent concentration C and an ionization y x : 

hU -- jj^- (1 t- KJftC) — £-( 1 +K A /r l C). (31) 

It was shown in Section g that, when a neutral salt BA of the acid 
and base is originally present in the solution to be titrated, the fractional 
error in the titration is equal to that calculated by equation (31) mul- 
tiplied by the ratio which the sum of the quantity of that salt and of the 
quantity of acid or base used in the titration bears to the latter quantity. 
This also holds true when a neutral salt (BA' or B'A) is present which 
is a salt of a different acid or base (HA' or B'OH) provided the latter is 
of the largely ionized type. 

In later sections were derived expressions for the fractional error in the 
titration of combinations of other types of acids and bases, as follows : 

For the total hydrogen of a dibasic acid H 2 A with a monacidic base BOH, 
replace in (31) K k by 2 r t K Ai and r, by?> (81) 

For the total hydroxyl of a diacidic base B(OH) 2 with a monobasic 
acid HA, replace in (31) K B by 2 7l /v B3 and y x by y 2 . (90) 

For the first hydrogen of a dibasic acid H 2 A with a monacidic base BOH : 

m (1 + k b /ri c) - ^ (1 + Kj n c) + ^ A> . (70) 

1 Meaning thereby the difference between the quantity of add or base originally 
present and the quantity of standard base or add added when the end-point has been 
reached, divided by either of these quantities. The percentage error is, of course, 
equal to 100 FE. 
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For the first hydroxyl of a diacidic base B(OH)., with a monobasic, acid HA : 

T l^W , ,.r /„ r-, Tl k , T.' Ti k K»t 


FE = 


kK, 


(i +KJ h C)- 


K. 


(i + Kj r f) 




(84) 


In these expressions K Ai and K M represent the ionization-constants 
for the first and second hydrogens of the acid as defined by the equations 
(H+)(HA-)/(H,A) K Ai and (H t )(A~)/(HA“) - K At , K hl and K Vl ; 
represent the ionization-constants for the first and second hydroxyls of the 
base correspondingly defined ; C represents the equivalent concentration 
of the salt in the titrated solution ; and and y 2 represent the degrees of 
ionization in the titrated solution of the salts of the uni-univalent and 
unibivalent types. Average values of these degrees of ionization at 
various concentrations will be found in tables given in Sections 8 and 1 7. 

For the titration of a more ionized add II A in the presence of a less ion- 
ized add HA' with a monacidic base BOH : 

r £ <» + K JnQ •+ -z'k- . ( 47 ) 


FE 


T £~ (1 + KJr ' C) 


i a rf k 

For the titration of a more ionized base BOH in the presence of a less 
ionized base B'OH with a monobasic add HA : 

, %r 1 kC'Kfi' 


FE 


kK v 


(1 + KJyfi) 


hk (1 + 

k a {1 


KJr ,Q 


nCK v 


(, 54 ) 


The C'/C occurring in the last terms of these equations is equal to the 
ratio of the quantities of the two acids HA' and HA, or of the two bases 
B'OH and BOH, originally present in the solution to be titrated; and I< A , 
and K a , or K B and K B ,, are the ionization-constants of these two acids or 
bases. 

By these expressions the fractional error can be readily calculated 
in any case where the values of the ionization-constants involved and 
of the indicator-function are known. The error can evidently be reduced 
by securing an appropriate value of the indicator-function, which may 
be done by choosing a suitable indicator and taking care that the proper 
fraction of it is transformed at the end-point. Other sections of the article 
are therefore devoted to the derivation of expressions for the best value 
of the indicator-function and for the li m iti n g values permissible in the 
different cases, and to a consideration of the conditions, under which 
the titration ceases to be practicable with any indicator. 

By placing in each of the seven equations just considered the first 
member FE equal to zero, and solving the equation for k, expressions 
were obtained for the value which the indicator-function k must have in 
order that the titration may be perfect. The expressions for the “best 
values” ( k 0 ) of k so obtained are for the seven cases as follows: 
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For the titration of a monobasic acid and a monacidic base : 

k m /«w(L+^B/riQ\* / \ * 


,K m (i + Kn/ ri C)\* 

( Ka \ 

v ) 

[i+Kjnc) 


For the titration of the total hydrogen of a dibasic acid with a monobasic 
acid, replace in equation (33) K A by 2y x K M and y x by y 2 . 

For the titration of the total hydroxyl of a diacidic base with a monobasic 
acid, replace in equation (33) K B by 2y x K lh and y x by y 2 . 

For the titration of the first hydrogen of a dibasic acid with a monacidic 
base, when K M >io(KJK n ) (i + KJ ri C): 

K ~ (ndtjno) *■ 

For the titration of the first hydroxyl of a diacidic base with a monobasic 
acid, when io(KJK a ) (i + KJ^C): 

K = ( ) * ( 1 + K^/rJO) \ ( 85 ) 

For the titration of a more ionized acid HA in the presence of a less ionized 
one HA', when (K A ,C'/C) > 10 (KJK a ) (i + S K / n Q: 


( C'K a >K a 

\C(l+K./r. 


'Ka \* 
A/nC)) • 


0 n \C(i+K K /nC)) • 

For the titration of a more ionized base BOH in the presence of less 
ionized one B'OH, when (K u ,C f /C)> io(K w /K a ) (1 4 KJy x C)\ 

l ..r> /C(l±K 9 frfi)\* 


(- 


C'K n ,X B 


The applicability of the last four equations is not greatly limited by 
the restriction that the ionization-constant for the hydrogen that is not 
to be titrated must be greater .than 10 (/f w /X AorH ) (1 + K AorB /yC)\ 
for this quantity has at 25 0 (where K w ~ io~ 14 ) a value of only about io~ 12 
when the titration is made, as it usually is, with an almost completely 
ionized univalent base or acid (for which K B or K A =■ 1), such as sodium 
hydroxide or hydrochloric acid. (This restriction and these statements in 
regard to it apply also to the corresponding equations presented below.) 
If K m or K B9 is smaller than 7 ion of this quantity (thus smaller than 
io~ 14 at 25 °) the dibasic acid or diacidic base may be treated as a monobasic 
or monacidic one; and if (K A ,C r /C) or ( K n ,C'/C ) is smaller than 7 km. 
of this quantity, the presence of the less ionized acid or base can be dis- 
regarded. In the intermediate case more complex formulas than those 
given above must be used, in regard to which reference may be made 
to Sections 18, 22, 13, and 14. 

By placing in each of the seven equations for the fractional error the 
first member FE equal to ±p and solving for k, expressions can be directly 
obtained for the maximum and minimum values which the indicator:- 
faction k may have without giving rise to a fractional error numerically 
greater than any assigned value p. The expressions so obtained are: 
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(38) 


For the titration of a monobasic add with a monaddic base, or the re- 
verse * 

»< . -fS - and k > rM + Wr.Q 
< rM+KJrP) (37) ’ P K * 

For the titration of the total hydrogen of a dibasic acid, replace in (37) 
K a by 2 t x K m and y x by y 2 \ and for the titration of the total hydroxyl 
of a diacidic base, replace in (38) K B by 2y t K B2 and y x by y 2 . 

For the titration of the first hydrogen of a dibasic acid with a nearly 
completely ionized base: 

pK A, L . 


k < 


r t (i + K Jn c ) 


(72); and fe > 


ra° 


For the titration of the first hydroxyl of a diacidic base with 
completely ionized acid: 


k < 




(86) ; and k > 


rA'w(i + KnJriQ 


( 73 )- 

a nearly 

(87). 


pK Bl # 

For the titration of an acid HA in the presence of another acid HA', 
with a nearly completely ionized base: 


k < 


pK A 


(50) ; and k > 


C[Ka 


(5i). 


nd +KJnC) ' PTiC 

For the titration of a base BOH in the presence of another base B'OH, 
with a nearly completely ionized acid: 


< ; and k > 


r ,AT w (i + K B / Tl C) 
PK b 


(58). 


fiy these expressions the practical limits between which the indicator- 
function must lie can be readily calculated for any given combination of 
acid and base. It will be observed that in the first three cases, where 
the total acid or base present is to be titrated, the upper limit for k is 
determined by the ionization-constant of the acid and the lower limit 
by that of the base; that, in the case of the titration of the first hydrogen 
of a dibasic acid or of one monobasic acid in the presence of another, 
the upper limit is determined by the ionization-constant for the hydrogen 
that is to be titrated, and the lower limit by that for the hydrogen that 
is not to be titrated; and that the reverse is true in the case of the titration 
of the first hydroxyl of a diacidic base, or of one monacidic base in the 
presence of another. 

It has been shown that, although theoretically there is a value of the 
indicator-function which would make a perfect titration possible for any 
combination of acid and base, yet in practice, since that best value k 0 
can be only approximately realized, it ceases to be possible to make the 
titration with reasonable accuracy when the ionization-constants of the 
base and acid assume too small values. 'Hie following expressions were 
derived in order to show how great the ratio of the actual value k to file 
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best value k 0 may become without causing the fractional error in the 
titration to exceed any assigned value : 

For the titration of a monobasic acid and a monacidic base; 


Fii - n (*° - £ ) (^J Vi + KjnOHi+Kjrf)'- (35) 

For the titration of the total hydrogen of a dibasic acid or the total hy- 
droxyl of a diacidic base, replace in this equation y x by y 2 and K A by 
2 ri K A*- or Ti by n and A„ by 2 Tx K w respectively. 

For the titration of the first hydrogen of a dibasic acid : 

FK = Ti(j — k J ( h K A ) (l + (76) 

For the titration of the first hydroxyl of a diacidic base, replace in this 
equation K M by and K Ai by A Bl . (88) 

For the titration of one monobasic acid IIA in presence of another, less 
ionized one HA', 

PE " ( * “ i) ( C CK*') >( ' (5J ) 

For the titration of one monacidic base BOH in presence of another 
less ionized one B'OH, one should replace K A , by K B , and K A by K B in 
this equation. 

Since the factors of the form (i 4- K / y t C) * never have a value very 
different from unity, how small k Q /k or k/k Q must be to prevent the error 
FE from exceeding any assigned value depends mainly on how small 


the value is of 


b' 


A„ 


A a , a», ck. 


A' 


*KjJ<b 2 K aK b ; K m 


or 


CK 


B' 


a„; ca a ’ “* ca b 

0 corresponding to a fractional 


The numerical values of k Q /k or k/k t 
error of o.i per cent., to a series of values of K W /K A K B or of any other 
of these seven quantities, and to different values of (i + Kjy x C) have 
been calculated and tabulated on page 836. This table shows that 
as any of these seven quantities increases, greater care must be taken 
to bring the actual value k of the indicator-function closer to the best 
value fe G , and when any of them becomes as large as io~ 8 , the ratio k Q /k 
or k/k 0 must be given a value so small as to approach the practically 
attainable limit; namely, a value less than 7.4 when K A or K B == 1 and 
C = 0.5, and one less than 2.7 when K A or K n = 1 and C = 0.05. The 
table, as illustrated by this example, also shows that the smaller the con- 
centration C of the titrated solution, the smaller is the limiting value of 
k 0 /k or k/k 0 at which the titration is still possible with a given accuracy, 
and therefore that it is advantageous to titrate in a solution as concentrated 
as possible whenever the titration is sensitive to error and a strong base 
or acid is involved in it. 
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It was also pointed out, since the actual value of the indicator-function 
must be made to approach the best value more closely as KJK A K Bt 
K yr /2K Ai K B or Kj2K A K Bt increases, and since AT W increases very 
rapidly with rising temperature (thus from io“ 15 at o° to io“ 14 at 25 ° 
and io~ ls at 65°), that it is advantageous to make the titration at as low 
a temperature as possible, provided the total acid or base present is to be 
titrated. 

The following expressions, showing the maximum values which any 
of the seven quantities above referred to may have without causing the 
titration to become impracticable, were obtained from the equations for 
FE by denoting the minimum value of (k Q Jk — k/k Q ) which one can hope 
to realize in practice by /? and representing the fractional error permissible 
in the titration by p t and transforming : 

For the titration of a monobasic acid and monacidic base: 

jf f ■ r\ (i + K A / Tl C)(T + KJ ri C) < £. , (40) 

For the titration of the first hydrogen of a dibasic acid : 

K Al (j?) (l + K m/TiQ < p • (77) 

For the titration of one monobasic acid HA in the presence of another 
less ionized one HA' : 

(1 +K A / r ,C) < ^ . • (53) 

For the titration of the other combinations the same substitutions are to 
be made in these expressions as in the previous cases. 

It was shown in Section 12 that the smallest value of k Q /k or kjk 0 that 
one can ordinarily hope to realize may be fairly estimated to be in the 
neighborhood of 3.5. Since under this assumption /2 2 is equal to 10, we 
may conclude that the first members of the preceding inequalities must 
not have a larger value than io“ 7 , io" 6 , and io~ 6 if the error (p) in the 
titration is not to exceed 7io» 7s> and 1 per cent., respectively. 

By the first of these inequalities one can also calculate the minimum 
value which the product K A K B may have under .various conditions. 
It is evident that this minimum value will be smaller, the greater the con- 
centration C of the titrated solution and the lower the temperature (owing 
to the variation of AT W with the latter). It may also be pointed out that 
under ordinary conditions (say at 25 0 with the concentration 0.1 normal) 
the minimum value, which K A or K B may have is about icr 8 , io~ 7 , or 
io~ 8 if the acid or base is to be titrated with an accuracy of 7io> l U> or 
1 per cent, with one of the nearly completely ionized bases or adds. The 
same statements apply to the product 2 K A9 K B in the case of a dibasic 
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acid, and to the product 2K A K Bf in the case of a diacidic base; also to 
the values of 2K A% and 2 K B% . 

The more important of the foregoing considerations relating to the 
best value and the limiting values of the indicator-function may be ex- 
pressed in the form of simple practical rules which, though only approxi- 
mately correct, have sufficient accuracy for almost all purposes. These 
rules may be derived from the equations for k Q and from the inequalities 
containing k and p by putting 7 equal to unity, by putting also the expres- 
sions of the form 1 -f K/yC equal to unity when they refer to acids or 
bases that are not largely ionized, and by assigning to expressions of the 
form 7(1 + K/yC) /K the medium value 1 10 and to K A or K B the value unity 
when they refer to the most completely ionized acids or bases. The rules 
are as follows : 

In order that a not largely ionized acid or base may be titrated with 
one of the most largely ionized bases or acids with a fractional error not 
greater than p, it is essential that the indicator-function k have a value 
which is greater than the “minimum value” and less than the “maximum 
value” given in the following table; and in order to assure the fulfilment 
of this requirement, it is advisable in any titration sensitive to error 
to aim to secure a value of the indicator-function as nearly as possible 
equal to the “best value,” whose square is given in the table. 2 

Table 2. — Approximate Expressions for the Maximum, Minimum, and Best 
Values of the Indicator-Function. 


Titration, with a largely 

Square of Maximum 

Minimum 

Function for limit 

ionized base or acid, of 

best value. 

value. 

value. 

ol titratability 

A monobasic acid 

io/C w ATa 

pK A 

ioK w /p 

ioK w /K a 

A monacidic base 

The total hydrogen of a di- 

‘/ 10 iC w /iC B 

V,/ 

K„/(pK B ) 

ioK w /K b 

basic acid 

The total hydroxyl of a di- 

ioK w 2K a , 

plK A, 

loK^/p 

ioK w /2Ka, 

addic base 

The first hydrogen of a 

y I0 Kw/2K Ba 

V ? 

/10 

K w /(piK b.) 

joK v ,/ 2K b , 

polybasic add 

K M K M 

pKAi 

KkJp 

KaJK a. 

The first hydroxyl of a 
polyacidic base 

K v ‘ 

K^Kn, 

pKw 

K B. 

pKhi 

KbJK Bl 

One monobasic add (HA) 





in the presence of an- 
other (HA') 

KaKa’C' 

pK A 

KA<y 

Ka-C' 

c 

pC 

KaC 

One monaddic base (BOH) 
in the presence of an- 
other (B'OH) 

KvK 

CK w 

Kyr 

Kb’C' 

K b Kb’C' 

P C’K D ' 

pKb 

K b C 


1 When K »= 1 as it is approximately for such adds as HC 1 and HNO s and such 
bases as NaOH and KOH at 0.1 normal, the value of r(i + K/fC)/K varies from 
about 3 when the titrated solution is 0.5 normal, to about 21 when it is 0.05 normal. 

* For the significance of the various K’s and C’s in this table see the third and 
fourth pages of this Summary. For an example illustrating the use of the table, see 
the foot-note at the end of the artide. . \ 
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The table also contains in the last column that function of the ioniza- 
tion-constants whose value determines the limit beyond which the titra- 
tion becomes impracticable. This limit depends also on how small a 
value of (k Q /k — k/k Q ) it is possible to realize. If we represent by /9 
the minimum value of the latter quantity attainable, the following rule 
in regard to the limit may be stated : 

In order that the titration of a not largely ionized acid or base with 
one of the most completely ionized bases or acids may be made with a 
fractional error not greater than p, it is essential that the quantity given 
in the last column of the table have a value less than that of the ratio 
p 2 IP 2 . If we adopt the estimate that the value of k Q /k or k/k Q may be 
made as small as 3.5, but not smaller without taking unusual precautions, 
then /? 2 « 10 approximately; and we may conclude that the titration 
ceases to be practicable with an accuracy p when any Of the functions 
of the ionization-constants given in the preceding list become greater 
than 7i</; thus greater than io“ 7 for an accuracy of 7 10 f&r qpnt., greater 
than io _fl for an accuracy of 7s per cent., and greater than icr 5 for an 
accuracy of 1 per cent. 

VII. Appendix. 

25. Values of the Ionization-Constants of Indicators . — The application 
of the principles developed in this article to the various practicable ti- 
trations involves the use of a series of indicators with ionization-constants 
varying in value by gradations from about io‘ 3 to io~ n . Unfortunately, 
our knowledge of the ionization-constants of the numerous available 
indicators is at present for the most part inexact, and needs to be supple- 
mented by further careful investigations. Extensive preliminary studies 
of indicators in this direction were first made by Friedenthal, 1 Salessky, 2 
Fels, 8 and Salm, 4 who have published tables showing roughly the hydrogen- 
ion concentration at which a large number of indicators undergo change 
in color, in connection with which it may be recalled that the ionization- 
constant of an indicator is equal to the hydrogen-ion concentration at 
which it is one-half transformed into its salt. A more careful investigation 
by the colorimetric method has been made by Salm 5 with the object of 
obtaining better values of the constants for several of the. more important 
indicators. A quantitative study of phenolphthalein has also been 

1 Z . Elektrochcm., io, 113 (1904). 

% Ibid., xo, 204 (1904). 

8 Ibid., xo, 208 (1904). 

4 Ibid., xo, 344 (1904). 

5 Z . physik . Chem., 57, 492-7 (1907). 
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made colorimetrically by McCoy, 1 Hildebrand, 2 and Wegscheider; 3 and 
the ionization-constant for /’-nitrophenol has been determined by the 
ordinary conductivity method by Bader, 4 Hantzsch, 5 Holleman, 6 and 
Lund6n. 7 

The following table contains the values of the apparent indicator- 
constant Kj (as defined at the end of Section 3) derived from these quan- 
titative investigations, the data being those of Salm, except in the case 
of phenolphthalein where the geometrical mean of the values obtained 
by him, McCoy, and Hildebrand, 8 is given, and except in the case of 
/>-nitrophenol where the ratio of the mean value 0 (excluding Bader's) 
derived from the various conductivity investigations to 0.83 (the value of 
X at 0.1 normal) is adopted. In the case of the basic indicators, the 
value given is that which the constant would have if the indicator were 
regarded as an acid. 

Table 3. — Ionization-Constants ok Indicators. 

Diinethylatninoazobenzene. . . 7 X io~ 4 Alizarin 9 X io“ 8 

Methyl orange 5 X io“ 4 Cyanin 2 X 10“* 

/>-Nitroplienol 9 X io~ 8 Phenolphthalein 2 X io~ 10 

Rosolic acid l X io“ 8 

It is to be borne in mind that it is not the ionization-constant itself, 
but the product obtained by multiplying it by (1 — a) /a, where a is the 
fraction of the indicator transformed into its salt at the end-point, that 
is directly involved in the applications of the theory to volumetric analysis. 
It is therefore important to know also the limits between which the frac- 
tion transformed and therefore this product, designated throughout 
this article the indicator-function k, can in practice be varied, by adding 
different quantities of the indicator. In accordance with the considera- 
tions of Section 5 and the experiments communicated in the foot-notes 
thereto, the following values may be provisionally given as representing 

1 Am. Chem. 31, 503 (1904). 

2 Z. Elcktrochem., 14, 351 (1908). 

* Ibid., 14, 510 (1904). 

4 Z. physik. Chem., 6, 297 (1890). 

* Ber., 32, 3070 (1899), 

* Rec. trav. chim. Pays. Bas, 21, 444 (1902). 

7 J. chim. physique , 5, 586 (1907). 

8 Salm’s value is 8 X io~ 10 , McCoy’s 0.8 X io" 10 , Hildebrand’s 1.7 X io~ l °, and 
Wegscheider’s 1.8 X io~ 10 . This disagreement illustrates the uncertainty which is 
probably attached to the other values obtained by the Salm method, which involved 
electromotive-force measurements with hydrogen-gas cells. 

* The separate values are 12 X io“ 8 (Bader), 9,6 X io~ 8 (Hantzsch), 6.5 X io~ 8 
(Holleman), and 7.0 X io“ 8 (Lund£n). 
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roughly the values of the indicator-function k practically attainable with 
certain indicators. 

Table 4. — Provisional Values op the Indicator-Function Attainable with 

Various Indicators. 

Dimethylarninoazobenzene: o. i A r j or 7 X io~ 3 . 

Methyl orange: 0.1 Kj or 5 X io~\ 

/>-Nitrophenol: 1000 K\ to $Ki or 9 X io~ 5 to 3 X io~ 7 . 

Phenol phthalein: 20 Ki to 3^1 or 4 X icr 9 to 6 X io~ l °. 

26. Values of the Ionization-Constants of Acids and Bases . — To 
facilitate the application of the principles and formulas de- 
rived in this article to actual titrations, the ionization-constants of most 
of the important inorganic acids and bases at or near 25 0 have been 
brought together in the following table, and references to summaries of 
those of the organic acids and bases are given below. 

Table 5. — Ionization-Constants of Inorganic Acids and Bases. 


Mouobasic acids. 

K A . 

Poly basic 
acids* 

K Ax . 

A' ia .* 

HC 1 , HBr, HI 

I 

H a S 0 4 8 

1 

3 x icr 2 

HNO„ HC 10 3 , HCIO.. . . . 

I 

H 2 Cr 0 4 7 

1 

6 X io“ 7 

HNCy 

5 X io“ 4 

h 2 so 3 « 

1 . 7 X 10” 2 


HCIO* 

. . 4 X io~ 8 

H3PO4 9 

1 . 1 X io~ 2 

2 X IO“ 7 

HCN 3 

. . 7 X io' 10 

H 3 As 0 4 u ’ 

5 X io ~ 3 


HH t B(V 

. . 7 X io” 10 

H a CCV u 

3.0 X io“ 7 

3 X io” u 

HHjAsO/ 

. . 6 X io” 10 

H 8 S 13 

9.1 X io“ 8 

1 X io- 18 


Monacidic bases. A'b. 

KOH, NaOH 1 

(JBa)OH, (JCa)OH 13 0.3 

NH 4 OH.... 1.8 X io~‘ 


* ICai "■ ionization-constant for the first hydrogen, = that for the second 
hydrogen. 

‘Schumann, Her., 33, 582 (1900); Blanchard, 7 . physik. Chem 41, 706 (1902)! 
Bauer, Ibid., 56, 220 (1906). 

* Sand, Z. physik. Chem., 48, 614 (1904). 

* Walker, Ibid., 32, 137 (1900); Madsen, Ibid., 36, 293 (1901). 

4 Lund£n, J. chim. physique, 5, 580 (1907). 

a Wood, J. Chem. Soc., 93, 41 1 (1908). 

8 Noyes and Eastman, Carnegie Institution Publications , 63, 274 (1907). 

7 Sherrill, This Journal, 29, 1673 (1907). In the case of H a Cr 0 4 the relations 
are somewhat complicated by the fact that the HCr 0 4 ~ ion goes over partly into Cr 8 0 7 
by dehydration. 

8 Kerp, Chem. Abstracts, 4, 442 (1910); Drucker, Z. physik. Chem., 49, 581 (1904). 
8 Abbott and Bray, This Journal, 31, 760 (1909). K a, for H 3 P 0 4 «= 3.6 X xo“ 13 . 

10 Luther, Z. Elektrochem., 13, 297 (1907). 

11 Bodl&nder, Z. physik. Chem., 35, 23 (1900); McCoy, Am. Chem. J., 29, 455 (1903). 
11 Auerbach, Z. physik. Chem., 49, 220 (1904); Knox, Trans. Faraday Soc., 1908, 43. 
11 Since barium and calcium hydroxides, like the tri-ionic salts, apparently do not 

dissociate in stages with formation of the intermediate ions BaOH + or CaOH+, they 
can be regarded as monaddic bases. 
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A comprehensive list of the ionization-constants for organic monobasic 
acids, for the first hydrogen of organic polybasic acids, and for organic 
monacidic bases, is given in Kohlrausch and Holborn’s “Leitvermogen der 
Electrolyte’' (pp. 176-94) ; and a more nearly complete one will be found in 
Lund6n's monograph on “AfiBnitats messungen an schwachen Sauren und 
Basen” (pp. 81-102) in Ahrens’ Sammlung chcmischer und chemisch-tech- 
nischer Vortrdgc . Values for the specific acids and bases will also be 
found under them in Beilstein’s and in Meyer and Jacobson’s “Handbiicher 
der organischen Chemie.” The facts must not, however, be overlooked that 
the values given in all these books except Lund6n’s are 100 times the true 
ionization-constants, which have been employed throughout this article; 
and that in the case of dibasic acids the values given are ordinarily those 
for the first hydrogen, while it is those for the second hydrogen that are 
involved when the total acid is to be titrated. Values for the constants 
for the second hydrogen of many dibasic acids will be found in an article 
in This Journal by Chandler. 1 

With the aid of Table 2, given near the end of the summary, and the 
data presented or referred to in this section and the preceding one, the 
conditions for realizing a satisfactory titration of any particular slightly 
ionized acid or base may be readily derived; or, if the titration is not 
practicable, the fact that such is the case may be determined. 3 

Boston, May 1910. 

1 This Journal, 30, 713 (1908). 

2 A concrete example may facilitate the application of these considerations by 
analysts. Suppose that butyric acid is to be titrated with sodiutn hydroxide. We 
find by reference to the summaries of Kohlrausch and Holborn or Lund£n or 
to Meyer and Jacobson’s text-book that the ionization-constant K A for this acid 
is 1.5 X io~ 5 . Referring to the first row of Table 2, we find that the best value of the 
indicator-function k for the titration of a monobasic acid by a largely ionized base is 
equal to ioK w Ka; therefore for this acid at 25 0 where 7 C W « io” 14 , it is 10X io“ H X 
1.5 X io~ a or 1.2 X io” 2 . Reference to Table 3, in Section 25, shows that this value 
may be secured by using phenolphthalein (for which A'i is 2 X io~ 10 ) and causing it 
to be about 14 per cent, transformed into its salt at the end-point (since 
k - Ai(i— ■ -a)/a - 2 X io~ 10 x 0.86/0.14 * 12 X 10“®), and reference to Table 4 in 
Section 25 shows that it is practicable to secure with phenolphthalein this fraction 
transformed (since it corresponds to a value of k equal to 6K1). 

The succeeding expressions in the first row of Table 2 show also that the maxi- 
mum and minimum values which the indicator-function must have, if an accuracy p is 
to be secured, are K&p and ioK^/p, respectively; so that in this case if an accuracy of 
0.1 per cent, (p *» 0.001) is to be secured, the value of the indicator-function must be 
between the limits 1.5 X io~ 8 and 10- 10 . This shows that the attained value of the 
indicator-function must not be greater than 10 times the best value just calculated or 
smaller than one-tenth of that best value. 
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THE THEORY OF THE DETERMINATION OF TRANSFERENCE 
NUMBERS BY THE METHOD OF MOVING BOUNDARIES. 

By Gilbert N. I«bwis. 

Received May a, 1910. 

In spite of the very important r61e that the transference numbers of 
electrolytes have played in chemical theory, since Hittorf developed 
sixty years ago the method of determining these quantities by analysis 
of the electrode solutions, few really accurate transference numbers have 
been obtained. This is doubtless due to the very great patience and 
experimental skill demanded by the Hittorf method. The much simpler 
method of moving boundaries which was first conceived by Lodge has been 
so far developed, especially by the recent experiments of Denison and 
Steele, 1 that it yields results showing a degree of reproducibility rarely 
attained by the analytical method. It is therefore desirable to subject this 
method to a careful scrutiny in order to see the precise relation between 
the transference numbers obtained by its means and those determined 
by the classical method of Hittorf. 

On account of certain discrepancies between the values obtained by 
the two methods it has frequently been surmised that these differences 
might be due to the existence of complex ions and that a comparison of 
the results of the two methods might therefore give some information 
as to the nature cj| the ions present in solution. The fallacy of this view 
has recently been clearly demonstrated by Lash Miller, 2 who emphasizes 
the fact that the direct method gives transference numbers that, when 
properly interpreted, are from every point of view identical with those 
obtained by the analytical determination of the amount of substance 
transferred from one electrode to the other during electrolysis. 

There are, however, two distinct analytical methods of determining 
transference numbers. In the first, which gives the ordinary or Hittorf 
transference number, the ratio of the amount of salt to a given amount 
of water at each electrode is determined before and after electrolysis. 
This obviously shows the actual transference of the salt only in case the 
water .itself is not transported by the current. The second method, 
which gives the so-called “true transference number/ 1 was first devised 
by Nerast, 8 and depends upon the use of some reference substance in 
solution which does not wander with the current, and with respect to 
which rather than to the . water the salt content at each electrode is de- 

1 Denison and Steele, Z. physik. Chem., 57, no (1906). Denison, Trans. Faraday 
Soc., 5, 165 (1909). 

* Z. physik. Chem., 69, 436 (1909). , . 

* Gottingen Naehricht, 56, 86 (1900). 
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termined. The practicability of this method has recently been demon- 
strated by the experiments of Buchbock 1 on hydrochloric acid and es- 
pecially by the very accurate investigation of the alkali chlorides by 
Washburn . 2 

If in any case there is a difference between the true and the Hittorf 
transference numbers, it is not at once obvious which, if either, of these 
values may be exactly calculated from the experiments on moving bound- 
aries. For normal sodium and potassium chlorides the true and Hittorf 
numbers are accurately known and these salts have been investigated 
by Denison and Steele with the moving boundary method. The trans- 
ference numbers of the anion obtained by the three methods are given 
in the following table : 

Hittorf.* True * 1). and S. 


KC1 (normal) 0.515 0.505 0.508 

NaCl (normal) 0.631 o 613 0.614 


The close agreement between the true transference numbers and those 
obtained by Denison and Steele was observed by Washburn, and led 
him to conclude that the method of moving boundaries gives immediately 
the true transference numbers. This view moreover has been accepted 
by Denison in a recent paper . 4 

We shall see, however, that the agreement is entirely accidental, and 
is due to the neglect of a correction which must always be made when the 
method of moving boundaries is employed, and which, although never 
entirely ignored by previous writers, has hitherto tyeen neglected in 
practice. In order to show the nature and magnitude of this correction 
let us consider the accompanying figure, which represents (diagrammatic- 
ally) the conditions of Denison and Steele’s experiments. The apparatus 
consists essentially of two electrode chambers, a straight tube AB, and 
two small tubes E and F into which the liquid rises to a certain height. 
Assume that the transference number of normal sodium chloride solution 
is sought A column of this solution is introduced into the center tube, 
and bounded by two solutions in one of which (LiCl) the cation has a 
smaller mobility than the sodium ion, and in the other of which (NaCjHgC^) 
the anion has a smaller mobility than the chloride ion. Under these 
circumstances a current sent through the cell, in the direction shown 
by the arrows, sharpens the boundaries A and B and causes them to move 
in opposite directions, say to A' and B'. Denison and Steele would now 

1 Z. physik . Chem. t 55, 563 (1906). 

* Technology Quart., 21, 288 (1908); This Journal, 31, 322 (1909); Z. physik. 
Ckem., 66, 513 (1909). 

4 These values for the normal solutions have been obtained by interpolating be- 
tween the values obtained by Washburn for 1.25 N solutions and the accepted values 
at infinite dilution. 

4 Trans. Faraday Soc.> 5, 165 (1909). 9 
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consider AA' proportional to the mobility of sodium, and BB' to that 

AA' B'B 

of chlorine, whence and ^ 7-— B , B are the transference 

numbers of cation and anion respectively. 



The positions and motions of the boundaries are referred to marks 
on the glass tube or read by a telescope which is stationary with respedt 
to the apparatus, and it is therefore obvious that any flow of the solution 
bodily through the tube would vitiate the results. Thus if during the 
experiment liquid were poured into the tube F and allowed to flow out 
at E, the boundary B would move more and the boundary A less than 
before, and entirely different transference numbers would be obtained. 
A like effect would be produced if the tube F were closed, and hydrogen 
gas evolved at the cathode. Here also there would be a considerable 
flow of solution thiough the middle portion of the apparatus. This 
is of course an extmne case and it is not difficult to find electrodes which 
permit no evolution of gas. Nevertheless there will always be a certain 
volume change at each electrode, and therefore to each of Denison and 
Steele’s transference numbers a correction must be applied which de- 
pends both upon the salt investigated and upon the kind of electrode 
used. 1 

In order to illustrate the mode of calculation of this correction and to 
obtain an idea of its order of magnitude, let us determine the volume 
changes at each electrode in a typical experiment of Denison and Steele’s, 
in which a normal solution of sodium chloride is electrolyzed with a 
cadmium anode and a cathode composed of a paste of lead a.ad lea d 
peroxide. Assume now that the tube E in the apparatus is closed and 
the tube F is open, and that one faraday of electricity passes, whereby 
the sodium boundary moves from the point A (on the glass tube) to the 
point A' and the chloride boundary from B to B'. The solution between 
A' and B' will remain unchanged. Now let C be the ori ginal position 

* The transference numbers obtained from moving boundaries without this 
correction are analogous to those obtained by the Hittorf method when the amounts 
of salt transported are referred, not to given weight of water, but, incorrectly, to die 
contents of a given volume of the apparatus. 


METHOD OF MOVING BOUNDARIES. 


865 


of what we may call an average water particle, and CC' the change in posi- 
tion of this particle due to flow of liquid caused by a volume change at 
the cadmium electrode; or, if this idea of the average water particle 
seems too indefinite, let C and C' be two points such that there is the same 
amount of water to the left of C' after the experiment as there was to the 
left of C at the beginning. It will now be obvious from our definition 
that if we measure the positions of A, and B from the point C and the 
positions A' and B' from the point C' we shall be referring the transference 
of salt to a given quantity of water 1 and thus obtain exactly the Hittorf 


transference numbers, which are, for the cation, N c 


AA' + C'C 

aa'Vb'b 


and 


for the anion, N A ** 


B'B — C'C 
AA' - B'B' 


To calculate the distance C'C, when one faraday passes, we must find 
the volume change occurring during electrolysis to the left of our “av- 
erage water particle.’ ’ In this calculation we may use a principle which, 
although not absolutely correct, is sufficiently so for our present purpose. 
This principle states that the volume of an aqueous solution differs from 
the volume of pure water which it contains, by a quantity that is pro- 
portional to the number of equivalents of the solute present. The pro- 
portionality constant is called the apparent equivalent volume of the 
solute. Thus in the present case the distribution of lithium chloride is 
changed by the electrolysis, since its concentration between A and A' 
will in general be different from that immediately to the left of A. 2 But 
the total amount of lithium chloride in the portion to the left of C will 
be unchanged and the volume therefore due to lithium chloride will re- 
main unchanged. The only changes that will affect the volume con- 
sidered are (1) the disappearance of one equivalent of metallic cadmium, 
which occupied 6.5 cc. ; 8 (2) the formation of one equivalent of cadm um 
chloride in solution where it has the apparent volume of 12.0 cc. ; and (3) 
the loss of N c equivalent of sodium chloride, N c being the Hittorf trans- 
ference number, for the cation, of sodium chloride. We have given 
above the value of N c for normal sodium chloride as about 0.37. The 
apparent equivalent volume of this salt is 18.0 cc. The total increase of 
volume, which is the volume between C and C', is then 12,0-6.5 — (0.37 
X 18.0) = — 1.2 cc. 

If now the tube E is open and F closed, the flow through the tube is 
determined by the volume changes in the right-hand portion of the ap- 
paratus. Here one equivalent each of lead peroxide (6.7 cc.) and of 

1 See also Lash Miller, Loc. cit. 

8 See Kohlrausch, Ann, d, Physik, 62, 237 (1897). 

• All data concerning equivalent volumes are taken or calculated from the tables 
of Landolt and BSrnstein. 
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water (9.0 cc.), and N A (=0.63) equivalents of sodium chloride with 
apparent equivalent volume t8.o cc. have disappeared, one each of lead 
(4.6 cc.) and sodium hydroxide ( — 4.1 cc.) have been formed. 1 The 
total increase in volume is therefore 4.6 — 4.1 — 6.7 — 9.0 — (0.63 X 
18) = — 26.6 cc. In the previous case, where the tube E was closed, 
we found the volume change hardly greater than the probable error 
of the calculation, but in the present case, with F closed, the change of 
2 6.6 cc. means a very considerable flow of solution through the tube 
from left to right. 

As a matter of fact Denison and Steele left both E and F open. This 
complicates the matter, but if we assume that both tubes were of the 
same diameter, then, since the solutions in the two tubes have about the 
same density, the volume change will be distributed evenly, and the flow 
of solution will be the mean of the two values we have just calculated, 

1.2 in one direction and 26.6 in the other. This is 12.7 cc. or in round 

numbers 13 cc. flow from left to right. * 

We have seen that the Hittorf transference numbers are to be calculated ' 
AA' + C'C B'B C'C 

by the equations N c = ^7“+ 3,3. N A = ^r + 3,3 while the Denison 
and Steele transference numbers, which we may represent by and 

XT' AA ' J B ' B tt XT XT' c ' c 

n a are AA' + B'B and AA' + B'B’ Hence Na Na AA' + B'B- 


Now since the tube A B has a uniform bore the quantities AA', B'B, 
C'C may represent volumes as well as distances. We will replace C'C 
then by v, which will denote the total flow of olution from cathode to 
anode when one faraday passes. It is obvious that AA' -f B'B, the 
total distance moved by both boundaries during the passage of one fara- 
day, is simply equal to the volume containing one equivalent of salt, 
which is the reciprocal of the equivalent concentration, c . The above 
equation therefore becomes, 

n a - K — VC. 

In the above case of normal sodium chloride, c *= j, v — — 0.013 (in 
liters), N A was found to be 0.614, hence N A , the Hittorf number obtained 
from Denison and Steele’s value, is 0.627. 

In the case of normal potassium chloride we may make a similar calcu- 
lation. Here N A is about 0.51 and the apparent equivalent volumes 
are 28.5 cc. for potassium chloride and 6.6 cc. for potassium hydroxide. 
Proceeding as before we find that the increase of volume is — 8.3 cc. 

1 Denison and Steele added a trace of acetic acid near tlie cathode and of alkali 
near the anode. These substances, if present at the electrodes, would make the reac- 
tions somewhat different from those given above. It seems, however, most probable 
that these substances were used up in the immediate neighborhood of the electrodes 
by the preliminary current which was always passed through before the readings 
were begun, and I have assumed this to be the case. 
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on the left side, and — 18.3 cc. on the right. Assuming again that tubes 
E and F are both open and of the same size, the flow of liquid, v, through 
the apparatus amounts to — 5.0 cc., that is, in the same direction as for 
sodium chloride. We must therefore add 0.005 to Denison and Steele's 
value to find the Hittorf transference number for the anion, and thus 
obtain 0.5 13 for the latter. 

These two transference numbers, 0.627 for normal sodium chloride, 
and 0.513 for normal potassium chloride obtained by the moving boundary 
method are close to those found by the analytic method, namely 0.631 
and 0.515. 

The uncertainty as to the exact conditions of Denison and Steele’s 
experiments makes it impossible to go further into these corrections; 
but we see at least that they are so large as to render it necessary in the 
future to carry out moving boundary experiments in such a way that the 
flow of liquid through the apparatus may be exactly determined. In 
general t would seem advisable that only one of the tubes, represented 
by E and F in our figure, be open at a time. The calculation of the 
correction would then be simplified. Moreover successive experiments 
with E open and with F open would give independent data, and thus 
furnish a mutual check. It would also be well to measure the total 
volume change in the apparatus after the passage of a given amount of 
current and compare with the calculated. 

Denison and Steele found that their transference numbers were much 
nearer those obtained by the Hittorf method, when they passed from 
normal to tenth normal solutions. The reason for this is evident from 
our equation, 

n a = n 1-*. 

Since the quantity v is nearly independent of the concentration, the 
difference between the Denison and Steele and the Hittorf numbers is 
only one-tenth as great in tenth normal as in normal solutions. Never- 
theless the difference even in tenth normal solution may in some cases 
amount .to 1 per cent, or more, and in most cases is larger than the ap- 
parent experimental error of the moving boundary method. 

So far we have made no assumption concerning the hydration of the 
ions, and our conclusions are equally valid whether or not water is itself 
carried with the current. But suppose now that in that portion of the 
apparatus lying between A and B there is present in solution a small 
amount of a non-electrolyte which is known not to migrate with the 
current, and let this substance extend to the point D where its boundary 
is recognizable by optical methods, or otherwise. Assume that the ions 
of the electrolyte under investigation are hydrated and that more water 
is carried by the cation than by the anion. As a result water will be 
carried during electrolysis, through the non-electrolyte, towards the 
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cathode, and while the point C, which we have defined above, moves to 
C', the boundary D will move a greater distance to D'. A little con- 
sideration will show that the difference between the volumes C'C and D'D 
is a direct measure of the volume of water carried by the current, and 
furthermore that the true transference numbers of the electrolyte are 

AA' 4- D'D 

given at once by the expressions, A - A/ , ^75 for the cation, and 


AA' + B'B 
In this case it is not even necessary to cal- 


B'B — D'D , . 

AA' + B'B for ““ “ ,0 ”' 
culate the volume changes at the electrodes, for these are measured 
directly by the movements of the boundary D. 

The only experimental difficulty in such an experiment as we have 
just proposed would be found in keeping the boundary D sufficiently 
sharp for accurate reading; for this boundary is not automatically sharp- 
ened by the electrolysis as in the case of the boundaries A and B. The 
difficulty seems, however, by no means insurmountable and this device* 
should furnish a very simple method of investigating ionic hydration, and 
true transference numbers. 1 

We have seen that the analytical method of Hittorf is capable of yield- 
ing the true transference numbers when a stationary non-electrolyte is 
employed, as in the experiments of Buchbock and Washburn. Another 
familiar method of obtaining transference numbers consists in the de- 
termination of the electromotive force of cells with and without trans- 
ference. I have shown in another place 2 that by the use of a stationary 
non-electrolyte it is possible to determine ionic hydrations and thus 
true transference numbers. These methods together with the pne out- 
lined above suggest that any method of determining the Hittorf trans- 
ference numbers may with some modification be made to yield true trans- 
ference numbers, but only by the employment of a non-electrolyte which 
does not migrate with the current. 

Summary. 

It is shown that the transference numbers of Denison and 'Steele are 
subject to a considerable correction on account of volume changes at the 
electrodes, the correction being larger, the more concentrated the solution. 
When this correction is applied the method of moving boundaries gives, 
theoretically and practically, the Hittorf transference numbers, and 
not the true transference numbers. 

1 Evidently when the amount of water carried by the current has been determined 
by some other method the true transference number may be obtained directly from the 
Denison and Steele values. It is to be noted that either the true or the Hittorf number 
is obtained from Denison and Steele's by making a correction for the volume changes 
at the electrodes. In the first case the volume change includes the volume of the 
water earned, in the second case it does not. 

2 This Journal, 30, 1355 (1908); Z. Elektrockem., 14, 509 (1908). 
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A method is proposed for obtaining true transference numbers from 
moving boundary experiments through the aid of a non-electrolyte which 
does not migrate with the current. 

Boston, Mass , April 16, 1910 


THE PHOSPHATES OF CALCIUM. IV . 1 

By Frank K Cambkon ani> James M. Bell. 

Received May 12, 1910 

Owing to the increasing importance of the phosphates of calcium in 
the fertilizer industry, a knowledge of their behavior in water and in 
solutions becomes increasingly important. Some years ago two papers 2 
were published from this laboratory, in which it was shown that at 25 ° 
the solutions, resulting from the mixture of the phosphates of calcium 
with water, always contain a greater ratio of P 2 0 6 /Ca 0 than does the 
original solid. Thus the effects observed are not merely solubility effects 
but there is also an hydrolysis. So, each of the phosphates of calcium 
may exist in equilibrium with a series of solutions, in which the ratios of 
P 2 0 6 /H 2 0 and CaO/H 2 0 vary between rather wide limits. 

► It was found that at 25 0 solid monocalcium phosphate could exist in 
equilibrium with solutions containing over 320 grams phosphoric anhydride 
per liter. Below this concentration the stable solid was dicalcium phos- 
phate. In the former analyses of these solids, only the ratio P 2 0 5 /Ca 0 
was determined, no estimation having been made of the amount of water 
of crystallization. The solids analyzed were always contaminated with 
the adhering mother liquor. In the determination of the above ratio this 
contamination is not a very serious source of error, as the mother liquor 
was present in small quantity compared with the crystals, and as the 
mother liquor was always much poorer both in phosphoric anhydride and 
in calcium oxide than were the crystals. Further, any determination of 
the amount of water would have been subject to an enormous error, as 
the percentage of water in the crystals is small, and that in the adhering 
liquid was very large. Consequently, the composition of the solid phase 
was taken as CaHP0 4 .2H 2 0, the ordinary dihydrate of dicalcium phos- 
phate. 

That this assumption seemed to be confirmed was indicated in a paper 
published subsequently by Bassett. 3 In this paper it was announced 
that above 30 0 the solid dicalcium phosphate dihydrate changed into the 
anhydrous salt. At 30 0 there is an invariant point, the five phases 
being the two forms of dicalcium phosphate (anhydrous and dihydrate), 
monocalcium phosphate raonohydrate, solution and vapor. Also it was 

1 Published by permission of the Secretary of Agriculture. 

* Cameron, Seidell and Bell, This Journal, 27, 1503, 1312 (1905), 

* Z. anor$. Chem>, 53, 34 (1907). 9 
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announced that 8o° was the maximum temperature at which the dihy- 
drate could exist, the five phases being the two hydrates of dicalcium 
phosphate, tricalcium phosphate, solution and vapor. Under these con- 
ditions there is a transition interval for the reaction 

CaHP0 4 .2H 2 0 7^ CaHP 0 4 4* solution 
between 30° and 8o°. Thus according to this publication the stable 
hydrate of dicalcium phosphate below 30° was the dihydrate, or possibly 
some higher hydrate. 

Later Bassett 1 corrected his early temperature measurements, this 
transition interval being given as from 21 0 to 36°. This work would 
indicate that at 25 0 the anhydrous salt would be the stable form in 
equilibrium with the more concentrated solutions. And, as the tem- 
perature 25 0 is nearer 21 0 than 36°, it would be supposed that the di- 
hydrate would exist over a much greater range of concentration than does 
the anhydrous salt. This supposition is, however, not confirmed by 
Bassett’s results at 25 °, for he finds that CaHP0 4 .2H 2 0 exists in equilib- 
rium with solutions below 0.5 per cent, phosphoric anhydride. Above 
this value up to 23 per cent, phosphoric anhydride in solution, the solid 
phase is CaHP 0 4 . Thus the transformation at 25 0 

CaHP 0 4 . 2 H 2 0 CaHP 0 4 + 2H 2 0 
has the same vapor pressure as an aqueous solution containing approxi- 
mately 0.5 per cent, phosphoric anhydride and 0.2 per cent. lime. It is 
obvious that this vapor pressure cannot be much below that of pure 
water. This result does not appear to be in accord with the following 
statement of Bassett. 2 “Ein solcher Versuch wurde begonnen, gab aber 
kein Resultat wegen des ausserordentlich geringen W asserdamp fdruckes von 
CaHPOt.zHjO:'* 

Owing to the confusion regarding the relative stability of the hydrated 
and the anhydrous dicalcium phosphate, the following experiments were 
made at 25 °. Solutions of phosphoric acid of varying concentration 
were prepared, the total volume of these solutions being 180 cc. To 
each mixture weighed quantities of potassium chloride (about 5 grams) 
were added and Kahlbaum's tricalcium phosphate in sufficient quan- 
tity to give a permanent precipitate. The reasons for the addition of 
potassium chloride should be further explained. As has been stated 
above, an analysis of the solid phase with the adhering mother liquor is 
useless to determine the water present in a solid. Also, the residue 
method of Schreinemakers 4 and Bancroft 5 fails, because the line joining 

1 Z. anorg. Chem. t 59, 1 (1908). 

3 Loc. cit., p. 40. 

* The italics are ours. 

4 Z. physik. Chem. t 11, 81 (1893). 

9 J. Physic, Ghent., 6, 178 (1902). 
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the two points (representing CaHP0 4 .2H 2 0 and CaHP 0 4 ) is almost 
parallel with the tie lines, and consequently very slight errors of analysis 
of the solution or of the solid residue might give erroneous results regard- 
ing the composition of the solid phase. A modification of this method, 
the “ tell-tale” method, 1 was employed. This differs from the method of 
residues in this way. By the method of residues lines joining the points 
representing solution and residue are joined and produced. Where 
three or more such lines pass through a point, the point represents the 
composition of the solid phase. By the “tell-tale” method, it becomes 
possible to calculate the quantity of liquid adhering to the crystals, and 
consequently to calculate how far to produce this tie line. Where the 
different tie lines met at a large angle, the first method has been used 
generally, but where tie lines meet at a very small angle, the second 
method is to be preferred. One condition to be fulfilled in this latter 
case, is that the “tell-tale” substance must be present only in the liquid 
phase. That the condition was satisfied here was indicated by the analysis 
of the liquid phase, for almost exactly the calculated quantity of chloride 
was found per unit of solution. Consequently this quantity is a measure 
of the quantity of solution adhering to the solid. Also from an analysis 
of the liquid the quantity of all the components present in the adhering 
liquid may be estimated. By subtracting these from the quantities found 
by analysis in the total residue, the composition of the solid may be found. 
In every case the quantity of water was determined by difference and so 
all the errors of experiment are heaped on these values. In spite of the 
fact that a slight error in the chloride determinations is multiplied many 
times in the corresponding quantities of water and that the water in the 
solid is the difference between two large values, the results by this method 
give fairly concordant values for the composition of the solid phases. 
The following table gives the results of the analyses: 


NO 

Total 

CaO. 

Solution. 

p«o 5 . 

KC 1 . 

Table. 

H *>0 

Total 

Cat) 

Residue. 

P c O„ 

KC 1 

HgO. 

1 1 2 

25 014 

0 052 

O.152 

O.685 

24.125 

9.162 

1 934 

2 336 

0 099 

4-793 

”5 

24.528 

O 103 

O.290 

O.659 

23'476 

10.531 

2.439 

3-033 

0 091 

4 968 

119 

26 196 

O 249 

0.685 

O.703 

24-559 

8.463 

1 609 

2 054 

0 . 102 

4 698 

122 

15.701 

O.252 

0.741 

O.409 

14.299 

7 278 

i 774 

2.271 

0 053 

3.180 

126 

5-469 

0. 161 

O.500 

0.134 

4.674 

11 .627 

2 719 

3 561 

0.094 

5-253 

l2 7 

3656 

O 158 

O 585 

O 0 C )0 

2 .823 

21.495 

5 745 

8 134 

0.189 

7.427 

130 

5254 

0.287 

1 355 

0.106 

3 506 

H 797 

2 095 

6 051 

0.157 

6.494 


The calculations of the compositions of the solid phase for one mixture 
(No. 126) follow. The ratios of the components in the residue, the solution 
and the solid are as follows : 

1 Bancroft, J. Physic. Chem.,g t 558 (1905); later called the “tell-tale” method by 
Kenrick, J. Physic. Chem\, 12, 693 (1908). 
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KC1. CaO. P 8 0&. H*0. 

Residue i 28.93 37.87 55-88 

Solution * 1 1.20 3.73 34.88 

Solid 27-73 34. 14 21.00 


The values for the solid are the differences between the corresponding 
values for the solution and residue. In molecular ratios the values for 
the solid are 

2.06 CaO : 1.00 P 2 0 6 : 4.86 H 2 0 . 

The following table gives the molecular ratios calculated similarly for 
the solids in each of the other mixtures: 


Table. 


No. 

CaO. 

P 2 0r, 

H»0. 

Composition of solids. 

1 12 

2 .11 

X 

4-39 


IX 5 

I 94 

l 

4 - 5 1 

2CaO.PjOj.5HjO 

119 

2.03 

1 

4.66 

or 

122 

2 .02 

I 

4.78 

CaHP0 ( .2H 2 0 

126 

2 .06 

I 

4.86 


127 

1.99 

I 

1.72 


130 

I .04 

I 

2-55 

CaO.PjOj.3HjO 


or 

CaH 4 (P 0 4 ) 2 . ii a O 

It is evident from these results that the stable solid phase up to a con- 
centration of about 15 per cent. P/X, is CaHP0 4 .2H 2 0. One result 
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(No. 127) indicates that there is a lower hydrate of CaHP 0 4 . It is prob- 
able that this is the anhydrous salt and that thfc single point (No. 127) 
gives the conditions at 25 0 for the transition' 

CaHP0 4 .2H 2 0 ^ CaHPO* + 2H 2 0. 

As the KC 1 present in solution influences the vapor pressure of the solu- 
tion, concentrations of calcium oxide and phosphoric anhydride in each 
case are somewhat lower than for the corresponding solution where no 
potassium chloride is present. 

These results also show the effect of potassium chloride in concentra- 
tions of about 25-30 grams per liter upon the system Ca 0 -P 2 0 5 -H 2 0 . 
In the accompanying diagram are given the results of Bassett, of Cameron 
and Seidell, and of the present paper where potassium chloride is present. 
These last results lie above the curves drawn through the former points. 
Thus the effect of the potassium chloride is to increase the lime in solu- 
tion. 

In this paper it has been shown that: 

1. The presence of potassium chloride in solution containing calcium 
oxide and phosphoric anhydride increases slightly the lime content of 
solutions in equilibrium with dicalcium phosphate and monocalcium 
phosphate. 

2. By the “tell- tale’ 1 method the composition of the solid phases was 
found to be CaHP0 4 .2H 2 0 and CaH 4 (P 0 4 ) 2 .H 2 0 with a region between, 
which was not explored, where the composition of the solid was probably 
CaIIP 0 4 . 

3. This result is in accord with Bassett’s last determination of the 
transition interval of CaHP0 4 .2H 2 0 y*" CaHP 0 4 4 - 2H 2 0 but is not in 
accord with his direct determination of the compositions of the solid 
phases. 

Bureau of Soils, 
it. s. Dept of agricui.turf, 

Washington, D. C. 

BASIC NITRATE OF YTTRIUM. 

By C. Jamks and If. A. Pratt. • 

Received May 7, 1910. 

Of all the methods that have been published for the separation of 
yttrium and erbium, the classic procedure of Bahr and Bunsen 1 still 
serves best. It was therefore considered that a study of the system 
Y 2 O s , N 2 0 5 , H 2 0 would be highly interesting. 

The only basic nitrate mentioned by Bahr and Bunsen was given the 
formula (recalculated) 2Y 2 0 8 .3N 2 0 6 .9H 2 0, which was derived from the 
analysis of the air-dried salt. It is highly probable that their compound 
was contaminated with normal nitrate from adherent mother liquor. 

1 Ann., 137, * (1866). ? 
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In order to study the system Y 2 0 3 , N 2 0 5 , H 2 0, it was necessary to pre- 
pare a comparatively large amount of pure yttrium oxide, since yttrium 
nitrate is extremely soluble. 

The Preparation of Yttria Material . — The crude yttria earths were first 
submitted to a long fractional crystallization by the bromate method. 1 
By this procedure samarium, gadolinium, terbium, dysprosium and hol- 
mium separated in the least soluble portions. The middle fractions 
contained yttrium, together with a little erbium and holmium, while the 
most soluble portion carried nearly all the erbium and all the thulium, 
ytterbium, lutecium and scandium. 

The middle fractions were then precipitated as the hydroxide and well 
washed with boiling water. The hydroxides were next converted into 
the nitrates and the latter subjected to fractional decomposition. This 
was carried out by evaporating the solution and fusing until a portion 
had decomposed. The evolution of red fumes was allowed to proceed 
until the surface acquired a peculiar steely appearance. This point w&s 
easily ascertained by experience. The decomposition was not allowed 
to continue until the mass became creamy. 

In order to find the best method of obtaining the solution of the melt, 
several plans were tried. It was discovered that the simplest way was 
to pour the fused mass into cold water. Great care was required in order 
to prevent spattering. The result of this operation was a nicely granu- 
lated product, which rapidly disintegrated upon boiling. 

Under the best conditions the entire mass went into solution; especially 
was this true of the yttrium end of the series. Upon cooling, the basic 
nitrates separated out in a crystalline form. At the opposite end — the 
least basic portion — of the fractions there always remained an insoluble 
basic nitrate, unless the decomposition was stopped at an earlier stage, 
i . e. } when there was a copious evolution of red fumes. 

In case a precipitate remained, it was highly important that it should 
be well agitated by thorough boiling. After cooling, the precipitate was 
filtered off /Fraction II), redissolved in nitric acid and again fused. The 
filtrate (Fraction I) was also boiled down, and fused. This second series 
gives two filtrates and two precipitates. The filtrate from Fraction II 
was mixed with the precipitate from Fraction I with the result that the 
second series contained three fractions. The diagram below will readily 
show the manner in which the work was carried out. 

About 40 series of operations were carried out, yielding two kilos of 
yttrium nitrate. The nitrate was dissolved in water, heated and pre- 
cipitated by means of oxalic acid. The resulting oxalate was filtered 
off, well washed, dried and ignited. 

1 This Journal, 30, 182, 
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filtrate 



ppt. filtrate ppt. 

' / \ /' \ 

^ \ / \ 


i st series 


2d series 


filtrate ppt. filtrate ppt. filtrate ppt. 3d series 

v A i ► Y a O , Er A 

40 series 

The white oxide obtained in this way was dissolved in an excess of nitric 
acid, and twice crystallized from this solvent. 

A saturated solution of the nitrate was then prepared by using 1 kilo- 
gram of the salt. The spectroscope showed only very faint bands of 
erbium and holmium when viewed through a layer 12.5 cm. thick and 
the solution was perfectly colorless. Therefore, it was considered suffi- 
ciently pure for the study of the basic nitrates. 

Some of the remaining fractions of yttrium, which still contained a 
little erbium and holmium, were put through a modified chromate method. 
This yielded a further supply of yttrium oxide of such a purity that, 
when converted into a concentrated solution of the nitrate, it showed 
no absorption bands through a layer of about 5 cm. 

Twenty-two solutions were prepared, in regularly increasing concentra- 
tions of yttrium nitrate, from great dilution to a saturated solution. 
These solutions together with an excess of yttrium oxide were placed in 
bottles of 100 cc. capacity, and rotated in a thermostat at 25 °. After 
an interval of three months, several of the solutions were analyzed. Dur- 
ing the analysis, it was observed that the solid phase, in those solutions 
having a fairly high concentration of yttrium nitrate, was. composed 
of fine crystals. These bottles cleared in a comparatively short time so 
that the supernatant liquid could be readily drawn off. In the bottles, 
where the concentrations were not so great, the solid phases settled with 
difficulty, and had more the appearance of a hydroxide. After four and 
a half months of rotation, the system was found to be in equilibrium. 
The solutions were withdrawn, and the yttrium, present as the hydroxide 
and the total yttrium determined. 

Several difficulties were encountered in carrying out these analyses, 
and different methods were tried in order to reduce errors to a minimum. 
The following methods gave the most accurate and rapid resets: 
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A weighed amount of mother liquor was, after considerable dilution, 
titrated to the neutral point with standard nitric acid (approximately 
l /u> normal) using methyl orange as the indicator. From this, the amount 
of yttrium oxide, present as hydroxide, was easily calculated. Checks, 
which were run on several of the solutions, proved that dependence could 
be placed upon the results obtained. 

In order to determine the total yttrium, the solutions, which had pre- 
viously been titrated, were diluted to 200 cc. Aliquot portions of these 
diluted solutions were warmed, and treated with a slight excess of an 
oxalic acid solution. After being allowed to stand for some time, the 
precipitate was filtered off, dried, and carefully ignited to the oxide in a 
weighed platinum crucible. 

The data obtained from the analyses of the solutions are given in 
Table I and shown graphically in Fig. 1. 


Table I. 



Density 

25 °/ 25 °- 

Per cent. Y 2 0 * 

Per 

cent. Y3O3 

Grams Y(NO s ), 
iu 100 

Grams 
Y0O3 as 
Y(OH) s irt^oo 

No. 

as Y(NOa);,. 

as Y(OH)j. 

grams H a O 

grams H a O 

I 


1.25 

0.014 

3 13 

0 014 

2 

1 0075 

3 17 

0.021 

8 37 

0.022 

3 


5-01 

0.033 

13 87 

0 034* 

4 

I.1506 

6-57 

O.039 

19.05 

0.048 

5 

I • 1907 

8.20 

0.049 

24.94 

0.063 

6 

I.2350 

958 

0.071 

30.46 

0.091 

7 

I2517 

10.19 

0. 121 

33-02 

0.160 

8 

12897 

H -45 

0.088 

38.71 

0.122 

9 


12.61 

0.079 

44 35 

O. II4 

10 


14.02 

0.068 

51 87 

0.103 

11 


1517 

0.060 

58.61 

O.O95 

12 

1.4484 

16.31 

O.054 

65.89 

0.090 

13 


17-33 

0.045 

73.03 

O.O78 

H 

i* 523 I 

18.33 

O 039 

80.67 

0.072 

15 

15587 

19-34 

0 039 

89.06 

0.074 

16 

I -5923 

20.10 

0.038 

95.98 

O.O74 

17 

I.6259 

20.91 

0 037 

103.80 

O 075 

18 

I.6603 

21 .82 

O.037 

1 13 40 

0.079 

19 

I.693X 

22.59 

0.036 

122.40 

0.080 

20 

I.7260 

23-37 

O.O32 1 

132.10 

O O74 

21 

.... I 7440 

23*74 

0035 

13710 

O.083 

22 

i vaa6 

2 ,. .07 


T A T f\C\ 



Bottle No. 21 contained an excess of both basic yttrium nitrate and 
yttrium nitrate. Bottle No. 22 contained only an excess of yttrium 
nitrate, which gave for the solubility of this compound at 25 0 141.6 
grams per 100 grams of water. 

For the analysis of the solid phase, the sample was withdrawn, freed, 
as far as possible, from adhering mother liquor, by pressing between 

1 This result undoubtedly contains a slight error, but, unfortunately, the bottle 
was emptied before it could be checked. 
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filter paper, after which it was quickly transferred to a weighing bottle 
and carefully mixed. A known amount was then ignited in a weighed 
platinum crucible for total yttrium. In another portion of the same 



0 SO 40 60 SO too /SO 140 

Y(MOj)j gram., per 100 gram* 

Fig. I. 


sample the yttrium oxide as yttrium hydroxide was estimated by dissolving 
a weighed amount in an excess of standard nitric acid, and titrating back 
to neutrality with a sodium carbonate solution of known ratio. In this 
case methyl orange was again used as the indicator. 

The results are given in Table II, and plotted on the triangular diagram 
in Fig. 2. 


Table II. 

Solutions. Solids. 

Point. VjO.,. NoO„. Point. V 2 O rt . N._,0-.. Bottle No 

K i.26 1.79 E' 49 55 13^9 I 

F 3,19 4 55 F' 45 20 12.96 2 

G 5 04 7.18 G' 42 97 13.74 3 

H 6.61 9.42 H' 47.82 1456 4 

1 9.65 13.74 I' 41-67 16.22 6 

J u-54 16.42 y 39-78 26.98 8 

K 12.69 18.08 K' 38.09 26.93 9 

b 15 23 21.75 1/ 38.21 27.89 11 

M 16.36 23.39 M' 38.39 28.12 12 

N 17-38 24.83 N' 3819 28.70 13 

0 18.37 26.28 O' 38.44 29.19 14 

P I 9-38 27-73 P' 37-83 29.58 15 


It will be seen that the lines (EE', FF' and GG', etc., of Fig. 2) joining 
points represented on curve AB of Fig. 1 do not intersect at a common 
point; also the solids, upon examination, showed a great resemblance to 
yttrium hydroxide. Therefore the precipitates along this ^ne can only 
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be solid sedations. Lines joining any points along the curve BC (Fig. i) 
meet at a common point x, which corresponds to a definite hydrated 
basic nitrate of yttrium possessing the formula 3Y 2 0,.4N 2 0 s .2oH 2 0. 



The basic nitrate consisted entirely of small crystals, which were rapidly 
decomposed by water. The compound, however, was not affected by 
continued washing with absolute alcohol, and, since the normal nitrate 
is very soluble in this liquid, it could be entirely separated from the 
basic nitrate. The solids from several bottles along the curve BC were 
filtered upon a Hirsch funnel, washed with absolute alcohol, air-dried, 
and analyzed. The results obtained were as follows: 

Calculated Y,0, , 46.10 N a O„ 2940 H a O 24 50 

Pound (bottle 10) Y, 0 , 46.09 N a 0 4 29.55 H a O (diff.) 24.36 

Pound (bottle 1 1) Y, 0 , 45 96 N a O, 29.67 H a O (diff.) 24.37 

Pound (bottle 13) Y, 0 , 45 82 N a O„ 29.67 H a O (diff.) 24.51 

The basic compound from still another bottle was dissolved in yttrium 
nitrate solution, and recrystallized after filtering. The mother liquor 
was separated by suction, the crystals washed with absolute alcohol, 
and air-dried. The analytical results obtained agreed well with the above 
as may be seen: 

Y1Q1 45-82 29.67 H ,0 24.51 
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For this compound the authors offer the following complex formula: 

(NO,). Y — O — Y — O---Y — O— Y — O — Y — O — Y(NO,), 4 2oH a O. 

I I I I 

NO, NO, NO, NO, 

From the foregoing work the following conclusions are drawn: 

First, that the basic compound mentioned by Bahr and Bunsen does not 
exist. Their results were undoubtedly due to adherent normal nitrate. 

Secondly, the only basic nitrate that does exist at 25 ° is the one cor- 
responding to the formula 3Y 2 0 8 .4N 2 0 6 .2oH 2 0. 

Thirdly, this compound is stable in air and can exist in contact with 
water containing more than 33 grams of yttrium nitrate to 100 grams of 
water. 

Nbw Hampshire College, 

Durham, N. H. 


THE RATE OF EXTRACTION OF PLANT FOOD CONSTITUENTS 
FROM THE PHOSPHATES OF CALCIUM AND FROM A 
LOAM SOIL. 

By Jambs M. Bell. 

Received March a8, 1910. 

In a recent paper 1 entitled 44 Ein Beitrag zur Diingemittel und Boden- 
analyse,” E. A. Mitscherlich, R. Kunze, K. Celichowski, and E. Merres, 
have investigated the rate of solution of two phosphates of calcium and 
the rate of extraction of lime from a loam soil, by water saturated with 
carbon dioxide. The conclusion was reached that the usual equation 
expressing the rate of solution does not accord with their data. In this 
equation, viz . : 

dy/dt « &(A — y) (i) 

which when integrated becomes 

log (A — y) ** log A — kt (2) 

A represents the concentration of the solution when final equilibrium 
is reached. In applying these equations, however, the authors have 
mistaken the significance of A; since the value of A used by them was the 
total quantity of the salt which was originally mixed with the carbonated 
water, and not that portion of salt which the liquid was capable of dis- 
solving. Only when the quantity of salt added to the water is just suffi- 
cient for saturation is the above procedure valid. Since in the experi- 
ments, two different original ratios of dicalcium phosphate to water were 
employed, viz.: i : 750 and 1 : 1500, at least in one case (and probably 
in both) a wrong value was assigned to A. In the case of tricaldum 
phosphate four different ratios of salt to water were employed, viz.: 
1 : 1500, 1 : 2000, 1 : 3000, and 1 : 6000. So that in three of the four 
1 Landw. Jahrb ., 59, 299 (1910). # 
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series, and probably also in the fourth, incorrect values were assigned to 
A. 

As the above equations under these conditions failed to accord well 
with the data, a modified form of equation (2) has been proposed by the 
above authors, 

log (A — y) - log A — ct n (3) 

in which A represents the total quantity of the salt and c and n are con- 
stants. It seems to me proper, therefore, to recalculate the results, in 
order to determine whether equations (1) and (2) are really out of accord 
with the data. 

Before discussing the recalculated results, several features of solution 
phenomena should be recalled. It is obvious that the rate of solution of 
any substance depends upon its exposed surface. Where the substance 
is in grains of widely different sizes, it is not possible to deduce any rational 
equation representing the rate of solution of such an aggregation cjf 
particles. And further, if any empirical equation is found to conform 
with the data for material in one mechanical condition, that equation 
will not, in general, describe the rate of solution of material which is 
chemically the same but mechanically different. Consequently experi- 
ments on rate of solution have usually been carried out with large crystals 
of low solubility, the surface changing but slightly during the course of 
the experiment. It is apparent also that an aggregation of crystals of 
uniform size and -of low solubility may be considered as of constant surface 
during the solution. 

In the experiments of Mitscherlich, Kunze, Celichowski, and Merres 
powdered material was probably used, but no statement is made as to its 
mechanical condition. The data indicate that the surface exposed must 
have altered considerably, for in the experiments with dicalcium phos- 
phate over half of the phosphoric anhydride was extracted, and in the 
experiments with tricalcium phosphate, at least 45 per cent, of the phos- 
phoric anhydride was extracted. Consequently, even if the proper value 
of A (the total quantity of phosphoric anhydride in solution at equilibrium) 
had been used in the calculations, the usual equation for rate of solution 
might have failed because ofethe great changes in the extent of surface. 

In the tables the first figures give the concentration of the solution one 
hour after the salt and water were mixed. In my recalculated results, 
this has been taken as the starting point of the reaction, for the following 
reasons: In every case more phosphoric anhydride passed into solution 
within the first hour (within which no determinations were made) than 
in the remaining time of the reaction (23-47 hours). Thus, calculated 
on the basis of 45.55 per cent, phosphoric anhydride in dicalcium phos- 
phate, in one case the increase was from 20.16 per cent, after 1 hour to 
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only 23.03 per cent, after 47 hours more, and in the other case the varia- 
tion was between 35.09 per cent, and 39.67 per cent. Similarly for tri- 
calcium phosphate with 43.22 per cent, phosphoric anhydride, the in- 
creases for four experiments were as follows: From 14.92 per cent, after 
1 hour to 19.83 per cent, after 47 hours more; from 17.24 per cent, after 
1 hour to 24.69 per cent, after 24 hours; from 20.99 P er cent, after 1 hour 
to 34-55 P er cent. after 48 hours; and from 2.1.46 per cent, after 1 hour to 
42.14 per cent, after 24 hours. Thus, for most of the cases, the solution 
has been very close to equilibrium, and the extent of surface has probably 
changed but little. For the last two cases given (Tables V and VI) how- 
ever, the changes in surface have been considerable. In the recalculated 
results this surface factor has been assumed constant, a legitimate as- 
sumption in all but two cases (Tables V and VI). Even in these two 
cases, in spite of this objection to the application of the usual equation, 
it will be seen that the equation describes the facts at least as well as the 
empirical equation proposed by the above authors. 

Table I. — Rate of Solution of Dicalcium Phosphate in Water Saturated with 
C 0 2 . Ratio of Salt to Water, i : 750. Temp. 30° C. 

Original. Recalculated. 




v calc. 

T 

Y 

Y calc. 

y calc. 

t 

y found. 

ftom eqn. (4). 

t — 1. 

y — 20.16. from eqn. (5). 

Y * 20 16. 

I 

20.16 

20 05 

O 

O 

O 

20.16 

2 

20.80 

20.56 

I 

O 64 

O.23 

20.39 

4 

21.15 

21 . IO 

3 

O.99 

O.64 

20.80 

8 

21 .42 

21 .63 

7 

r 26 

I.29 

21.45 

12 

21 -53 

21.94 

11 

*•37 

I.76 

21 .92 

24 

K 5 

to 

00 

22.47 

23 

2 .62 

253 

22 .69 

48 

23 03 

23.02 

47 

2.87 

2-93 

23 09 

log ( 45 - 55 — y) - 

so 

: 1.6585— 0.252 Vi 



( 4 ) 

log (3.00 — Y) = 

log 3.00— 0.035T 



• •(5) 


Table II. — Rate of Solution of Dicalcium Phosphate in Water Saturated with 



CO a . Ratio of Salt to 

Water, 

1 : 1500. 

Temp. 30 0 

C. 


Original. 


Recalculated. 




y calc. 

T - 

Y - 

Y calc 

y calc 

U 

V found. 

from eqn, (6) 

/ — 1. 

y - 35 09 

from eqn. (7). 

y : 35.09* 

I 

35 09 

35 00 

0 

0 

O 

35 09 

2 

35-82 

36 05 

1 

o -73 

0.68 

35-77 

4 

37 09 

37 -o 6 

3 

2 .00 

1.76 

36.85 

8 

38.29 

38.02 

7 

3-20 

3 -II 

38.20 

12 

38.67 

38.56 

11 

3.58 

3.82 

38 91 

24 

39-31 

39-45 

23 

4.22 

4-49 

39-58 

48 

39 67 

40 21 

47 

4 58 

4.60 

3969 

log ( 45-55 y) “ 

10 V 

1.6585— 0.635 V/ 



...(6) 

log (4.60— Y) = 

log 4.60 — 0.70T 



• • • ( 7 ) 
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Table III. — Rate of Solution of Tricalcium Phosphate in Water Saturated with 
CO a . Ratio of Salt to Water, i : 1500. Temp. 30° C. 


Original. Recalculated. 


1 . 

y found. 

y calc. 

from eqn. (8). 

T a* 

/ — I. 

Y « 

y — *4 92. 

Y calc, 
from eqn. (9). 

y caic. -- 
Y H- 14 92. 

I 

14.92 

17.29 

O 

0 

O 

14.92 

2 

16.31 

17.78 

I 

1-39 

1 03 

15-95 

4 

18.15 

18.23 

3 

3-23 

2.49 

17.41 

8 

18.92 

18.71 

7 

4.00 

4.00 

18.92 

12 

18.96 

18.99 

11 

4.04 

4.60 

19-52 

18 

19-05 

19.27 

17 

4-13 

4.90 

19.82 

24 

19.68 

19.48 

23 

4.76 

4-97 

19.89 

48 

19 83 

19.97 

47 

4-91 

5.00 

19.92 


log (43.22 — y ) 1.6357 — 0.222 (8) 

log (5.00 — Y) * log 5.00— 0.100T (9) 


Table IV. — Rate of Solution of Tricalcium Phosphate in Water Saturated 
with C 0 2 . Ratio of Salt to Water, i : 2000. Temp. 30° C. 

Original. Recalculated. 




y calc. T — 

y - 

Y calc. 

O' calc. ~ 

i . 

y found. 

from eqn. (io) t — i 

y — 17-24. 

from eqn. (u). 

Y + 17.24. 

I 

17.24 

2151 O 

0 

0 

17.24 

2 

20.19 

22.20 I 

2-95 

2.19 

19-43 

4 

20.75 

22.92 3 

5 - 5 i 

4.84 

22 08 

8 

23 -68 

23-59 7 

6.44 

6.83 

24.07 

12 

23.90 

24.04 11 

6.66 

7-33 

2457 

24 

24.69 

24-77 23 

7-45 

7-50 

24.74 

log 1 

[43.22— y) - 

1 . 6357 - 0.299 



. . (10) 

log 1 

[7.50— Y) = 

log 7.50-0. 1 50T 



..(«) 


Table V. — Rate of Solution of Tricalcium Phosphate in Water^Saturated with 
CO s . Ratio of Salt to Water, i : 3000. Temp. 30° C. 

Original. Recalculated. 




y calc. 

T - 

Y «• 

Y calc. 

y calc. 

t 

y found. 

from eqn. 1 

(u). t — X. 

y — 2099. 

from eqn. (13). 

Y + 20.99. 

1 

20.99 

24-/8 

0 

O 

0 

20.99 

2 

24-35 

26.60 

z 

336 

3-19 

24.18 

4 

28.55 

28.44 

3 

7-56 

5 -6o 

26.59 

8 

30.66 

30.28 

7 

9.67 

9.67 

30.56 

12 

31-30 

-34 

11 

IO.31 

11 .46 

32-45 

24 

33-71 

33 o<> 

23 

12 .72 

13.01 

34.OO 

48 

34.15 

34.70 

47 

13 -l6 

13-20 

34-19 


log (43.22—?) 

- 1.6357 

0 

6 



..(12) 


log (13.20— Y) 

«* log 13.20-0.080T. . 



- - ( 13 ) 
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Table VI. — Rate of Solution of Tricalcium Phosphate in Water Saturated 
with CO a . Ratio of Salt to Water, i : 6000. Temp. 30 0 C. 

Original. Recalculated. 


y calc. T — Y --- Y calc. ycalc. = 


/. 

y found. 

from equ. (14). 

t ~~ l. 

y — 21.48. 

from eqn. (15). 

Y + ai.48. 

I 

21.48 

28.31 

O 

0 

0 

21.48 

2 

30 - 3 « 

32.59 

I 

8.82 

6.40 

27.88 

4 

36.7* 

36.44 

3 

15-23 

1385 

35-33 

8 

39-67 

39 - 4 » 

7 

18.19 

1913 

40.61 

12 

40.88 

40 77 

11 

19.40 

20.34 

41 .82 

24 

42.14 

42.22 

23 

20.66 

20.70 

42.18 


log (43.22 —y) 

6 

»= 1 . 6357 - 0.462 \( 2 



• • (14) 


log (20.70 — Y) 

«= log 20.70-0. 160T. . 



■ ■ (15) 


Table XXI. -Rate of Solution of Lime from a Loam Soil by Water Saturated 
with C0 2 . Ratio of Soil to Water, i : 10. Temp. 30° C. 

Original. Recalculated. 




y calc. 

T = 

Y -- 

Y calc. 

y calc. -- 

t. 

y found. 

from eqn. (16) 

t — 2 

y — 0.1087. 

from eqn. (17). 

Y -f 0.1087, 

2 

O.IO87 

0.1069 

0 

O 

O 

O.I087 

4 

O. II99 

O. 1232 

2 

O . OI I 2 

0.0107 

O.U94 

8 

O.I342 

0.1378 

6 

O 0257 

0.0264 

O.I 35 I 

11. 5 

0,1461 

0.1450 

9-5 

OO374 

0.0360 

O.I447 

16 

O 1520 

O.1511 

14 

O 0433 

0.0436 

0.1523 

24 

0.1572 

0.1578 

22 

O 0485 

0.0512 

0.1599 

32 

O.163I 

0.1620 

30 

O O544 

0.0544 

O.163I 

log (0.18— y) =« 

( 0 - 2 553 _, )~°- 3 I 5 V/- • 



(16) 


log (0.057— Y) ■=* log 0.O57-0.045T (17) 

From the above tables it is evident that the results calculated by the 
usual velocity equation are in as good accord with the observed values, 
. as are the results calculated by the empirical equation (3) proposed by 
the above authors. 

Finally it should be observed that A, which is the maximum quantity 
of phosphoric anhydride which the liquid can extract, is not identical 
in Tables I and II, or in Tables III to VI. If the phenomenon being 
measured were one of solution only, this would of course, be a legitimate 
objection to these calculations. But it has been shown that when water 
acts on dicalcium phosphate or tricalcium phosphate a decomposition 
results, the solution having a higher ratio, P 2 0 6 : CaO, than the remaining 
solid. 1 The same sort of hydrolysis undoubtedly takes place when 
carbonated water is used as a solvent. With a hydrolysis whose extent 
depends on the original ratio of salt to water, the quantity of phosphoric 
anhydride in solution at equilibrium depends on the quantity of salt 
originally employed, and hence A will vary with the conditions of the 
^experiments. 

1 Cameron and Bell, Bull. 41, Bureau of Soils, U. S. Dept. Agr. 
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In this paper it has been shown that notwithstanding the conditions 
militating against the use of the ordinary equation for rate of solution, 
viz.: the variable extent of surface and the fact that the phenomenon 
observed is not one of solution only but also of hydrolysis, this equation 
describes the data at least as well as the empirical equation proposed by 
Mitscherlich, Kunze, Celichowski, and Merres. 

The usual equation for rate of solution also describes very well the 
extraction of lime from a loam soil by carbonated water. 

NOTES. 

Red Lines for a Balance Scale . — Having occasion recently to purchase 
a balance, it occurred to me that, as color contrast is an aid to vision, it 
might be of assistance in reading the variations of the needle on a balance 
scale, and I therefore instructed the makers to equip the balance with an 
ivory scale having red lines, instead of the usual black ones. # 

This was done, and the result has justified my anticipations. Th& 
contrast between the black needle and the red lines on a white back- 
ground is restful and pleasing to the eyes, and enables a close weighing 
with less eye-strain than with the black lines. 

No extra expense was incurred in making the change from black lines 
to red, and I would recommend such innovation to those contemplating 
the purchase of a balance. C. M. Clark. 

Rack for Holding Reagents in Bulk .* — The bottle rack that we designed 
for our building to store the common stock solutions in five-gallon quan- 
tities is a framework of two-inch square material. Each row holds thirteen 
bottles, which are held apart, both in front and back, by uprights of the 
same material. For each bottle there is, therefore, a frame compartment. 
The bottles are kept from the wall by a three-inch board, nailed to the 
floor of each shelf at the rear of the rack. Along the front of each tier 
runs a board with a “V” shaped cut in the middle of each compartment 
on the sides of which the bottles rest. This prevents them from rolling. 
It also allows the bottles to be placed in the rack on their sides, at an angle 
which gives the maximum room for the solution and uses up the minimum 
amount of space. A glass siphon runs to the lowest portion of the bottle 
through a notched cork or rubber stopper, and is closed at the outer 
end by means of a rubber tube and a pinch clamp. Smaller bottles can 
thus be neatly and quickly filled without lifting the heavy, cumbersome 
stock bottles. 

The solutions are made concentrated, according to a formula, and then 

1 Published by permission of Dr. Charles BaskerviUe, Director of the Chemical 
Laboratory, College of the City of New York. 
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the bottle is placed in the rack, and the siphon inserted. A rubber tube 
leading from the distilled water tap is then connected to the lower end of 
the siphon and the bottle filled. The strong current of water entering at 
the deepest part of the solution acts as sufficient stirrer to thoroughly 
mix the solution and secure uniform density. 



In this way a large number of bottles can be compactly stored and the 
Solutions are easy of access. The framework structure allows the bottles 
to be cleaned without removing them from the rack, as they are exposed 
on all sides. All dirt can be brushed down into the inclined lead-lined 
drip trough at the base of the rack and flushed off. J. Lorenz SporEr. 


[Contribution from the Bureau of Chemistry, U. S. Dept, of Agriculture. 1 

IS THE HYDROLYSIS OF CANE SUGAR BY ACIDS A UNIMOLEC- 
ULAR REACTION WHEN OBSERVED WITH A POLARISCOPE? 

By C. S. Hudson. 

Received May 9, 1910. 

It may be recalled that in 1908 Julius Meyer 1 expressed the view that 
the hydrolysis of cane sugar by acids is accompanied by two simultaneous 
.reactions, the mutarotation of glucose and fructose, and published ex- 
periments which seemed to show that the hydrolysis when observed 
1 Z. physik. Chem., 62, 59-88 (1908). 
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with the polariscope deviates slightly from the unimolecular order during 
the first 3 or 4 per cent, of the reaction. In the same year the author 1 
showed that the hydrolysis of cane sugar by the enzyme invertase is cer- 
tainly accompanied by these mutarotation reactions, but claimed that 
the acids catalyze the mutarotations so greatly that they are not of de- 
tectable influence in the hydrolysis of cane sugar by acids. Meyer’s 
experiments, which seemed to show such an influence, were criticized 
on the ground that the possible errors in them were greater than Meyer 
had estimated and even greater than the deviation from the unimolecular 
order which he recorded. Essentially the same criticism has also been 
made by Bodenstein. 2 In a reply to these objections Meyer 3 has lately 
insisted on the great accuracy of his experiments and claims that he did 
indeed detect the mutarotation reactions during the hydrolysis of cane 
sugar by acids . i If the question were only a difference of opinion regard- 
ing the accuracy of Meyer’s experiments the discussion coujd well be 
closed because all three parties are agreed on the principal point, namely, 
that the hydrolysis of cane sugar is not the simple reaction that it has 
heretofore been supposed to be, but is accompanied by two othe^important 
reactions. But Meyer goes further than this and claims'* that he first 
proved experimentally the existence of these subsidiary reactions, and 
on account of this claim, which appears to me quite unwarranted, the 
following further criticism of Meyer’s experiments is made. In it I will 
seek to show that Meyer 1 as repeated portions of his measurements and 
found them to be entirely erroneous, that Armstrong and Caldwell made 
measurements similar to Meyer’s four years in advance of him and found 
numbers which are different even in sign from Meyer’s, that the deviation 
which Meyer claims he found is opposite in sign from that predicted by 
the very theory which he was testing, that certain obvious precautions 
which are necessary for the accuracy that Meyer attempted to reach 
were overlooked, and that his latest measurements contain certain self- 
evident errors of great size. 

In Meyer’s first article the mutarotation of 'fructose was found to have 
the velocity coefficients 0.017 at 18 0 and 0.027 at 25 0 . In response to a 
letter from me he has measured these values again and now finds 0.18 
at 18 0 and 0.32 at 25 °, values which are tenfold greater than his former 

1 This Journal, 30, 1 160-6 (1908). 

8 Z. Elektrochem., 15, 413 (1909). 

* Z. physik. Chem., 72, 117-23 (1910). 

4 In replying to my criticism Meyer has made an arithmetical error (p. 119) in 
which he confuses 3 per cent, with three-tenths of i per cent, and this difference refutes 
his own argument. It will be sufficient time to discuss the bearing of this portion of 
the reply after he publicly corrects this error. He has also confused a- and ^-fructose 
on pp. 1 17 and 122. 

4 Z. physik . Chem. t 72, 117 (19x0). 
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ones. Although he thus admits that one set of his measurements was 
entirely incorrect, he insists that another set of a similar though not 
identical kind, namely that in which the minute deviation was supposedly 
detected, contains no error greater than about one-tenth of 1 per cent. 
The experiments were made under the same conditions, and great accuracy 
is claimed for one set and great error admitted for the other; comment 
would hardly seem necessary. 

In 1904 Armstrong and Caldwell 1 made polariscopic measurements 
to test whether the hydrolysis of cane sugar by acids follows the uni- 
molecular order and came to the conclusion that it does not, and that 
the velocity-coefficient of the reaction increases slightly during the in- 
version instead of remaining constant as is required by the theory. Mey- 
er's measurements lead him to the conclusion that the velocity-coefficient 
decreases during the inversion. Meyer has not mentioned this work of 
Armstrong and Caldwell, nor the older work of O’Sullivan and Tompson, 2 
who were the first to show that the mu tarot ation of glucose accompanies 
the inversion of cane sugar by invertase, nor the work of the author, 8 
which shows that the mutarotation of both glucose and fructose follows 
slowly on the hydrolysis by invertase. It would seem that he should at 
least discuss the cause of the disagreement between his detection of the 
decreasing coefficient and Armstrong and Caldwell’s of an increasing one, 
particularly in view of the fact, which I shall immediately explain, that 
a decreasing coefficient is not in agreement with the theory which Meyer 
was testing. 

Meyer supposes that the mutarotation of glucose and fructose following 
the inversion of cane sugar would cause the reaction as measured by the 
polariscope to show a decreasing coefficient, and as he found a decreasing 
one in his experiments he claims that he has proved experimentally the 
correctness of the theory. The mutarotation of fructose proceeds so 
much faster than that of glucose that the influence of the former may 
be neglected in comparison with that of the latter. The glucose which 
is first formed is known to be a-glucose, of specific rotation no°, and it 
subsequently passes to the stable mixture of a- and /2-glucoses, of. specific 
rotation 52 °. If now the mutarotation of glucose is comparable in rate 
with the inversion of cane sugar, the glucose resulting from the hydrolysis 
will contain an excess of a-glucose and have a specific rotation higher 
than the stable mixture, 52 °. As it is assumed in calculating the velocity- 
coefficient of the hydrolysis from the polariscopic readings that the glucose 
has the specific rotation 52 °, the presence of an excess of a-glucose, due 
to the comparative slowness of the mutarotation reaction, must cause 

1 Proc. Roy. Soc . London , 74, 1 95-201 (1904). 

* J. Chem . Soc., 57, 834-931 (1890). 

• This Journal, 30, 1160-6, 1564-83 (1908); 3 * > 655-64 (1909^ 
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the inversion to appear slower than it really is. During the further 
progress of the inversion the excess of a-glucose diminishes and therefore 
the polariscopic readings in the late stages of the reaction give a true 
measure of the extent of the hydrolysis. Such a reaction, in which there 
is an error of this kind causing it to apparently go slower in its initial 
stages than it really does, must give an increasing velocity-coefficient 
during its progress. Meyer found however a decreasing coefficient, which 
is thus quite at variance from the theory which he claims he has proved 
by detecting such a coefficient. It would seem to the author that this 
point should be a conclusive objection to Meyer’s claim that he proved 
the existence of the mutarotation reactions in the hydrolysis of cane sugar. 

It is to be objected to the experiments of both Meyer and Armstrong 
and Caldwell that a source of considerable error was not considered, 
namely the fact that the specific rotation of fructose increases with its 
concentration ; thus in the hydrolysis of a 20 per cent, cane sugar solution 
the fructose increases in concentration from zero to about 10 per cent., 
which involves according to the measurements of Hammerschmidt 1 and 
others, an increase of 2 per cent, in the specific rotation of fructose. If 
the progress of the inversion is calculated from the polariscopic readings 
under the assumption that the specific rotation of fructose remains constant 
during the reaction, the velocity coefficient must be expected to increase. 
The changing concentrations of glucose and cane sugar also involve similar 
corrections, but they are small in comparison with that for fructose. 
This error would affect the velocity coefficient in the same manner that 
the mutarotation of glucose would, and until it is accurately investigated 
it cannot be claimed that an increasing coefficient proves the occurrence 
of the mutarotation during the hydrolysis of cane sugar by acids; and 
of course the claim of Meyer, who found a decreasing coefficient, is quite 
unreasonable. 

Lastly, as an illustration of the inaccuracies which occur in Meyer’s 
measurements, and in refutation of his insistence that both Bodenstein 
and the author have done him the injustice of underestimating the ac- 
curacy of his work, it may be mentioned that he records 2 as the final 
rotations of two fructose solutions of the same concentration, prepared 
from the same sample, and measured in tubes of the same length, — 14. 40 0 
at 25 0 and — 14.41° at x8°. It is well known that fructose has one of 
the largest temperature coefficients of rotation ever found, namely 0.007 0 
per degree of rotation per degree rise of temperature. 3 Other observers, 
including Dubrunfaut, Zecchini, Dafert, Hdnig and Jesser, Jungfleisch 
and Grimbert, Wiley, Bomtraeger, and Ost, 4 have invariably detected 

1 Z. Ver. d. Zuckerind ., 4*, 157. 

3 Z, physik : Chem. t 72, 122 (1910). 

* Wiley, Am. Chem. 18, 81. 

4 Lippmann’s "Chemie der Zuckerarten,” ed. 1904, Vol. I, pp. 823-5. 
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a change of rotation for such solutions of (14.40) (0.007) (7) 0.69°, 

or over half a degree, but Meyer did not find any appreciable difference 
at the two temperatures. With this error of half a degree plainly visible 
in his published work it is impossible to agree with him that such readings 
as 40.45 0 and 40.41° differ beyond his experimental error; and yet the 
deviation from the unimolecular order which he found the inversion of 
cane sugar by acids to show, depends on the reality of the difference 
between such measurements. 1 

The rates of the inversion of cane sugar and the mutarotation of glucose 
at different temperatures and acid strengths have been measured by 
various investigators, and it is possible to calculate from them the de- 
viation which is to be expected from the unimolecular order due to the 
mutarotation of the glucose. The author has made such a calculation 
and finds the deviation to be, under the most favorable conditions of 
temperature and acidity, a very small quantity only about a tenth of 
1 per cent. It agrees in magnitude and sign with the deviation which 
Armstrong and Caldwell found and it is quite possible that the mutarota- 
tion reaction is responsible for a portion of their deviation, but the change 
in the specific rotation of fructose which has been mentioned, causes 
a deviation in the same direction and the two possible causes of the de- 
viation leave the matter still in doubt as to whether Armstrong and 
Caldwell’s deviation is due to mutarotation, change of rotation of fructose, 
or a true exception to the law of mass-action, which latter view is the 
one that Armstrong and Caldwell hold. But there can be no reasonable 
further doubt regarding the cause of Meyer’s deviation — it was due to 
experimental errors alone, and is opposite in sign to the deviation pre- 
dicted by theory. 

A REVIEW OF DISCOVERIES ON THE MUTAROTATION OF THE 

SUGARS . 2 

By C. S. Hudson. 

Received May 9, 1910. 

Dubrunfaut 3 discovered in 1846 that the specific rotation of a freshly 
prepared cold solution of crystalline glucose decreases from an initial 
value of about no° to become constant at 52 °. This phenomenon he 
named birotation but later discoveries have shown the name to be in- 
appropriate and the better term mutarotation , which was introduced by 
Lowry 4 in 1899, has generally replaced it, though the word multirotation 

1 See Z. physik. Chem., 62, 59-88 (1908). 

2 Presented at the Second Decennial Celebration of Clark University, Worcester, 
Mass., Sept. 15, 1909. 

• Ann . chim. phys ., 18, 99-107 (1846); ax, 178-80 (1847); Compt. rend,, 23, 38-44 
(1846). 

4 /. Chetn. Soc., 75, 212-5 (1899). m 
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is also in use. In addition to glucose the following crystalline sugars 
have been iound to show mutarotation: lactose, 1 galactose, 2 arabinose, 2 
maltose,* xylose, 5 fructose,® fucose,’ rhamnose,® mannose,® rhodeose, 10 
gentiobiose, 11 melibiose, 1 - perseulose, 18 and several rare synthetic sugars. 
All of these sugars reduce Fehling’s solution and combine with phenyl- 
hydrazine, proving that they are aldoses or ketoses and contain the 
carbonyl group; on the other hand such sugars as sucrose, raffinose, 
gentianose, and st acinose, and the polysaccharides starch, inulin, mannan, 
etc., and the glucosides salicin, amygdalin, helicin, arbutin, etc., none 
of which show the characteristic reactions for the carbonyl group, do not 
exhibit mutarotation. This proves that the mutarotation is in some 
way dependent upon the carbonyl group. 

After Dubrunfaut’s great discovery the next important observation on 
mutarotation was made by E. 0. Erdmann 14 in 1855, w ho noticed that 
lactose occurs in two crystalline modifications, one having a higher rota- 
tion (86°) than that of the stable solutions (52 °), and the other a lower 
rotation (36°)* and each form showing mutarotation towards the same 
final rotation (52 °). Erdmann measured the rates at which ^ach form 
changes in rotation to that of the stable solution, but did not notice 
that the rates are the same in value and that this fact is of much theoretical 
significance. Many years later, after the principles of chemical dynamics 
became better known, the author 15 showed that these equal rates prove 
that the two changes of rotation are not different reactions but are opposite 
parts of one balanced reaction. In this way the mutarotation of lactose, 
and what is true of this sugar is doubtless true of all which show mutarota- 
tion, was proved to belong to the great class of balanced reactions. 18 

In 1859 Anthon 17 noticed that crystalline glucose forms its saturated 
solutions in cold water very slowly even when the mixing is vigorous; 
this fact was discovered for lactose* by Mills and Hogarth 18 in 1879. It 
is now known that this slowness of the process of solution is caused by the 
same slow balanced chemical reaction, involving the carbonyl group, 

1 E. 0 . Erdmann, Fortschritte Physik., p. 13; Fortschritte Chemie , p. 671 (1855). 

I Pasteur, Compt. rend., 42, 347-51 (1856). 

3 Parcus and Tollens, Ann., 257, 160-78 (1890). 

4 Soxhlet, J. prakt. Chem., 21, 283 (1880). 

3 Koch, Pharrn. Ztg . Russland , 25, 619, 635, 651, 667, 683, 699, 730, 747, 763 
(1886). 

• Jungfleisch and Grimbert, Compt. rend., 107, 390-3 (1888). 

« 7 Guenther and Tollens, Bar., 23, 2585-6 (1890). 

• Parcus and Tollens, Lot, cit. 

• Van Ekenstein, Rec . trav. chim., 15, 221-4 (1896). 

10 Z. Zuckerind. Bdhmen , 25, 297 (1902). 

II Bourquelot and H6rissey, Ann. chim. phys ., 27, 397-432 (1902). 

xa Z. Ver. d. Zuckerind., 53, 1050-9 (1903). 

13 Bertrand, Compt. rend., 147, 201-3 (1908). 

14 hoc. cit. Also Ber., 13, 2180-4 (1880). 

13 Z . physik. Chem., 44, 487-94 (1903). 

13 Using the same method Meyer later proved this for glucose, Z. physik. Chem., 
62, 74 (1908). Cf. also Roux, Ann. chim . phys., 30, 422-32 (1903). 

17 Dingier' s poly . i$i t 213-23 (1859); I 55 » 386-8 (i860); 166, 69-71 (1862). 

13 Proc , Roy . Soc . London, 28, 273-9 (1879). 
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which causes the mutarotation, and that it is a general property of all the 
aldehyde and ketone sugars . 1 

The first attempt to find the physical law which governs the rate of the 
mutarotation was made by Mills and Hogarth 2 in 1879, but the result was 
only an empirical formula and must be regarded as unsatisfactory. It 
is to Urech 8 that we owe the first real progress in this line. He showed 
by a series of experiments during 1882-5 that the mutarotation foHows 
the law of unimolecular reactions. It is interesting, and to some minds 
instructive, to note that this correct beginning in the physico-chemical 
study of the long unsolved mutarotation reaction was coincident in time 
with the beginning of the modern theory of solutions and chemical dynam- 
ics. There can be little doubt that Urech’s experiments, which are 
the starting point of all exact work on mutarotation, were suggested by 
the advances that were being made at that time in the study of chemical 
dynamics by the new physico-chemical .school. 

I11 1888 Brown and Morris 4 and Arrhenius 6 observed that the freezing 
temperatures of glucose solutions remain unchanged during the process of 
mutarotation, which proves that the reaction which causes mutarotation 
is not a polymerization or dissociation of the sugar. More recently 
Roth 0 has detected a slight change in freezing temperature of concentrated 
solutions of anhydrous glucose on standing but this is doubtless due to 
hydration and does not alter the conclusion from the work of Brown and 
Morris and Arrhenius, because a polymerization or dissociation would also 
affect the freezing point of dilute solutions, and the investigators are all 
agreed that such an effect is not discernible. 

In 1890 O’Sullivan and Tompson 7 noticed that the invert sugar which 
is produced by the hydrolytic action of the enzyme invertase on sucrose 
shows mutarotation; this fact was later investigated by E. F. Armstrong 8 
and has been precisely studied lately by the author. 9 These researches 
have shown that the glucose which is liberated from sucrose is a-glucose 
and the fructose is a hitherto unknown form of this hexose, a-fructose; 
these facts show that sucrose has the constitution a-glucose < > a-fructose. 
The new form of fructose has not as yet been obtained crystalline. This 
method for determining the constitution of the polysaccharides by study- 
ing the mutarotation of the sugars which are formed by their enzymotic 
hydrolysis was first used by E. F. Armstrong 2 in his correlation of the 
a- and /?-me t hylglucoside s with the a- and /^-glucoses. In applying the 
method to other substances such as cane sugar where two mutarotating 
sugars are formed at the same time it is necessary to extend the theoretical 
considerations; a mathematical theory of the modified method of Arm- 

1 Hudson, Z. physik. Chem., 44, 487-94 (1903); This Journal, 26, 1065-82 (1904). 

1 Loc. cit. 

• Ber., 15, 2130-3 (1882); 16, 2270-1 (1883); 17, I547~50 (1884); 1 8, 3047-60 
(1885). 

4 J. Chem. Soc., 53, 610-21 (1888). 

8 Z . physik . Chem., 2, 491-505 (1888). 

• Ibid., 43, 539-64 (1903). 

1 J. Chem . Soc 57, 920 (1890). 

• Ibid., 83, 1305-13 (1903)* 

•This Journal, 30', 1 160-6, 1564-83 (1908); 31, 655-64 (1909).^ 
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strong and an experimental demonstration of it has recently been pub- 
lished by the author.' 

In 1895 Charles Tanret 2 discovered a new form of crystalline glucose 
which was found to have a specific rotation lower than that of the stable 
solution (52 °), though its value increased to this on standing. This 
discovery is the complement to Dubrunfaut’s and the two must cause 
chemists the world over to be grateful to French science, because more 
fruitful single discoveries in the chemistry of the carbohydrates have 
hardly been made. Tanret found the final rotation of glucose solutions 
to be the same whether the solution is made from the higher or the lower 
initially rotating form. He interpreted his results as proving that three 
forms of glucose exist, one of high rotation, one of low, and the third the 
form to which each of these changes in aqueous solution. About the same 
time Tanret isolated similar-new crystalline forms of rhamnose, galactose 
and arabinose, and obtained Erdmann’s lower rotating form of lactose 
practically pure. Tanret’s striking discoveries immediately caused new 
interest to be taken in the problem of mutarotation. In 1899 Lowry* 
advanced the view that the mutarotation of glucose is caused by * balanced 
reaction between the highest and lowest rotating forms o f the stlgar, a 
view which may be expressed by the equation a-glucose (^ glucose. 
This explanation is essentially different from any that preceded it and 
later investigations have proved it to be entirely correct. Oif the other 
hand, Lowry did not support this hypothesis with any direct proof and it 
remained without such proof for several years. In 1902 s the author 
published the same view as an explanation of the mutarotation of lactose, 
being at that time unacquainted with the publication o f Low ry. The 
explanation may be expressed by the equation a-lactose ^-lactose, 
and experimental evidence for the view was given by measurements on 
the heats of solution of the three forms of lactose, which showed that the 
stable form to which «- and /Mactose change in solution is not a chemical 
individual, as Tanret had supposed, but is a mechanical mixture of «- 
and /?-lactoses. In 1903 the author 4 measured the slow maximum rate of 
solution of a-lactose and showed that the slowness of dissolving, which 
had been discovered by Mills and Hogarth, 1 is caused by the balanced 
reaction which produces the mutarotation. By quantitative measure- 
ments the hypothesis of the balanced reaction was tested and proved, 
and the explanation which these measurements gave of the mutarotation 
of lactose was immediately accepted by such an authority as Nernst. 8 
In the same year Lowry* published similar experiments on glucose and 
proved the suggestion which he had advanced in 1899. These questions 
of priority are here stated for the reason that E. F. Armstrong 7 has recently 
claimed for Lowry the discovery of the balanced reaction which causes 
the mutarotation, a claim which in the opinion of the author is entirely 
too broad. 

1 Loc. cit. 

1 Bull. soc. chim., 15, 195-205, 349 - 6 *; 17, 802-5. 

* Princeton Univ. Bull., April, 1902. 

* Z. physik. Chem., 44, 487-94 (1903). 

* “ Theoretische Chetnie,’’ ed. 1904. 

* Proc. Chem. Soc., 19, 156-7 (1903); 20, 108-9 (* 9 ° 4 )- 

7 “The Simple Carbohydrates and Glucosides,” p. 8. 
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A very fruitful idea was advanced by Lippmann 1 in 1895 in the sugges- 
tion that the lactonic formula for glucose predicts two possible forms of 
the sugar on account of the asymmetry of the end carbon atom, the two 
structures being 

r O 1 Al 

CH 2 OH.CHOH.CH.CHOH.CHOH.C< and 

x OH 

r O 7 /OH 

CM , 01 1 .CIK )H .CH.CIK )l l .CHOI I 

Ml 

This suggestion, after a slight development by Simon, 2 was made more 
probable by Armstrong's discovery, 3 that the a- and /?-forms of methyl 
glucoside are hydrolyzed by enzymes to give methyl alcohol and the 
a- and / 3 -forms of glucose respectively. As the methyl glucosides show no 
aldehyde reactions the lactonic formulas have always been chosen for 
them, the hydroxyl of the end carbon atom in the structures shown above 
being replaced by the group OCH s . Armstrong’s discovery indicates 
that similar structures probably apply to the forms of glucose. This 
suggestion received final proof in 1909 when the author 4 showed that certain 
numerical relations which can only be explained by the assumption of 
such lactonic structures for the two forms of the sugar, hold all through 
the sugar group. If the rotation of the end carbon atom is B for one 
structure it must be — B for the other, and if A is the rotation of the 
remaining asymmetric carbon atoms, which are common to both struc- 
tures, the total rotation of the one structure is A 4* B, and of the other 
structure A - - B, the difference between the two total rotations being 
then 2B. This rotation B applies to all the aldoses because they contain 
the same end asymmetric carbon, therefore the difference between the 
molecular rotations of the a- and / 3 -forins of all the aldose sugars should 
be a constant quantity if the sugars have the two isomeric lactonic struc- 
tures. The molecular rotatory powers of the two forms of lactose, glucose, 
arabinose and galactose were found indeed to differ by the quantities 
17600, 16000, 16200, and 15700, which are sufficiently alike to show that 
the theory is correct and that the two forms of each of the mutarotating 
sugars have the stereomeric lactonic structures. Certain other similar 
conclusions from the same theory were also found to agree with the 
rotatory powers of the sugars and their glucosidic derivatives. 

The catalytic action of various substances on the mutarotation reaction 
has been investigated by various chemists. 6 These researches have 
shown that only acids and alkalies have a strong action. Osaka® made 
the first quantitative study of the relation between acidity or alkalinity 
and catalytic action and found that the catalysis is proportional to the 
concentration of the hydroxyl ions and proportional to the square root 

1 “ Die Chernie der Zuckerarten,” ed. 1895, pp. 130, 990, 992. 

2 Compt. rend ., 132, 487-90 (1901). 

• hoc . cit. 

4 This Journal, 31, 66-86 (1909). 

; 6 Levy, Z. physik . Chem., 17, 301-24 (1895); Trey, Ibid., 18, 193-218 (1895); 22, 

- 424-63 (1897); 46, 620-719 (1903); Simon and B&iard, Compt . rend., 132, 564-6 (1901); 

| Lowry, J. Chem. Soc. t 83, 1314-23 (1903). 

| • Z . physik. Cfeew., 35, 661-706 (1898). 
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of that of the hydrogen ions. Later the author 1 showed that the pro- 
portionalities are somewhat different from this and that the rate of the 
mutarotation of glucose is related to the acidity and alkalinity of the 
solution by the expression rate ** A + B(H*) -f C(OH'), where A , B , 
and C are constants at constant temperature. This formula has lately 
been used as the basis of a new method for measuring the electrolytic 
dissociation of water. 2 A satisfactory explanation of the fact that acids 
and alkalies are enormously powerful catalysts of the mutarotation while 
all other substances are without comparable action is lacking. 

The sugars glucose, lactose, galactose, rhamnose, melibiose, arabinose, 
maltose, xylose and some others occur as monohydrates and these have 
generally been regarded as hydrated aldehydes without lactonic structure 
and thus intermediate forms between the two lactonic a- and /9-forms 
of the sugars. The freshly prepared solutions of these monohydrate s 
are identical in properties with such solutions of one of the anhydrous 
lactonic forms of the sugars and it is therefore to be concluded that the 
equilibrium between this lactonic form, whichever it may be, and the 
monohydrate is established instantly. For most of the sugars the lactonic 
form which is thus in instantaneous equilibrium with the monohyd&te, 
is the a-form, but for one sugar at least, maltose, it is the /?-form. The 
mutarotation reaction may then be considered to be the slow change of 
the monohydrate into the other lactonic form by a reversible reaction, 
or in the form of an equation, 

a-sugar -f H a O monohydrate /9-sugar -f H 2 0. 

(0 (2) 

For most of the sugars the reaction 1 is instantaneous in comparison 
with 2 , which is therefore the mutarotation reaction, but for maltose the 
relations are reversed. Why the monohydrate should change instantly 
to the a-form for some sugars, but to the /9-form for others is entirely 
unknown and is a most interesting problem. 

The mutarotation reaction is general to all the aldehyde and ketone 
sugars. It may indeed be called the fundamental reaction of the sugar 
group. While its cause remained unknown during the half century 
following its discovery, the last decade has brought a full explanation 
of it. The principal facts regarding it have been accurately measured 
and correlated. On the other hand the application of these facts to the 
elucidation of the chemical and biological reactions of the sugars, in 
every one of which mutarotation plays a part, has just begun, but it is 
even now apparent that the unfolding chemistry of the polysaccharides 
is to be largely a development of the mutarotation reaction. 
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For solids which do not melt, no method of determining the boiling 
point (“vaporizing point”) that is at once simple and accurate is avail- 
able, The chemist, when he encounters such a material, is thus deprived 
of both of his favorite methods for the characterization of substances. 
The crude plan of heating the substance in a deep crucible, placed in a 
draft cupboard, and taking the temperature of the vaporizing solid* 
is highly inconvenient, is very wasteful of material and, as we shall see, 
is not accurate. 

The measurement of the boiling point of a liquid, as usually made by 
means of a distilling flask and thermometer, is open to several objections. 
One of these is that, even if the whole of the mercury thread of the ther- 
mometer is immersed in the vapor, the apparatus is not such that the 
other conditions can be exactly specified and constantly fulfilled. Vary- 
ing results are therefore obtainable with the same substance by different 
observers, or even by the same observer. Thus, it is a familiar fact 
that use of a larger flame will raise the apparent boiling point. Again, 
use of a sand bath, a metal bath, or a wire gauze may cause superheat- 
ing of the thermometer by radiation. 

1 Read before the American Chemical Society, Dec. 30, 1909. 

1 V. Meyer and Harris, Ber. t 37, 1482. 
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On the other hand, many liquids are easily superheated, and boil ir- 
regularly in consequence. 

When the liquid boils regularly, use of a small flame, playing on the 
naked bulb of the flask and touching the latter only below the level of 
the surface of the liquid, gives the most constant and easily reproduci- 
ble results. But trial will show that at least five minutes' continuous 
boiling is required before the thermometer reaches the true temperature. 
Unless the liquid is distilling over very slowly during this time, a con- 
siderable supply of the material is thus required, and must be prepared. 
Even if the boiling point were to be determined in a vessel attached to a 
reflux condenser, at least 10-20 cc. of the liquid would be required to 
wet the condenser and leave a sufficient amount of the liquid to cover 
the flame. 

Surrounding the bulb of the thermometer with cotton 1 may protect 
the instrument from contact with superheated vapor arising from a 
41 bumping" liquid, and so overcome one of these objections. But cq^tton 
is a bad conductor, and the air it contains is very slowly expelled, so that 
its use will be found to triple the time elapsing before the thermometer 
reading reaches the true boiling point. Its employment involves, the 
provision of a slightly larger supply of the substance than would ordi- 
narily be required. 

Use of the apparatus here 
described enables one to 
avoid all these objections. 
The method automatically 
provides that constancy of 
conditions required for se- 
curing unvarying results. 
It enables one, also, to de- 
termine the boiling point of 
a solid as easily as that of 
a liquid. The whole opera- 
tion takes no more time, 
and but little more of the 
substance than the meas- 
urement of a melting point, 
made with a like degree of 
accuracy. 

The Apparatus, — A small 
bulb, with a wide capillary 
tube 3-4 cm. long and not 
less than 1 mm. in width 
1 Sydney Young, Stoichiometry (London, 1908), 141. 
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(figure, A) is prepared as for organic combustion of a liquid. The capillary 
is bent close to the bulb (figure, B), and a small amount (0.03' 0.1 g.) of 
the liquid, or of the pulverized solid, is introduced (the latter most easily 
before bending). To exclude moisture, liquids may be distilled directly into 
a crucible or small test tube placed in a Briihl receiver, suitably desiccated. 
The bulblet stands stem downwards in, or hangs on the edge of, thee rucible. 
When the receiver is partially exhausted, and air is again admitted, 
the liquid enters the bulb. The bulblet, after being charged, is attached 
with thread or asbestos cord above the bulb of the thermometer. Use 
of wire is apt to cause breakage of the latter. The whole is then fixed 
in a beaker (preferably of tall form) filled with a transparent liquid, and 
provided with a glass stirrer, all just as for a melting-point determina- 
tion (figure). 

The Bath Liquid.- — For substances boiling below ioo°, the beaker may 
usually be filled with water, or a strong solution of calcium chloride. 
For substances boiling below 200°, sulphuric acid, and for those boiling 
as high as 280-300° melted paraffin wax (m. p. about 53°) may be em- 
ployed. With substances boiling between 220° and 450° (or higher) 
we have used a eutectic mixture of potassium and sodium nitrates. 1 To 
extend the range downwards (to 120°), lithium nitrate may be added, 
but above 250° the lithium nitrate damages the thermometer and beaker 
by slowly attacking the glass and rendering it opaque. The composi- 
tion of the mixtures is as follows : 


NaNO,. 

KNO*. 

UNO*. 

M. p. 

18.18 

54*54 

27.27 

120° 

455 

54-5 


2 l8 0 


When the nitrate baths are used, the melt is poured into an iron or 
porcelain dish and not allowed to solidify in the glass beaker. To secure 
a transparent liquid from a formerly turbid one, the outside of the solid- 
ified mass may be washed before being again used. The whole apparatus 
stands oyer a metal tray ( e . g., a “drip-pan’ 1 ), which, in case of accidental 
breakage, catches the molten salts. 

The Manipulation. — The apparatus being in order, the bath is heated 
and, as the boiling point is approached, is stirred vigorously. At first, 
a few bubbles of air are expelled in consequence of expansion. When the 
boiling point is reached, all the air in the submerged bulblet is quickly 
displaced and, provided the substance is not soluble in the bath liquid, 
bubbles of the vapor of the substance rise to the surface in a rapid and 
regular stream. On removing the flame, a fall in temperature by a small 
fraction of a degree interrupts the stream sharply, and a re-elevation 
by the same amount restores it. Since all solids have air and moisture 
adhering to their surfaces, and liquids are likely to con tain oxygen and 
1 Carveth, J. Physic . Chem., 2, 207; see also Scudder, This Joxjrnau, 25, 161. 
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nitrogen and traces of water dissolved in them, a gentle stream of bub- 
bles is allowed to pass off for a few moments before the temperature 
is allowed to fall preliminary to the final temperature reading. This 
reading is taken when, with very slowly falling temperature, accom- 
panied by vigorous stirring, the stream of bubbles ceases. This ap- 
plies only to the case of mutual insolubility of the substance and bath 
liquid: the procedure in the contrary case will be described presently. 

The whole process should be repeated until constant readings are se- 
cured. To prevent the entrance into the bulb of the liquid from the 
bath, the thermometer and bulblet are finally raised out of the liquid. 
The barometric height (reduced to mercury at o°) is recorded, as usual, 
along with the observed temperature. A necessary correction will be 
discussed later. 

If the substance is soluble in the bath liquid, the temperature at which 
vapor ceases to issue cannot be observed sharply. The temperature 
reading is therefore taken when the bath liquid has ascended the capil- 
lary to a predetermined point, 5-10 mm. from the opening. The posi-* 
tion of this point may be fixed by noting some mark on the thermometer 
or binding threads. When the substance is very soluble in the bath 
liquid, as alcohol is in water, the bubbles of vapor dissolve, instead of 
rising to the surface, and only the few bubbles of air are seen. When, 
in such a case, the flame is removed, and the bath liquid enters the capil- 
lary, the section of the latter is so small that the surface layer of the 
liquid within it quickly becomes saturated with the vapor of the sub- 
stance. Hence the vapor cannot any longer dissolve nearly as fast as 
fresh vapor can be evolved from the substance in the bulblet. The level 
reached in the capillary is therefore unaffected by the tendency to ab- 
sorb the vapor, and is fixed solely by the vapor pressure of the substance, 
which is slowly diminishing as the temperature falls. 

The fact that the bath liquid may have considerable vapor pressure 
of its own — as, for example, when the boiling point of benzene is being 
determined with water as the bath liquid — has no influence on the ob- 
served boiling point. Such an influence would be observed only if the 
vapor of the water were able to diffuse up the capillary so as to reach the 
surface of the substance contained in the bulblet, and this it has no op- 
portunity to do when the methods are used as directed. In particular 
the second method, involving ascent of the bath liquid into the capil- 
lary, should not be used with insoluble vapors. When thus no process 
of solution is occurring, the vapor of the substance is stationary and 
very slowly condensing. A little of the vapor of the bath liquid, if the > 
latter has any appreciable vapor pressure, may then diffuse backwards 
into the bulblet. When, in such circumstances, the reading is made 
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too deliberately, the dilution of the vapor in the bulb may lead to the 
reading of a temperature 0.05-0.1° too low. 

Even when the vapor of the substance interacts chemically with the 
material in the bath, the boiling point will usually be still determinable. 
Thus, we have obtained serviceable boiling points of calomel with a bath 
of melted nitrates, although the vapor causes a slow precipitation of 
mercuric oxide; and of ammonium chloride, although the vapor inter- 
acts with the nitrates, giving rise to a continuous formation of nitrous 
oxide. In the latter instance, the temperature at the point of minimum 
gas-evolution was taken. 

Correction for Immersed Depth. — Since the pressure, due to the height 
of the liquid in the beaker over the opening of the capillary in the first 
method, or over the point to which the liquid ascends in the capillary 
in the second, will raise the boiling point above that shown in an open 
flask, a correction of the barometric reading for this effect is required. 
The depth from the surface to the end of the capillary, or to the mark 
opposite the point to which the liquid ascended, is measured by means 
of a scale held in front of the beaker. This distance (in mm.) is multi- 
plied by the specific gravity of the liquid at the temperature used and 
divided by the specific gravity of mercury at o° (13. 59). The result is 
added to the barometric reading. For ordinary purposes this distance 
and the specific gravity of the liquid do not need to be known with great 
accuracy. An error even remotely approaching 0.2 mm. of mercury 
in the pressure, representing an error of 2.7 mm. in the measurement 
of immersed depth when water is the bath liquid, could not possibly be 


Sulphuric acid Paraffin Two nitrates Three nitrate# 

(92.75%) (M. p. 53°). (Na and K). (Na, K and U). 
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made. Yet such an inconceivable error would usually involve a differ* 
ence of only o.oi° in the boiling point. 

The above table of specific gravities 1 may be used in making the 
correction. For intermediate temperatures, the value is obtained by 
linear interpolation. 

Precautions for Special Accuracy: Stirring , Thermometry , Capillarity . 
— (i) It is necessary that temperature changes near the boiling point 
should proceed very slowly, and that uniform distribution of temperature 
be secured by violent stirring. 

(2) The thermometer must be accurate, or its errors known. The 
usual correction for exposed thread must be made. Use of short ther- 
mometers, with a range of only 50-60° each, and of a deep beaker, will 
permit complete immersion of the whole thread and render this correc- 
tion unnecessary. The accuracy of the readings is ordinarily limited 
only by the accuracy of the thermometers used. 

(3) Since the tendency to capillary rise in the narrow tube contributes 
an added pressure, and slightly elevates the boiling point, a capillary* 
less than 1 mm. in diameter should not be employed. 

It might be expected that this pressure, due to capillary ^cension, 
would involve an appreciable error, but this is not the case. It is true 
that water has an exceptionally high capillary constant — at o° nearly 
31 mm. for a tube 1 mm. in diameter, and at ioo° about 25 mm. In the 
single case, therefore, in which the substance and the bath liquid are both 
pure water, this pressure amounts to 1 . 7 mm. of mercury, and raises the 
boiling point 0.06°. But the capillary constants of other liquids are 
usually much smaller. Thus, the ascents in a tube 1 mm. in diameter are: 
paraffin oil (at 100 °) 10.8 mm. (» 0.6 mm. Hg), sulphuric acid (at ioo° 
9.8 mm. (= 1.3 mm Hg). With the nitrates, however, when pure , the 
ascent is very high. Thus the ascent of the two nitrates in a tube 1 
mm. in diameter is 23.4 mm. at 270° (= 3.3 mm. Hg). When water 
is the bath liquid, and some other substance is contained in the bulb, 
then the capillary ascension of the water contaminated with the distil- 
late is not that of water alone, but very nearly that of the substance. 
Thus, when the substance is one miscible with water, such as alcohol, 
the capillary ascent, assuming 50 per cent, alcohol within the capillary, 
is 10.4 mm. (=0.7 mm. Hg). When the substance is one immiscible 

1 These specific gravities were determined in this laboratory by Mr. F. B. Plum- 
mer, to whonj we desire to express our indebtedness. The values are accurate to 
within one unit in the third place of decimals. The following formulas summarize 
the results, and give values correct to the second decimal place within the limits of 
temperature specified; 

Sulphuric acid (92 75%, 30-200 °), 1.818-0.000906 (<— 30). 

Paraffin (m. p. 53 0 , 60-230°), 0.778-0.000612 (/ — 60). 

Two nitrates (230-390°), 1.968-0.00075 (t — 230). 
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with water, the ascent, as is well known, is greatly reduced by the oily 
matter in the liquid and the tube. In the case of benzene and water, 
for example, at o°, it is only about 14 mm. (« 0.9 mm. of Hg). The 
ascent of the nitrates is likewise reduced. Thus, when the tube is wet 
with an organic substance which does not mix with the salts, the eleva- 
tion is of the order of the smallest of the foregoing values. Thus the 
correction, if any be made on this account, represents only about 1 mm. 
of mercury, which would raise the boiling point on an average about 
0.04°. The temperature readings must therefore be accurate to less 
than o 04° to justify the use of this correction. When correction on this 
account is desired, the capillary rise may be measured to the nearest 
mm. by severing the bulb from the capillary tube, wetting the interior 
of the latter with the substance, and dipping the tube in the bath liquid. 

Examples* — The following sample boiling points (not corrected for 
capillarity) show: (1) that the correspondence of the results given by 
the submerged bulblet method (column 6) with those given by the dis- 
tilling flask method 1 (col. 7), both obtained with the same thermometer, 
is satisfactory ; (2) that this correspondence is as good whether the sub- 
stance is very soluble or is insoluble in the bath liquid (col. 2) ; (3) that 
the correspondence is equally good whether the bath liquid has itself a 
high or a low vapor pressure at the temperature concerned; (4) that the 
correspondence in the case of solids is also satisfactory so far as data 
for comparison are obtainable : 


Substance. 

Bath liq. 

Im- 

mersed 

depth. 

Density 

of 

bath liq. 

, V. p. B p. 

increase subm 
for i°. bulblet. 

dist. Saak. 

Benzene 

Water 

113 

O.97 

24 

79 -oi° 

79.OO 0 

a 

H t SO« 

104 

1-77 


79.04 

79.OO 

a 

Min. oil 

60 

0.9 


79 - 35 * 

79 - 33 * 

Ether 

CaCl a sol. 

70 

1 -47 

27 

33 87 

33 85 

a 

Water 

73 

0.99 


33-91 

33-85 

Alcohol 

Water 

60 

0.97 

31 

77 56 

77-55 

Camphor. 

Paraffin 

45 

0 69 

20 

208.00 

207 . 65 

Naphthalene 

. 3 Nitrates 

68 

i -93 

*7 

217.68 

217-73 

Calomel 

. 2 Nitrates 

59 

1.85 


383.2 

[382.5] 

Com. am. carbonate 

Olive oil 

57 

0.88 


58.5 

1 58.5] 


For the sake of comparison, the results for liquids by the submerged 
bulblet (col. 6), being obtained under greater pressure than those in the 
open flask (col. 7), are reduced to the existing atmospheric pressure by 
means of the known vapor pressure changes for i° (col. 5). 

The value for calomel in col. 7 is taken from vapor pressure measure- 
ments made by ourselves, using a platinum resistance thermometer. 

1 Naked flask, flame below the level of the liquid, and boiling continued to con- 
stant reading. 

* These observations were made at a different barometric pressure from the pre- 
ceding ones* * 
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Since a mercury thermometer, even when nitrogen-filled under pressure, 
and calibrated by comparison with a resistance thermometer, is accurate 
only ±i° at temperatures above 300 °, this correspondence is satisfac- 
tory. V. Meyer (Joe. cit.), using an open crucible, found the temperature 
of the vapor 35 7 0 (corr.), the error by his method being therefore 25. 5 °. 

The vaporising temperature of commercial ammonium carbonate is 
necessarily variable, since the substance is not of constant composi- 
tion. The value in col. 7 is the mean of two values (59.6° and 57.6°, 
respectively) taken from Naumann’s 1 and Isambert’s 3 measurements 
of the vapor pressures of ammonium carbamate, and is therefore not 
strictly comparable. 

Probably because the liquid is heated equally from all sides, and not 
merely from below, no tendency to “bumping” was observed. 

Impure and Decomposing Liquids. — The submerged bulblet method 
will not only give the boiling point of a pure liquid, but has, in addition, 
the advantage of showing promptly when a mixture, and not a pure 
liquid, is being handled. If a second reading, following a second brief 
period of boiling for the removal of the volatile substances possibly pres- 
ent, shows a divergence from the first reading, the boiling or distilling 
operation can be repeated again and again. Since at most only two 
drops of material have been taken, as much as half of the sample can be 
boiled away in two or three minutes, and another observation made. 
If a continuously changing series of boiling points is observed, then the 
substance is impure (either originally, or in consequence of rapid decom- 
position). These operations are essentially fractionations, involving, 
however, only minute amounts of material and an insignificant expendi- 
ture of time. 

To illustrate the behavior of a mixture, equal volumes of benzene 
and commercial toluene were taken, and 0.03 cc. of this mixture was used. 
The successive boiling points, with sulphuric acid as bath liquid, were 
91. 1 °, 92. 7 0 , 94. o°, 96. 1 °, 98.7°. After five observations, about half 
the contents of the bulblet still remained. 

Characteristics of the Submerged Bulblet Method. -^The chief features 
of the method are: 

(1) That it is applicable to non-fusing solids, for the determination of 
the boiling points of which no simple and accurate method has been 
known. 

(2) That a minimum of material® (at most 0.1 g.), and a minimum of 
time are consumed. 

1 Ber., 4, 782. 

* Compt, rend., 97, 1212. 1 

* For other methods requiring but little material cf. Sivolobov, Ber., 19, 765; Mul- 

liken, “Identification of Pure Organic Compounds,” Vol. I, p. 282 (1904); Schleier- 
macher, Ber. t 24, 944. * 
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(3) That the conditions are definite and easily reproducible with ex- 
actness, and that, in particular, it is impossible for the liquid, the vapor, 
and the thermometer to differ in temperature. The boiling points ascer- 
tained are therefore more accurate, and more exactly comparable than 
are those obtained by the usual method. 

(4) That with impure or decomposing liquids a fractional distillation 
in miniature may quickly be carried out and the impureness recognized. 

(5) That when the dissolved or occluded gases, or volatile substances 
which are always present, can be removed by boiling, the removal may 
be accomplished and a satisfactory boiling point secured. 

(6) That by taking the boiling point of a mixture of the two, the iden- 
tity or non-identity of two liquids of almost identical boiling points may 
often be ascertained without sacrifice of an appreciable amount of ma- 
terial. This method will apply, however, only when the two substances 
are of chemically dissimilar natures, and not usually to very similar 
substances. 1 

(7) That the method may be adapted to finding boiling points at nor- 
mal pressure (760 mm.), and under reduced pressure (see next two papers). 

[Communication from the Labor vtoriks of General, and Physical Chemistry 
of the University of Chicago.] 

A COMMON THERMOMETRIC ERROR IN THE DETERMINATION OF 
BOILING POINTS UNDER REDUCED PRESSURE. 

By Alexander Smith and Alan W. C. Menzies. 

Received June u, 19*0. 

In very accurate work, when the thermometer is immersed in a bath 
of liquid, a correction is introduced on account of the apparent eleva- 
tion of the temperature, due to compression of the bulb. The converse 
effect, namely, a dilatation of the bulb, causing an apparent lowering in 
the temperature, when the thermometer bulb is immersed in a vapor 
under reduced pressure, may be equally well known. Having had oc- 
casion, however, to study a large part of the literature of boiling points 
and vapour pressures, we have not happened to observe any mention of 
this source of error, or any case in which a correction was applied on ac- 
count of it. 2 This source of error would appear therefore to be neglected 
by many chemists. Yet in the magnitude of its effects it usually far 
exceeds the correction for compression, since evacuation involves the 
removal of a pressure equivalent to a head of about 30 feet of water, 
while the compression involves usually the addition of only a few inches. 
The following observations show that, in point of fact, the effect cannot 
be ignored in any but the roughest work. 

1 Young, Stoichiometry (London), 1908), 264. 

* Since the above was written, a single, inconspicuous instance has been noticed. 
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Experiments. — Eleven thermometers (mercury in glass) of various 
makes were selected. Seven were graduated in tenths of a degree, and 
were capable of being read to hundredths. Two (Nos. 9 and 10) were 
graduated in fifths, and two (Nos. 1 and 1 1) in hundredths of a degree. 
The thermometers, fitting tightly through rubber stoppers, were par- 
tially enclosed in test tubes, provided with side tubes. The tubes were 
supported in a thermostat, the temperature of which remained con- 
stant ±0.005. After the reading of each thermometer became con- 
stant, the test tube was exhausted to 20 mm. through the side tube, 
and the new reading, after constancy was reached, was taken. Air 
was then re-admitted, and the readings were repeated, to ascertain that 
no permanent change in the value at one atmosphere pressure (or more 
exactly 748 mm.) had occurred. 

The results are given in the table. The diameters of the bulbs are 
outside measurements (mm.). The thickness of the glass of the bulbs 
differed considerably, but could not, of course, be measured. No|. 9 
and 10 were members of a set of Anschutz thermometers. No. 4 was of* 
Jena normal glass, by G6tze: 

Bulb. Bulb. 


No. 

Length 

Oiam. 

Change 

No. 

Length. 

Diam. 

Change. 

I 

58 

5.0 

0.144° 

6 . . 

- • 9 

5-5 

0.11° 

2 

28 

6.5 

0.16 

7 ... 

. . 9 

5 5 

O.II 

3 

. . . . 25 

5.0 

0.13 

8.... 

. . . . IO 

5 -o 

O. IO 

4 

20 

55 

0.10 

9.... 

. . . . 10 

4-2 

0.14 

5 

20 

5-0 

0.13 

10. . . . 

. . . . IO 

4.2 

0.17 


The change in apparent temperature (dilatation) varied from 0.10 
to o. 1 7 0 . Considering the very great differences in the sizes of the bulbs, 
it was surprising that the changes did not cover a wider range. Evi- 
dently the amount of the effect cannot be predicted from the dimen- 
sions of the bulb. 

When intermediate pressures were used, the change, as might be ex- 
pected, was found to be a linear function of the pressure. 

Only one of the eleven thermometers suffered a permanent distortion. 
In this case (No. 11) the bulb measured 35x9.5 mm. The successive 
values of the change were 0.260°, 0.177°, 0.162°, 0.162° (constant). 

Conclusions. — (1) In vacuum distillation, if the temperatures are to 
be reasonably correct, special investigation of the behavior of each ther- 
mometer is required. In view of the behavior of our eleven thermom- 
eters, which showed no relation to the size of the bulb, an error much 
greater than 0.2° might'be involved in the case of an individual instru- 
ment. 

(2) In measurements of vapor pressures, by methods in which the 
bulb of the thermometer is immersed in the vapor, an error of o. ij° 
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or more may exist in the temperature readings. The absence of any 
correction on this account vitiates many of the published data. Specific 
instances will be noted in later papers dealing with vapor pressures. 

[Communication from the Laboratories of General and Physical Chemistry 
of the University of Chicago.] 

STUDIES IN VAPOR PRESSURE: II. A SIMPLE DYNAMIC METHOD, 
APPLICABLE TO BOTH SOLIDS AND LIQUIDS, FOR DETER- 
MINING VAPOR PRESSURES, AND ALSO BOILING 
POINTS AT STANDARD PRESSURES. 

By Albxandkr Smith and Alan W. C Menzirs. 

■Received June 11, 1910. 

The principle of the submerged bulblet method of determining boil- 
ing points, described in the preceding paper, may be adapted to the 
measurement of vapor pressures. The necessary apparatus may be set 
up from materials found in any laboratory, and a series of measurements 
of considerable accuracy may be made, 
all with the expenditure of very little 
time. 

The Apparatus. — The bulblet, with at- 
tached capillary tube not less than i mm. 
in diameter, is charged with a small 
amount (about o.i g.) of the solid or 
liquid substance, and is attached to the 
thermometer by means of thread or as- 
bestos cord, just as for the boiling-point 
determination. Instead, however, of be- 
ing then immersed directly in the open 
bath, it is enclosed in a test tube (see 
figure). The L-shaped tube leads to the 
manometer, connections with the atmos- 
phere and with a pump being provided 
by means of T-tubes. A large bottle 
between the pump and manometer is 
useful for regulating the pressure. Stop- 
cocks on the tube leading to the pump 
and on that opening to the air permit the 
pressure to be lowered or raised at will. 

For pressures below that of the atmos- 
phere, a water-pump, and for pressures 
above that of the atmosphere a small 
comjwression pump (e. g., a bicycle pump) may be used. With only a 
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rubber stopper dosing the test tube, the pressure cannot be carried far 
above that of the atmosphere. But this apparatus will serve well when 
direct observation of the boiling point at standard pressure (760 mm.) is 
desired. 

The test tube contains the same liquid as the surrounding bath. What 
was said in the first paper in regard to suitable bath liquids (p. 899), 
and in regard to the choice of thermometers (p. 902) applies here. The 
bath may be stirred by hand. 

The Manipulation. — It will be suffident to describe the mode of opera- 
tion when pressures below that of the atmosphere are being observed. 
After the temperature has become constant at the desired point, and time 
has been allowed for equalization of the temperatures within and with- 
out the test tube, the pressure is reduced by cautiously opening the stop- 
cock on the tube leading to the pump. When the pressure has fallen 
to, or just below, the vapor pressure of the solid or liquid, a continuous 
stream of bubbles issues from the capillary. In a few moments, the vppor 
of the substance has displaced the air in the bulb, and usually also all the 
oxygen, nitrogen, or moisture dissolved in the substance, or adhering 
to the substance or the glass. The stop-cock on the tube leading to the 
pump is now dosed, and that admitting air is slightly opened. The 
pressure is allowed slowly to rise until the stream of bubbles ceases. Use 
of the stop-cock alone does not permit of fine adjustment. Admission of 
air, a very little at a time, is best effected by grasping and closing the 
rubber tube at two places with the fingers. The volume of air in the 
enclosed section of the tubing bears only a small ratio to the total vol- 
ume of the apparatus, including the bottle. By opening and closing 
the two constrictions alternately, first* that next to the apparatus, then 
that nearer to the end which is open to the atmosphere, air is admitted 
in minute amounts at a time, and the pressure is raised very gradually. 
When the stream of bubbles suddenly ceases, the pressure of the air 
in the apparatus is equal to that of the vapor. The pressure at this 
moment is read on the manometer. This method applies when the sub- 
stance and bath liquid are mutually insoluble. When they are mutually 
soluble, the bath liquid is allowed to ascend to a predetermined point, 
5-10 mm. from the mouth of the capillary, just as in the boiling-point 
determination (p. 900). 

To make sure that the dissolved or adhering gases and moisture are all 
expelled, the pressure is lowered, and* the boiling out and subsequent 
operations are repeated. If consecutive measurements do not finally 
give constant values at the same temperature, the substance is impute, 
either because of original impurity or of decomposition during the heat- 
ing. When a satisfactory reading has been obtained, the temperature 
is raised 5 0 or io° and the same operations are carried out at the new 
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temperature. If an open manometer is used, the barometric height (re- 
duced to mercury at o°) is taken also, and the reading of the manometer 
(likewise reduced to o°) is subtracted from it. 

A correction for the pressure, due to the depth from the surface of the 
bath down to the mouth of the capillary, or to the point to which the 
liquid ascends, is required. The details of this correction are identical 
with those described in the paper on boiling points (p. 901). 

Sample Determination: Water. — To illustrate the adaptability of this 
form of the submerged bulblet method to securing quickly and easily 
a series of measurements of moderate accuracy, the results with water 
may be given. The test tube and bath were filled with mineral oil. 
Elaborate precautions to insure accuracy were purposely avoided. The 
manometer consisted of a piece of glass tubing fastened rigidly to an 
ordinary wooden meter scale. It stood in a vessel of mercury. Cor- 
rection was made for capillarity in the manometer ( + 1.7 mm.), and 
the readings of the manometer and barometer were reduced to mercury 
at o°. The correction for the immersed depth of the bulblet was made. 
One of a set of short Anschutz thermometers graduated in fifths of a de- 
gree was used, and the thread was completely immersed. Comparison 
with a standard thermometer showed no errors over 0.05°, and the 
readings were therefore assumed correct. The following were the ob- 
served readings, after correction : 


Temp. 

V.p. 

S and M. 

V. p. 

H & H. 

Diff. 

mm. 

Temp. 

S an<?M. 

V.p. 

n Sen. 

Diff. 

mm. 

49 0 

88.0 

[ 87.8] 

4 0.2 

80.0 

355 4 

355 • 1 

+ 0.3 

60.7 

155-3 

154 . I 

4-1.2 

85.5 

441.5 

442.2 

—0.7 

67.8 

2138 

212.2 

+ 1.6 

90.0 

526.5 

525-8 

+ 0.7 

73-6 

273 5 

272.5 

4 1 0 

953 

640.5 

641 . 1 

— 0 .6 


The columns H & H contains the values published by Holbora and 
Henning, 1 which are the most trustworthy available. The algebraic 
sum of the differences divided by the number of observations gives the 
divergence of the curve as a whole from that of H & H. This divergence 
is 0.46 mm, and the corresponding divergence of the temperature is 
0.07°. 

This arrangement was used successfully in preliminary measurements 
of the vapor pressures of mercury and of non-fusing solids like the mer- 
curous halides at 280-370°. 

Three Additional Sources of Error, and the Corrections Therefor.— The 
irregularity of the individual observations cited above is due to the crude- 
ness of the manometer, chosen intentionally to avoid the use of any 
spetifil apparatus. Aside from this, however, there are three other 
sources of error for which, if desired, correction may be made. 

1 Ann. Physik , [4] *6, 882 (1908). 
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, One of them is the error due to neglecting the pressure caused by capil- 
lary ascension of the bath liquid in a tube i mm. in diameter. As we have 
shown, 1 this involves an error of only about i mm. of mercury pressure, 
or usually about 0.04° in temperature. In the case of the paraffin oil 
used in the foregoing determinations, this error was only 0,5-0. 6 mm. 
Unless, therefore, the temperature is being read with unusual precau- 
tions, this correction may be ignored. 

The second source of error lies in the fact to which attention is called 
in a separate communication, 2 namely, that a thermometer bulb placed 
in a partial vacuum undergoes dilatation and gives low readings. 

The amounts of these two corrections, and the effect of taking account 
of them, is shown with the same data in the following table: 



S anS*M. 

Temp. corr. 
for 

V. P ' 
change 

Corr. for 
dilatation 

Corr. for 
capil. 

S and M 

Diff. from 

Temp, 

dilatation 

per i°. 

in mm. 

in mm. 

corr. 

HScH. 

49 - 0 ° 

88.0 

O.13 0 

4-5 

— 0 . 6 

4-0.6 

88.0 

4 - 0.2 

60.7 

155-3 

O. II 

7 -i 

— 0 . 8 

4-0.6 

155-1 

4 - 1.0 

67.8 

213.8 

O. IO 

9.2 

— 0.9 

4-0.6 

213*5 

+ ^•3 , 

73*6 

273-5 

0.09 

11 . 5 

— 1 .0 

4 - 0.6 

273.1 

+0.6 

80.0 

355-4 

0.08 

14.6 

— 1 .2 

4*0.5 

354 7 

—0.4 

85*5 

441-5 

0.06 

17.3 

— 1 .0 

4-0.5 

4410 

— I- 2 

90.0 

526.5 

O.04 

20.0 

— 0 .8 

+ 0.5 

526.2 

+ 0.4 

95-3 

6405 

0.02 

234 

-0.5 

4-0.5 

640.5 

— 0.6 


By these corrections, the divergence from the standard values is re- 
duced from 0.46 mm. to 0.16 mm., or, in temperature, from 0.07° to 
0.03°. 

It will be seen that these two corrections work in opposite directions. 
On this account, when the present apparatus is used for securing a series 
of approximate vapor pressures, and for the applications to be men- 
tioned presently, they may be neglected. When accurate vapor pres- 
sure measurements are required by a dynamic method, a modified, less 
simple form of the apparatus, to be described in a later paper, may be 
employed with advantage. In this apparatus, one of these corrections 
(that for dilatation) disappears, and the other is therefore to be taken 
into account. 

The pressures may be still further corrected for the value of the grav- 
ity constant at the place of observation. In this laboratory the correc- 
tion is — 0.25 mm. per 760 mm. This correction, if applied, reduces 
the average divergence of the curve of pressures observed from the stand- 
ard curve to 0.06 mm., or about o.oi 0 . This final result shows that by 
the method results of remarkable accuracy are obtainable. 

Application to the Determination of Boiling Points of 760 mm., and 
under Reduced Pressure. — The present, almost universal custom of pub- 

1 See first paper, This Journal, 32, 902. 

3 See preceding paper, This Journal, 906. 



STUDIES IN VAPOR PRESSURE, H. 


9U 

iishing boiling points at whatever atmospheric pressure happens to ex- 
ist at the time, aggravated in the majority of cases by omission to state 
what that pressure was, raises some question as to the carefulness of the 
whole investigation, and, besides, tends to defeat the purpose for which 
ostensibly such data are given, namely the identification of substances. 
Thus, even when the barometric height is only 16 mm. distant from 
760 mm., the boiling point of alcohol is o 5 0 in error and that of naphthal- 
ene no less than 1 °. It is extremely desirable that uniformity should be 
observed, and that all boiling points of stable substances should be ascer- 
tained at the normal pressure of 760 mm., and published in that form. 
The submerged bulblet method just described renders this operation so 
easy that jthe added value of the data is worth far more than the little 
extra trouble involved. 

When the substance is unstable at its boiling point, and has been puri- 
fied by distillation under a reduced pressure*, the boiling point at this 
pressure is published, and in such cases the value of the pressure is usually 
given. Commonly, to promote quiet boiling,- a fine stream of air enters 
the boiling liquid through a capillary. Examination of the literature 
shows conclusively, however, that boiling points determined in this way 
are utterly untrustworthy. 

This was clearly exhibited, for example, in connection with the contro- 
versy 1 over the question of whether such a boiling point was identical 
with the temperature at which the substance exercised a vapor pressure 
equal to that used in the distillation. Employing a vacuum distillation 
apparatus of the standard type, but more carefully constructed than the 
forms commonly used, G. W. A. Kahlbaum 3 found the boiling points to 
be sometimes higher and sometimes lower. The differences were, indeed, 
finally demonstrated to bj in part due to the fact that the vapor pressure 
observations which he chose for comparison were inaccurate. 8 In at least 
one conspicuous case (butyric acid), also, the material was very impure. 4 
But the greater part of the differences was due simply to the form of this 
particular apparatus, which was never devised for obtaining exact boiling- 
point-pressure readings. The original, and still, practically, the only 
purpose of the apparatus is to secure efficient purification by fractiona- 
tion in vacuo. Any form which will achieve this end may be used, and is 
used. 

To illustrate the striking differences between boiling points in a distilla- 
tion apparatus and the true boiling points under various pressures, as de- 
termined in an apparatus especially devised for this purpose, a few 

1 List of references, Ostwald, Handh ., z, 308, to which add Z. phystk. Chem 7, 
438, and Z. physik, Chem., 6, 594. 

* Ber. t 16, 2476. 

8 Ramsay and Young, Ibid., xg, 21x4. 

* Bannow, Ibid., xg, 2552. 
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typical values are given below. In the columns headed K appear Kahl- 
baum’s 1 boiling points. The substances, in these instances, could not 
have been seriously impure. Under R & Y and Y are given the boil- 
ing points as ascertained by Ramsay and Young and by Young, respec- 
tively, and these results are confirmed by other published data. 


Pres- Benzene. Ethyl alcohol Bromobenzene. Aniline Quinoline. 

aures. . — — ■ > — * «— — « ■* — » 

mm. K. R & Y .2 K. R & Y » K. R & Y. 2 K. R 8 c Y * K. Y * 

5 —0.6 .. +1.5 .. 29. S 285 65.5 .. 972 89.5 

10 +X.3 .. 6.5 — 2.85 41.5 40 72.7 ... 106.6 104 

15 3-3 —10 9 5 +2.80 49.6 47.5 783 ... 112.6 113 

20 5.1 — 5 124 7.35 55.8 53.5 83.0 81.5 1x8.0 120 

25 6.4 — 1 14.4 10.75 60.1 58 87.2 86 121.9 125 

50 13 8 +12 23 5 22.15 70.7 73 5 100.9 102 *136. 5 142 

75 20.1 +20 5 29.0 29.20 77.3 83 108.2 112.5 144.8 154 


The especial unfitness of the distillation apparatus at low pressures, 
where the temperature is below that of the room, is shown particularly 
in the cases of alcohol and benzene. Here, heat reaches the theAnopieter 
by radiation faster than it can be removed by a vapor of low heat capa- 
city, and the temperatures are all much too high. Kahlbaum 0 states 
that wrapping cotton round the bulb, whether this cotton is previously 
moistened with the substance or not, does not, in these cases, bring about 
better correspondence of the results. 

Quite recently, Von Rechenberg 7 has called attention to another error 
due to the fact that the large amount of vapor passing through the dis- 
tillation apparatus gives a steep pressure gradient between the flask 
and the pump. When the manometer is distant from the flask, the ob- 
served pressure may be as much as 12 mm. below that existing in the 
flask. When air is admitted freely through a capillary to prevent 44 bump- 
ing/* the steepness of this gradient is higher than it would otherwise be. 

It seems, therefore, to be. desirable that the boiling points (and corre- 
sponding pressures) of substances isolated by vacuum distillation should 
always be determined by a measurement made especially for the purpose. 
The submerged bulblet method described above furnishes a simple ap- 
paratus, and gives results of the requisite degree of accuracy. It is free 
from the error due to the air entering through the capillary. This method 

1 Ber., 17, 1259. 

* J. Chem, Soc., 55, 501-3. 

* Ber., 18, 2856. 

4 /. Chem. Soc., 47, 649. * 

* J&d., 55* 4»5- 

* Ber,, 19, 947. 

7 J. prakt . Chem., 79, 475. For further discussion of this subject see Kraffts, 
Ibid., 2, So, 242 (1909); Hansen, Ibid., 80, 449; Krafft, Ibid., 8o, 469; and the reply 
of von Rechenberg, Ibid., 80, 547. Also Siepermann, Ibid., 81, 190; and Hansen, Ibid., 
81, 282. * 
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involves in reality a distillation in vacuo , but the extremely small amount 
of actual vapor transference occuring completely obviates the source of 
error noted by Von Rechenberg. The method avoids the error at low 
temperatures due to superheating of the thermometer by radiation, as 
the latter is immersed in a bath liquid of great heat capacity. It elim- 
inates also, for the same reason, all the variability in the conditions, 
and therefore in the results, to which, as we have seen, 1 the distilling 
flask method is liable. 

For data which are to be published, ready comparability would be 
secured by choosing a list of predetermined pressures, such as 5, io, 
20, 50, 75, ioo, 200 mm., etc., up to 760 mm., the particular pressures 
being selected from this list with reference to the stability of the sub- 
stance. The simplest way to accomplish this is to make several vapor- 
pressure readings in the desired region, to prepare a temperature-pressure 
curve from the data, and to read off the temperature at the exact pres- 
sures selected. 

Reduction of Boiling Points to 760 mm. by Calculation. — It does not 
seem to be widely known that the observed boiling point at existing 
atmospheric pressure may be reduced to the value at 760 mm. by calcu- 
lation alone, and usually without serious error. A rule given by Lan- 
dolt, 3 which appears to be the only one that is familiar, is to the effect 
that the boiling point changes o 043 0 for each mm., or, what is the same 
thing, i° for every 23.3 mm. Now the following changes in pressure 
for i 0 at the boiling point show this statement to be too inexact for prac- 
tical use: Benzene, 24 mm.; ether, 27 mm.; alcohol, 30.3 mm.; naph- 
thalene, 17 mm.; mercury, 13.6 mm.; water, 27.2 mm. Landolt’s rule 
in reality overlooks the fact that the change in pressure per i° is not 
constant, but varies inversely with the boiling point on the absolute 
scale. The following ruld, based on the Clausius-Clapeyron law, and 
identical with, but simpler in form than that of Young, 8 gives results of 
accuracy sufficient for many purposes: Divide 8500 by the boiling point 
on the absolute scale (observed at about one atmospheric pressure), and 
the quotient is the change in pressure (in mm.) for 1 0 change in boiling point . 

The constant varies, changing by about 1 per cent, for every 10 mm. 
below or above 760. The above value (8500) can be used, therefore, 
only for observed boiling points near to 760 mm. This value applies 
to most substances, but for alcohols, acids, water, and other substances 
containing the hydroxyl group the value 10200 must be used instead. 
The following data illustrate the degree of approximation attained by 
the use of this rule: 

1 See first paper, This Journal, 32* 897. 

* Ann . (Liebig), Supply 6, 175. 

• /, Chem. Soc. f 81, 777. The number 8500 is the reciprocal of Young's constant, c. 
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B.-p, C. 


Benzene 8o° 

Naphthalene 2x8 

Chloroform 62 

Carbon disulphide 46 

Aniline 184 

Methyl acetate 57.5 

Methyl formate 32.3 

Amyl «-butyrate 178.6 

Ether 34.6 

Mercury 357 

Sulphur 445 

Water 100 

Alcohol 78.4 

Acetic add 119 


V, p. change. V- p. change. 
B..p. abs. obsd. mm. calc. mm. 


353 ° 

24 

24.1 

49 x 

17 

X 73 

335 

25.2 

25-4 

3 X 9 

24-7 

26.6 

457 

19- 5 

18.6 

330.5 

26.8 

25-7 

305-3 

28.8 

27.8 

451.6 

19 

18.8 

307.6 

27 

27.6. 

630 

13-6 

13-5 

718 

12.2 

11 .8 

373 

27.2 

27. 3 1 

351.4 

30.3 

28. 9 1 

392 

24 

26.0* 


[Contributions from the Research Laboratory of Physical Chemistry of the 
Massachusetts Institute of Technology, No. 52.] / 

THE CONDUCTANCE AND IONIZATION OF POTASSIUM TRI-IODIDE, 
AND THE EQUILIBRIUM BETWEEN IODINE, IODIDE, 

AND POLYIODIDES IN AQUEOUS SOLUTION. 

Bv W. C. Brat and G. M. J. MacKay. 

Received June 13, 1910 

This investigation was undertaken in order to determine the equiva- 
lent conductance of the tri-iodide ion, I 3 "; for a knowledge of this quantity 
is needed in the study of the equilibrium between iodine, iodide, and 
polyiodides in aqueous solution. Our own experimental work deals 
only with dilute solutions; but so much experimental evidence relating 
to this equilibrium in more concentrated solutions is available that it 
has seemed worth while to consider the results of several of these inves- 
tigations from a single point of view. ' Accordingly, after presenting 
our own results, we have attempted to calculate the proportion of iodide, 
tri-iodide, and higher polyiodide present in a normal KI solution satura- 
ted with iodine. 

The only careful determination of the conductance of tri-iodide ion* 
A l3 , is that of Burgess and Chapman, 2 who calculated, from transference 
experiments, that A 1 $ /A x «* 0.566. If we accept the value A x — 76.5 
at 25 °, as given below, then A l3 is found to be 42.5. We have recalcu- 
lated these results 3 and have found the same mean value for A Jit although 

1 Constant here 10200, for the others 8500. 

* Burgess and Chapman, J. Chem. Soc, } 85, 1305 (1904). 

8 The share of transport of tri-iodide ion,Ci 8 - X -h 8 /(Ci 9 - X A u + Cj- X 4- Cjc ♦ X dj c) 
equals \(B/A — 1) and may be obtained directly from the values of B/A given by these 
authors in the table on page 1316/ The concentration ratio Cj-/CV is given as C*/C, 
in the tables on page 1309, the degrees of ionization of KI and KI* being assumed equal. 
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the separate values do not agree perfectly with the original calculations. 
These experiments are, it is true, open to the objection that concentra- 
tion changes are referred to a constant volume of solution instead of to a 
definite weight of water. But we have estimated, on the assumption 
that the partial volume of 1 gram of dissolved iodine (as explained below) 
is 0.2376 cc. and that of 1 gram dissolved potassium iodide is 0.283 cc., 
that the error introduced in this way is less than o . 2 per cent. 

The method which we have used in determining A Is depends upon 
the measurement of the change of conductance produced by dissolving 
iodine in a solution of potassium iodide. A few incidental measure- 
ments of this kind have been made by LeBlanc and Noyes 1 and by Bur- 
gess and Chapman, 2 from which the last named authors calculated that 
the average value of the ratio A l JA l is 0.553. This close agreement 
with the results of their transference experiments is purely accidental; 
for the individual values (eight in all) derived from the conductance 
measurements vary irregularly between 0.51 and 0.60, corresponding 
to a variation of A x between 39 and 46. The inaccuracy of these meas- 
urements is doubtless due to the fact that the amount of KI 8 present 
was much smaller than that of KI. We have avoided this source of 
error as far as possible by saturating the KI solution with iodine, and 
thus obtaining a concentration of KI a nearly equal to that of the un- 
combined KI. 

The fundamental assumption which is made in interpreting any of these 
experimental results is that the only polyiodide present is KI 3 . This 
depends upon the measurements of the equilibrium I r =* I~ + I, made 
by Jakowkin 3 at 25 0 and Dawson 4 at 13. 5 °, in which the concentration 
of I 2 as such in the aqueous solution was varied and determined by parti- 
tion experiments, and the additional dissolved iodine was assumed to be 
present as KI S . The values of the equilibrium constant 5 

(I 3 )(I-) CutCtl 

dr) “ r f c xu 

could not be directly determined but the values of the expression 

Kl - where K - r ~ l 

T 

We have also assumed that at 25 0 — 74.8, and that CjiCij/Cjjg — 0.00138. The 
values of Ai % calculated from the separate experiments, and given in the same order 
as on page 1309, are 42.3, 42.9, 42.6, 42.5, 41.9, 42.4, and 43.3. 

1 LeBlanc and Noyes, Z . physik. Chem 6, 402 (1890). 

* Burgess and Chapman, Loc. cit ., 1310. 

■ Jakowkin, Z. physik . Chetn ., so, 19 (1896). 

4 Dawson, /. Chem . Soc. t 79, 238 (1901). 

* Concentrations are represented by means of parentheses, or by the letter C. 
Cji means the total concentration of iodide, y and f are the degrees of ionization 
of KI and KI* respectively. 
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were found to be remarkably constant when the concentrations of I„ 
KI and KI 3 were greatly varied. We have collected in the following 
table some additional values of K x at 25 0 which we have calculated from 
the experimental data of Maitland. 1 A few of Jakowkin’s results are 
also presented for comparison. The first column shows the concentra- 
tion in mols per liter of the total potassium salt present, C IK « C xl + 
C Jh . The values of K x and the corresponding values of C It are arranged 
in horizontal rows : 


Ok. 

0.0625 

0.100 

0.200 

0.400 

0.500 

1 .00 


Table I. 

— Values op A\ ~ 

CfyCft/Cju 

AT 25 °. 


a 

M 

X 

IO 4 . . . 

0-754 

1 *59 

5-71 

Jakowkin 

K x X 

IO*. . . 

138 

1 .40 

I.4I 


Cjf X 

10 4 .. 

0.453 

1-855 

4.I90 

Maitland 

K x X 

JO a . . 

1*39 

1.38 

X .36 


x 

10 4 . . 

0.474 

1,179 

4.02 

Maitland 

K, X 

io\ . . 

x- 4 * 

1 *39 

1 *35 


Cl, X 

10 4 . . . 


1 *33 


Maitland 

K x X 

IO*. . . 



1.32 


/ 

Ci # X 

IO 4 . . . 

0.541 

1 .114 

3 - 6 o 

Maitland 

K x X 

10 s . . . 

i -37 

1.33 

1.27 


Ci t X 

IO 4 . . . 


x .013 

2 9C% 

Maitland* 

K x X 

IO 3 . . . 


I *.26 

1 08 



It is evident that Maitland’s results are in good agreement with those 
of Jakowkin, and that in the dilute solutions the amount of polyiodides 
higher than KI S must be extremely small. In the concentrated KI 
solutions, however, the values of K x are smaller and show a steady 
decrease with increasing concentration of I 2 . 3 

The expression K x is related to the equilibrium constant K by the 
equation K — (r/r')K Xi where j and f are the degrees of ionization 
of KI and KI 3 , respectively. Dawson concluded from the constancy 
of K x that x — 7-', but this is not necessarily true. It has been found, 
from conductance measurements, that in a mixture of two salts with a 
common ion the degree of ionization of each salt depends only on the 
total ion concentration and for highly ionized salts changes only very 
slowly with the ion concentration. Since, moreover, the degrees of ^ 
ionization of KI and KI 3 do not differ greatly, it follows that the degree 
of ionization of potassium iodide, will not be changed appreciably 
when a portion of it is converted into tri-iodide by dissolving iodine 
in its solution, and that also, in the different solutions which may be pre- 
pared from a given potassium iodide solution, the degree of ionization 
of KI S will have a definite, constant value, f } 

1 Maitland, Z. Elektrochem ., 12, 264 (1906). 

2 This will be considered later; the corresponding values of K t for solutions saturated 
with I a are given in Table V, 7*' being then assumed equal to 7% 

9 This conclusion, that for such a series of solutions y/f is a constant, was reached 
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Upon the basis of the conclusion that the ionization y of KI is un- 
changed by the addition of iodine, the results of our conductance meas- 
urements may be represented by the following equations, where L and 
L' represent respectively the specific conductances of the potassium 
iodide solution and of the same saturated with I 2 : 

1000 L k 2 1 4" <4j) 

1000 L' — yC‘ 21 (A r 4- Aj) -f- ^i*)* 

Furthermore, since the change of volume on dissolving the iodine is 
negligible in dilute solutions we have: 

^ '21 * ^ XI + 21z * 

For the simple case that y = y' the difference between the two conduc- 
tances then becomes: 


1000 (L — U) - yC' 2u (A x — A u ) ; 
for the general case, however, the difference assumes the form 
1000 (L - L') - (r - f) C’a (A k 4- A,) 4- fC’ (A, - A u ). 

Since y — y f approaches zero with decreasing concentration, the two 
expressoins will become identical at the limit. In other words, if we 

calculate the difference between the conductances, A r — A u =^ ~ - 

1 u rC' su 

assuming as a first approximation that y = y\ then the limiting value 
approached in dilute solutions will be a true measure of A 1 — A lt . We 
have therefore made a series of determinations in which the initial potas- 
sium iodide concentration was varied from o. 1 to 0.001 normal in order 
to obtain the limiting value of the ratio 1000 (L — £/)/( I 8 “). 

Preparation of the Substances and Solutions. 


The potassium iodide solutions, o 1 and 0.01 normal at 25 °, were 
-made by dissolving the requisite amount 1 of the pure salt (Kahlbaum’s 
guaranteed reagent), powdered and dried to constant weight, and dilu- 
ting (at 25 °) to 2 liters. The remaining solutions were prepared from 
these by dilution by means of a calibrated 200 cc. pipette and a series 
of calibrated measuring flasks. The strength of the two stock solutions 
tfas checked to within o. 1 per cent, by liberating the iodine and titrating 


by Osaka (Z. physik. Chem. f 38, 743 (1901)), but he. made the assumption that the 
law of mass action could be applied to the ionization of these two salts. Osaka found 
in his preliminary measurements of the freezing points of 0.5-1 .0 normal solutions 
of potassium iodide before and after adding iodine that after the addition of iodine 
the freezing point is distinctly higher than before, and concluded that KI 8 is some- 
what leas ionized than KI. But since the behavior of these concentrated solutions Is 
in general so different from that of more dilute solutions it is not justifiable to conclude 
that in dilute solutions the degree of ionization of KI S is less than that of KI. 

1 The International Atomic Weights of 19.08 were used. No correction, however, 
was Applied for buoyancy. 
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it by a method to be described in a subsequent paper, thus proving the 
absence of chloride or other impurity. 

The water used was prepared by redistilling ordinary distilled water 
from an alkaline solution of potassium permanganate; it had a specific 
conductance of from 0.4 to 0.8 X io~ 6 reciprocal ohms at 25 °. The 
conductance of the water was in each case subtracted from the conduc- 
tance of the weaker solutions. 

The sodium thiosulphate solution used in titrating “free iodine” in the 
three more concentrated solutions was 0.07348 normal. It was stand- 
ardized by comparison with an iodine solution which had been titrated 
against a weighed quantity of As 2 0 3 according to the directions of 
Washburn. 1 For the titration of the more dilute iodine solutions this 
standard thiosulphate solution was diluted just before use to five times its 
volume. 

The iodine used was obtained by purifying commercial resublimed 
iodine. This was ground with about one-quarter of its weight of potas- 
sium iodide and carefully sublimed; the iodine thus obtained was again 
sublimed without the addition of any potassium iodide. 

The Experimental Method. • 

The conductance measurements were made in glass cells of the pipette 
form, such as have been described in another article from this laboratory. 3 
Two were used, one of low resistance for the very dilute solutions, and 
the other of high resistance for the more concentrated solutions. The 
cell constants were determined by measuring in the cells at 25 0 freshly 
prepared solutions of potassium chloride 0.01 normal at 18°, the specific 
conductance of which was assumed to be 1413 X io _e at 25 °. 8 The 
measurements were made in the usual way by means of an accurately 
calibrated bridge of the Kohlrausch roller pattern. 

The saturated solutions were prepared as follows: Ten to thirty grams 
of freshly powdered iodine were placed in a 250 or 500 cc. glass-stoppered 
bottle* of “Resistenz” glass, which had been well steamed out. After 
washing this iodine with a small quantity of a potassium iodide solution 
the bottle was filled with a potassium iodide solution of the same con- 
centration, the stopper and neck of the bottle were carefully covered 
with a rubber tube, the bottles were rotated in a thermostat at 25 0 for 
different lengths of time, and finally were hung in the thermostat for a 
few minutes to allow the iodine to settle. 

Portions of the saturated solution were forced by air pressure through 
a glass tube into the conductivity vessel, which was a Iso immersed in 

1 Washburn, This Journal, 30, 31 (1908). 

* Abbott and Bray, This Journal, 31, 732 (1909). 

• This value is based upon recent measurements made in this laboratory by A. C. 

Melcher and by F. b. Hunt. > * 
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the thermostat; and the conductance was quickly measured. Fresh 
portions of solutions were then forced into the cell in order that the meas- 
urement might be checked. 

Other portions of the same solution were withdrawn by pipettes of 
known volume, run into solutions of potassium iodide, and the free 
iodine titrated with thiosulphate. In filling a pipette the solution 
was forced by means of air pressure through a filter of glass wool and 
asbestos connected with the pipette by a ground glass joint. This use 
of air pressure in transferring the saturated solutions prevented the 
error from evaporation of iodine which would have arisen if suction had 
been used. To avoid this error the measurements were also made as 
quickly as possible and only one-half, or at most two-thirds, of the solu- 
tion in the bottle was used. 

The Conductance and Solubility Data. 

Ail the experimental data are presented in the following table : 

Table II. 

KI solution K 1 solution saturated with iodine Best values 


Milll- 
rnols 
per liter 

Kquiv 

cond. 

Spec 

cond. 

• y 10* 

Hours 

rotation. 

Spec 

cond 

10^. 

Milli- 
mol s I» 
dissolved. 

Spec 

cond. 

, 1 o'*. 

Total 

iodine 

dissolved. 

100 | 

1 130.8 
t 130.8 

13080 

13080 

25 

120 

1 1500 
11485 

5 « . 1 
51 -6 J 

> 

> II490 

51-35 

50 

134-75 

67375 

25 

5930 

25-77 

5930 

25-77 

20 

139-4 

2788 

25 

2468 

II. 13 

2468 

11 .13 

IO l 

1 142.2 

! 142-4 

1422 

1424 

20 

54 

1259 

1261 

6.185 i 
6.080* J 

I 

> 1260 
i 

6.185 

5 i 

1 144-5 

1 144 - 8 * 

722.5 

724.0* 

20 

54 

641 .O 
642 .O 1 

3-725 l 
3-731 j 

l 

> 641 

\ 

3728 


147.0* 

294. o 1 

4 

260 . 2 

2.292 1 j 



2 i 

146.7 

293-4 

20 

260.8 

2.266 

► 260.8 

2.266 


146.6 

293-2 

54 

26l .2 

J 




149-95 

147-95 

4 

131 -6 

I 772 



l i 

147-9 

148.0 

147-9 

148.0 

20 

48 

131-9 

131.8 

1.788 

1-793 

I3I-7 

1.788 


. 147 -8 

147.8 

54 

133 -2* 

1-787 . 




It will be seen that the duplicate measurements of conductance gave 
concordant results throughout, but the values of “ iodine dissolved ' ’ in 
the saturated solutions are somewhat less satisfactory. The maximum 
variation from the mean is i per cent, in the most dilute solution, 0.5 
per cent, in the most concentrated, and o. 1 per cent, in an intermediate 
solution (0.005 mol. KI). 

The Equivalent Conductance of Potassium Iodide. 

A comparison of the conductance data presented above with those 
obtained by earlier investigators is afforded by Table III. This con- 

1 These data were rejected in deriving the best values because they were not con- 
dstent with the data at other concentrations. 
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tains values interpolated from the results at 25 0 of Ostwald, 1 of -Jones 
and Douglas 3 and Schmidt and Jones, 8 all reduced from Siemann’s units 
to reciprocal ohms by multiplying by 1.066. Values at 25 0 derived 
by combining the data of Kohlrausch and Steinwehr at 18 0 with D^guisne’s 
temperature coefficients 4 and making a slight correction for the expan- 
sion of the solution are also included. The table also contains in the 
last two columns the percentage ionization of potassium iodide at 25 0 
and at 18 0 derived from our data and those of Kohlrausch, respectively. 
These columns serve to show the consistency of the data at the two tem- 
peratures and the very small effect of temperature on the ionization. 


Table III.— Equivalent Conductance and Percentage Ionization of Potassium 

Iodide. 


Concen- 

tration. 

Bray & 
MacKay. 

Ostwald. 

Jones & 
Douglas. 

Schmidt 
& Jones. 

Kohlrausch 
& D4guistie 

lOOf 

(25°). 

for KI. 

( 18 °).' 

0. 1 

130,8 


128.8 

133 9 


86 5 

86.95 

0.05 

134-7 


133-0 

136.7 

134 9 

89.1 

89 - 4 # 

0.02 

139 4 

139 3 

139-3 

140.3 


92 1 

92 JO 

0.01 

142.3 

143- 1 

142 7 

142.4 


941 

94 20 

0.005 

144-5 

146.2 

146.0 

144.8 


^ 5-5 

95 60 

0.002 

146.7 

148.7 

149.I 

146.8 


97.O 

97-ofi 

0.001 

147-9 

1500 

150.3 

148.3 

147-9 

97.8 

97-85 

0.0 

I5I-3 



. . . 


100.0 

IOO OO 


In the last row of the table is given the equivalent conductance at 
zero concentration. To derive this we have employed a method which 
has already been described in several publications from this laboratory/ 
which consists in plotting values of 1/ A against the corresponding values 
of (CA) n ~ l for different values of n. For the sake of comparison the re- 
sults of Kohlrausch and Steinwehr on potassium iodide at 18 0 were 
plotted on the same diagram. It was found that in both cases a straight 
line was obtained between the concentrations 0.001 and 0.02 normal 
for the value n = 1.45; that the line expressing the results at 18 0 met 
the i/A axis at a point corresponding to A 131.1, identical with the 
value of A Q chosen by Kohlrausch and Steinwehr; and that in the case 
of the results at 25 0 the corresponding value of A 0 is 1 5 1 . 3 ± o . 1 . These 
results show that between the concentrations 0.001 and 0.02 the dilu- 
tion law takes the form (rQ l,4i /C( 1 — f) = const. At higher concen- 
trations a lower value of n than 1 . 45 must be chosen. 0 This graphical 

1 Landolt-Bornstein-Meyerhoffer, Tabellen, p. 748. 

* Am . Chem . a6, 445 (1901). 

3 Ibid., 42, 73 (1909). 

4 Landolt-Bdmstein-Meyerhoffer Tabellen, p. 744 and 755. 

3 See for example This Journal, $h 745 and 1010 (1909). 

•The conductance measurements at 18 0 for solutions more dilute 0.001 
normal indicate that n has a higher value than 1.45 in these very dilute solutions, and 
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method has also shown that our individual measurements are consistent 
with one another, and that the lower value (144.5) found for the equiva- 
lent conductance of the o 005 normal solution is more nearly correct 
than the higher value (144.8). 

It will be seen that the two conductance values of Kohlrausch and 
Deguisne agree almost completely with ours, and that the ionization 
values at 18 0 and 25 0 run closely parallel, those at 18 0 being uniformly 
slightly higher and by an amount that increases gradually as the con- 
centration increases. The results of Ostwald and of Jones and Douglas 
agree with ours only at 0.02, being considerably higher at the lower 
concentrations, owing probably to errors introduced by the method of 
dilution employed. Those of Schmidt and Jones at the lower concen- 
trations (0.01 to 0.001 normal) are much lower than those of Jones and 
Douglas and fairly concordant with our values; but at the higher concen- 
trations (o 1 to 0.02) the results of Schmidt and Jones are widely di- 
vergent from all the others. 

The most probable values of the conductances A x and J K of the sepa- 
rate ions were considered to be 76.5 and 74.8, respectively, the sum of 
which is of course equal to A 0 = 15 1.3. These values are based upon 
some unpublished conductance measurements at 25 0 which will be dis- 
cussed in a later publication. 

The Equivalent Conductance of Potassium Tri-iodide. 

Before the data for the solutions saturated with iodine could be inter- 
preted it was necessary to determine whether any correction should be 
made for the conductance of iodine in pure water. The results of ex- 
periments on the hydrolysis of iodine described in the following article 
show that the initial conductance of an iodine solution in water is due 
mainly to the acid formed by the hydrolytic reaction, I 2 4 H .,0 = HIO 4 
H+ 4 1*“, and that this hydrolysis is driven back almost completely in 
the presence of a dilute acid. Since an iodide may be expected to have 
the same effect, no correction has been made for the conductance of iodine 
in pure water. 

It will also be shown in that article that the solubility of iodine as 
I 3 is 0.00132 mols per liter — a value that will be used in the following 
calculations. 

To the measured conductances of the more concentrated solutions a 
small correction must, however, be applied on account of the increase of 
volume when the iodine is dissolved; for in determining the change of 
conductance resulting from the transformation of KI into KJ S , it is neces- 
sary to compare solutions of the same concentration with respect to 
potassium. Mr. R. C. Tolman, of this laboratory, has kindly furnished 

that therefore the values of A 0 chosen at 18 0 and 25 0 are somewhat too high. For 
the sake of uniformity however, we have retained the Kohlrausch value. 
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us with the results of his preliminary measurements on the spedfip gravi- 
ties of solutions obtained by dissolving varying amounts of iodine in a 
0.25 normal KI solution. The volume-increase of 1 liter of the potas- 
sium iodide solution was found to be 0.2376 cc. per gram of iodine dis- 
solved in it. It was calculated that the total concentration of potassium 
salts in the three most concentrated solutions saturated with iodine 
differed from the original round concentrations by 0.31, 0.16 and 0.05 
per cent., respectively, thus giving 0.9969, 0.04992 and 0.01999 mols 
per liter. The specific conductances of pure potassium iodide solutions 
at the same concentrations were therefore calculated to be 0.013040, 
0.006727 and o 002786, respectively, and these values have been used 
in determining the decrease of specific conductance (Table IV, column 6). 

In Table IV the final results and some quantities calculated from them 
are presented. Concentrations are expressed in the table in miliimols 
per liter at 25 °, but all calculations are based upon molal concentra- 
tions. The first column gives the total concentration of the potassium 
salts in the solutions, the values in the three most concentrated solutions * 
having been obtained by correcting the values given in Table II as just 
described. The third column gives the concentration of the * tri-iodide 
(Sl 3 — I 3 " + KI 8 ), obtained by subtracting the solubility of l 3 (1.32) 
from the H total iodine dissolved/’ as given in the last column of Table 
II. The second column gives the concentration of iodide (Si) deter- 
mined by taking the difference between the two concentrations just 
referred to ( 2 K — SI 3 ). The fourth column gives the concentration 
of tri-iodide ion, (I 8 “), calculated under the assumption that the degree 
of ionization of KI a is the same as that of KI in the initial KI solution. 
The fifth column contains the ratio SI 8 /(SI + Sl 8 ) = r. The sixth 
and seventh columns show the decrease in specific and equivalent conduc- 
tance, L — V and A A, respectively, produced by replacing the iodide 
by exactly the same amount of tri-iodide. The eighth column contains 
the values of the ratio, 1000 (L — L')/(I~), which should be constant, 
and equal to A x — A h , if the ionization of KI 3 is the same as that of KI. 
The ninth column shows the values of the ratio, A A/y t which would equal 
the decrease of equivalent conductance if all the KI were replaced by 
KI S , no assumption in regard to degree of ionization of the KI 8 being in- 
volved. The tenth column contains the values of A Kli calculated by 
subtracting A Afx from the values of A K1 given in Table III, and the 
last column gives the corresponding values of the percentage ioniza- 
tion of KI 8 , ioo T ku , calculated on the assumption that A 0 for KI 8 is 
equal to 115.8. 

An inspection of the table shows that all the results are concordant 
except the value r *= (Sl 8 )/(Sl 4- SI 3 ) *4,90 for the second solu- 
tion, which is evidently too low. Since this value is based upon only 
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a single titration of “ total iodine dissolved/’ a more probable value, 
4.97, has been obtained by interpolation, and the corresponding values 
of , etc., calculated. These values are enclosed in brackets in the 
table. 

Table IV. 


» K 

> ** ^ 

* fed 8 

<1 ^ 2 

30.9 99 9 86.3 

32.5 102.3 88.3 

(32.0) (102.8) ( 88.8) 

32.6 106.8 92.2 

33.5 108.8 94.0 

33 8 no. 7 95.6 

34.5 112.2 96.9 

34.6 113.3 97.8 

0.00 o 462 0.0 16.4 35.5 35.5 115.8 100.0 

A comparison of the values of y KU with those of y KI (Table III) shows 
that the degree of ionization of potassium tri-iodide is practically iden- 
tical with that of KI up to a concentration of o . 1 normal. Each of the 
ratios 1000 (L — L')/(If) is therefore a separate determination of (Aj — 
A x% ), the difference between the equivalent conductances of the tri-iodide 
ions. The average value of A T — A u is 35.5, from which it follows that 
A h = 41.0 and A Q for KI S =115.8. 

The limiting value (at zero concentration) of the ratio A Ajr is equal 
to A x — A h , and the limiting values of AJ and of r are therefore not 
independent. In the table is shown to increase slightly with increas- 
ing dilution, and the limiting value is probably as high as 16.4. It fol- 
lows that, in solutions saturated with iodine, the ratio r = (Si,) /(Si + 
Sl 8 ) tends toward the value 16.4/35.5 “ 0.462 as the concentration 
approaches zero. 

From the values of this ratio in the different solutions it is seen that 
the proportion of tri-iodide in a solution saturated with iodine increases 
steadily with increasing concentration, 3 the whole change between 0.0 
1 An interpolated value. 

* A comparison with the values of this ratio (2*1,)/ (21 *f 2*13) determined by 
Noyes and Seidensticker (This Journal, ax, 217 (1899); Z. physik . Chew., 27, 359) 
shows that the agreement is fairly good at o. 1 normal, but tljat their values at smaller 
concentrations are always larger than ours and that the difference increases rapidly 
with increasing dilution. Since, as they point out, their values at the lowest con- 
centrations are apparently affected by large errors, it seems not improbable that their 
values at higher concentrations are similarly affected, though of course to a smaller 


Decrease 


Concentrations a • mcond. 



99.69 49.66 50 03 43 28 o 502 1550 15.5 35.8 

49.92 25.47 24.45 21.79 0.490 797 15 *9 36.6 

49*92 (o.497) 1 • •• (360) 

19.99 10.18 9.81 9 04 0.491 320 16.0 35.4 

10.00 5 . 135 4-865 4.58 0.486 163 16.3 35.6 

5.00 2.592 2.408 ? 30 o 482 81.5 16.3 35 4 

2.00 1.054 o 946 0.918 o 473 32.6 16.3 35 5 

1. 00 0.532 0.468 0.458 0.468 16 2 16.2 35.4 



924 GENERAL, PHYSICAL AND INORGANIC. 

and o. i normal being about 8 per cent. This effect is identical in direc- 
tion with the very marked effect which has been observed in "more con- 
centrated solutions, where the ratio of total iodine dissolved in total 
potassium salt decreases rapidly with increasing salt concentration. 

A Deviation from the Law of Mass Action. 

This result may be expressed in another way: In potassium iodide solu- 
tions saturated with iodine, the ratio (I~)/(I«,~), which according to the 
law of mass action should be constant, decreases from i . 16 to 0.99 when 
the potassium salt increases from 0.0 to o. 1 normal. 

We have used the results of Laurie 1 to calculate at higher concentra- 
tions the apparent values of this ratio which are obtained when the same 
assumptions are made as at lower concentrations, viz., that the solubility 
of I 2 as such is 0.00132 millimolal, that all the dissolved iodine in excess 
of this amount is present as tri-iodide, and that KI 3 is ionized to the 
same extent as KI. In order, however, to allow for the expansion of the 
solutions when iodine was dissolved in them, approximate corrections 
have been introduced by the method described above. The concentra- 
tions in the saturated iodine solution are thus referred to the volume 
of solution containing the same number of mols of potassium salt as were 
present in 1 liter of the original potassium iodide solution. The re- 
sults, together with our own results at lower concentrations, are included 
in the following table. The table also contains the corresponding values 
of the equilibrium “ constant’ * /£= (r~)(I 2 ) /(I ; <~), obtained by multi- 
plying the ratios Cj-/C Ia - by the solubility of I 2 , 0.00132. 

Table V. —Values of (I“)/(I a ~) and (I*")(I 2 )/(L,“) in KI Solutions Saturated with 

Iodine. 


-FK 

1 .000 

0.850 

0.700 

0.500 

o .344 

. . . 


2T 2 combined, mols per liter. 

0.711 

0.578 

0.440 

0.295 

0.189 

. . . 


I, combined (mols) 

0.742 

0.598 

0.452 

0.300 

0. 191 



In the volume (cc.) 

1043 

*035 

1027 

1018 

101 1 

. . • 


cr/ci,- 

0.35 

0.42 

o. 55 (?) 

0.67 

0.80 



k x 10 1 =* 1.32 Ci~/Cir ■ . . . 

0.46 

0.55 

0.72 

0.88 

1 .06 



J’K 

0. 100 

0.020 

0.010 

0 005 

0.002 

0.001 

0.0 

cr/cu- • 

o *99 

1 .04 

1 .06 

1 .08 

1 .11 

*•*4 

1 . 16 

k x 10* ** 1.32 cr/Cif — 

1. 3 1 

*•37 

1 .40 

1.42 

1.47 

1.50 

*•53 


On plotting the values of (I~)/(I 8 ~) against log ( 2 K) it was found 
that a straight line was obtained from 0.001 to 0.1 normal SK, and 
that this line produced to normal concentration gave the value (Jr)/ 

percentage extent. A« a possible source of error in these experiments, the presence 
of an organic impurity in the water may be mentioned; the reaction of this with iodine 
would produce an iodide, and the proportion of tri-iodide found would therefore be too 
great, especially in the dilute solutions. 

1 Laurie, Z . physik . Chem,, 67, 627 (1909). 
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(V) « 0.92 instead of the much lower value found (0.35). Thus the 
decrease of this ratio in concentrated solutions is much more rapid than 
was to have been expected from the results in dilute solutions. 

Additional information with regard to this deviation from the law of 
mass action was obtained by comparing these values of the equilibrium 
function K = (I")/(I 2 )/(I 3 ~) in saturated I 2 solutions with those ob- 
tained at other I 2 concentrations (Table I). On plotting K against the 
concentration of I 2 as determined from partition experiments, it was evi- 
dent that in a dilute potassium iodide solution (SK = N/16) the values 
of K are practically constant and equal to 1.40; that in 0.1 and 0.2 
normal solutions K decreases slightly with increasing I 2 concentration; 
and that this decrease is very pronounced in concentrated potassium 
iodide solutions. From the results for the most concentrated solutions 
(normal EK) the value of. I< at zero I 2 concentration was found by ex- 
trapolation to be 1.34 X io~ 3 , which is almost as large as the values 
found in dilute potassium iodide solutions. Thus the deviations from 
the mass action law are very slight when the concentration of I 2 is small. 

An obvious explanation of this decrease of K in the concentrated potas- 
sium iodide solution, which has frequently been offered, is that a poly- 
iodide higher than KI 3 is formed, and that its concentration increases 
as I 2 is increased. But a difficulty is at once encountered when we con- 
sider the equilibrium in the saturated I 2 solution, e. g., I 5 ~ ~ 1“ 4- 2l a . 
Here the ratio of (Ir) to (I") should be constant, and yet solid iodine 
separates when a concentrated solution is diluted. We are led to the 
result that if a polyiodide is present its concentration cannot be a measure 
of its '‘activity” 1 in the reaction. But if this second assumption is 
necessary even when a higher polyiodide is assumed to be present, then 
it seems worth while to determine if the assumption of a variation of the 
ratio of activity to concentration for tri-iodide or iodide is alone suffi- 
cient to explain the phenomenon — without the assumption of a higher 
polyiodide. 

This concept of “activity” as introduced by Lewis is of great value in 
dealing with a problem involving a deviation from the law of mass action. 
For our purposes it is sufficient to recall that the following law is a thermo- 
dynamic consequence of the definition of activity. If the value of the 
activity (A) of each substance at equilibrium is substituted for its con- 
centration in the mass-action expression, then the Resulting activity 
function is a constant. Thus for the equilibrium, I 8 “ = 1“ -f I a , at con- 
stant temperature, A x ~ X A u fA u - = constant. For our purposes we 
may, for the sake of convenience, place the activity (A) of each sub- 
stance equal to the concentration (C) at infinite dilution. 2 As the con- 

1 Lewis, Proc. Am. Acad., 43, 259 (1907); Z. physik . Chew., 6i, 129 (1907). 

* This is only justifiable when, as in the present instance, we are dealing with a 
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centration increases the activity will, in general, differ from the concen- 
tration, and the ratio of activity to concentration will also be altered 
when other substances are introduced into the solution. The problem 
of deviations from the law of mass action is thus resolved into the problem 
of determining how the ratio of activity to concentration varies for each 
substance under varying conditions. In the following we shall desig- 
nate this ratio by the letter 

P-A/C. 

We shall assume throughout that the concentration of any ion has the 
value derived from conductance measurements. 

In the present example we may therefore conclude that at 25 °, in solu- 
tions saturated with iodine, 

Ay -/ = Cj-/C ir (for 3X1 o) = 1.16. 

It is evident that the activity of I 2 as such is constant in all solutions in 
equilibrium with solid I 2 , and may be considered equal to its solubility 
in pure water, since the concentration is very small, tl&t ,is: 
A lt = C ti = 0.00132. The activity function, 

8=5 X AjJA u - t 

has therefore the value 1.16 X 0.00132 = 0.00153. This quantity, 
K a , in virtue of the definition of activity, is, at any given temperature, 
constant under all circumstances. In the investigations of the equilib- 
rium in solutions unsaturated with iodine (Table I) it is evident that the 
activity of I 2 in the aqueous phase, and not its concentration, was de- 
termined by the partition experiments. 1 The quantity /£, (Table I), 
which is equal to K since 7*' is now assumed equal to p, therefore has the 
form 

K = C r X AJC U ~. 

From the values of K , given in Tables I and V, we may calculate the 
values under different conditions of the expression 
KJK =* Py/p u - =* O.OOI53/K. 

Thus in o . 1 and i . o normal potassium iodide solutions the limiting values 
approached by the ratio pi-lp u - as C u approaches zero are 1.53/1.40 — 
1.09 and 1. 53/1. 34 = 1.14, respectively; while in o.o, 0.1 and 1.0 
normal potassium iodide solutions saturated with iodine the values are 
1 . o, 1 . 1 7 and 3 . 34, respectively. 

Thus if we can determine how one of the activity-concentration ratios, 

single solvent at a constant temperature. In other cases it is best to adhere to the 
original definition of Lewis, according to which A • C at infinite dilution only in the 
gaseous phase. 

1 This is exact only when the activity of iodine is proportional to its concentration in 
the organic solvent used in the partition experiments, which, however, is doubtless 
true, or nearly so, for CCi 4 , CHC1„ and CS,, the solvents used. 
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as A r /C l - ** ft-, varies under different conditions we can at once calcu- 
late the corresponding values of the second ratio. As we shall see later, 
ft“ is nearly constant, whence we conclude that A ir /C lt - decreases 
rapidly: 

(1) in saturated I 2 solutions with increasing KI, and 

(2) in a normal KI solution with increasing I 2 . 

Let us illustrate the significance of a variation in this ratio for a given 

substance. When the substance is at the same concentration in two 

different solvents, M and N , and has a smaller activity in M, then it will 
tend to escape froffi N to M (e. g., through the gaseous phase if it is vola- 
tile). In such a case it is frequently stated that M is a “better solvent 
for the substance/’ Whenever the addition of any substance to a solu- 
tion causes a decrease in the ratio of A /C for the original solute, the same 
idea may be applied by saying that the solution has become a better 
solvent for that solute. 

In the present example we may thus state that a concentrated KI — I 2 
solution is a better solvent for tri-iodide than is a pure potassium iodide 
solution or pure water. This phenomenon is doubtless connected with 
the mutual solubility of KI and L,, 1 an idea which has been expressed 
by Parsons 2 in the phrase “solution in a dissolved solid.” 

The Composition of Concentrated Potassium Iodide Solutions Saturated 

with Iodine. 

Important evidence relating to the presence of polyiodides higher 
than KI 8 in concentrated potassium iodide solutions saturated with 
iodine is furnished by the electromotive force determinations of Laurie. 3 
The problem, however, cannot be completely solved without the knowl- 
edge, for some substance as I*, of the variation of the activity concen- 
tration ratio in the saturated iodine solutions with increasing potassium 
iodide concentration. Accordingly, in the following detailed calcula- 
tions the simple assumption referred to above has been made that 
A}-. Other assumptions are considered later and the complete results 
are summarized in Table VI. 

In Laurie’s measurements a half -cell containing 0.0005 mol I 2 dis- 
solved in a potassium iodide solution was combined with another con- 
taining the same potassium iodide solution saturated with iodine. The 
diffusion potentials were eliminated by inserting between the half-cells 
a 10 times normal solution of ammonium nitrate. 4 ' 

1 The great solubility of KI in liquid iodine has been noted by Levis and Wheeler, 
Z . physik. Chefn ., 56, 179 (1906). 

* Parsons, /. Physic. Chem 11, 669 (1907). 

* Laurie, Z . physik . Chem. t 67, 627 (1909), 

4 Cummings, tests of this method, Trans . Faraday Sac., 2, 213 (1906) depend upon 
tie agreement between the measured e. m. f. (using 10 N NH 4 NO,), and the value 
calculated from the Nernst equation; but he used concentrated solutions, such as N 
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When the electrode reaction is considered to be 

I* + <?) « VA, 

then the electromotive force (aside from the diffusion potential) is: 

E - 0.0591 Pog (A l -) J — V 2 log (A u )J(A lt ) t ] 
where the subscripts d and s refer to the dilute and saturated solutions, 
respectively. 

By means of this equation the quantity which we wish to determine 
(Af) s may be calculated, since E was measured by Laurie and the other 
three activities may be derived as follows : » 

In the experiment with normal potassium iodide solutions, 

E = o. 1252 volts. 1 

By our assumption, 

(A x -) d - (C x -) d = 0.79 X 0.9995 - 0.790, 
where o. 79 is the degree of ionization of the potassium iodide and 0.9995 
its concentration (the remaining K salt, 0.005, being preseijjt as tri- 
iodide). 

Xhe activity of iodine in any phase in equilibrium with solid I, has a 
constant value; as explained above 

(AtX - 0.00132. 

Finally (A xr ) d may be calculated from the equations 

(A 1 r ) d = (Cj.-V1.14 - 0.79 X 0.0005/1. 14 = 3.46 X io'S 

and 

( A lt ) d * K Ji (A ir ) d /(A r ) d - 0.00153 X 346 X io'Vo.790 * 6.70X icr 7 . 

It is to be noted that the assumption is here made that the propor- 
tion of higher polyiodide such as KI 8 is negligible in this dilute I 2 solu- 
tion, but this is evidently justifiable since we shall find that its concen- 
tration is small even in the saturated I 2 solution. 

On substituting these values in the above electromotive force equa- 
tion, it is found that (A r ) s ~ 0.267, which, according to our assump- 
tion, is equal to (C x -) s . 2 According to the view adopted early in the 

HCl — 0.1 N HC 1 , in which it is very doubtful if the Nernst equation will give accurate 
results. Therefore the accuracy of the NH 4 NO a method of eliminating potential differ- 
ences is still unknown; but it is probably sufficiently accurate in the present instance 
for our purpose. 

1 In Laurie's article, page 632, the “NH 4 NO, correction" of 0.0008 volt is a mis- 
print for 0.0080. 

8 Laurie considered the electrode reaction I~ 4 * <+) — JI*, and applied the Nernst 
formula, thus tacitly assuming that Ay ** Cy. It is interesting to note that if he 
had adopted the equally possible electrdde reaction I a - -f (?) ** */*L lie would have 
obtained absolutely different results, since this corresponds to the assumption that 
Ajy — Ci*-. Since Laurie adopted the first view his value for the concentration of I** 
(0.264), is almost identical with ours (0.267). But he assumed that the degree of 
ionization depends dpon the actual concentration of potassium iodide present, and his 
values for Cxi therefore smaller than ours. 1 
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paper the degree of ionization of potassium iodide in this mixture de- 
pends on the total ion concentration and therefore is the same as in the 
pure potassium iodide solution. It follows that the total concentration 
of iodide, Cji ** 0.267/0.79 * 0.338, a value which is obviously inde- 
pendent of the degree of ionization originally assigned to the normal 
potassium iodide solution. 

The total concentration of the potassium salt present in other forms 
than potassium iodide is therefore 1.000 — 0.338 or 0.662, while the 
concentration of combined iodine is o. 742 mol I a . This result evidently 
indicates that a small amount of a polyiodide higher .than KI 3 is present. 
If we consider it to be only KI 8 , then we have 

C IU = 0.080 and C 2li = 0.582. 

We thus reach a conclusion similar to that of Laurie, that a large part 
of the dissolved iodine in the normal potassium iodide solution saturated 
with iodine is present as tri-iodide. A similar treatment of the remain- 
ing measurements shows that the amount of higher polyiodide decreases 
as the potassium iodide concentration is decreased, and becomes negli- 
gible in the neighborhood of the o. 1 normal solution. 

The activity of the tri-iodide ion in the normal potassium iodide solu- 
tion saturated with I 2 is given by the equation, 

* ( A b-h “ ( A l-)s/ 1 - 16 = 0 - 230 . 

If the KI, is ionized to the same extent as KI, then the ratio of A 1 C = 
for tri-iodide ion is: 0.230/0.79 X 0.582 = 0.50, which, of course, is 
considerably larger than the value (1/3.34), which we have previously 
calculated on the assumption that no higher polyiodide was present. 
Our previous calculations, however, will hold for concentrations of 2 K 
below o. 1 normal. 

For the sake of comparison with these results a second series has been 
calculated from the electromotive force measurements in a similar way 
on the much less probable assumption that C^- = A u -. The two sets 
of results are presented in columns III and I in the following table. This 
table also contains, in the second column, the corresponding results 
when, according to the extrapolation from dilute solutions made early 
in the paper the ratio Cj“/C,“ is assumed to be 0.92, and in the last 
column those obtained from the sole assumption that no polyiodide 
higher than KI, is present. 

An inspection of this table shows that this complicated problem has 
been reduced to the determination of the variation, with increasing 
potassium iodide concentration, of the ratio of activity to concentra- 
tion for a single substance, as iodide ion, in a saturated iodine solution. 
It is evident that, no matter what assumption is made, one or more of 
the substances involved will show marked deviations from the law of the 
ideal solution that activity and concentration are equal. 
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Table VI.— Activities and Concentrations or the Constituents of the Normal 


KI Solution Saturated with I 3 . 

(l) Assuming (II) 'Assuming (III) Assuming (IV) Assuming 
6i a ---= Aj t ~. Ci-/C l3 -^o.92 Cj 

A I- 0-305 0.267 

O.262 ... O.230 

Cn 0.463 0.408 0.338 0.258 

Cj ri 3 0-332 o 443 0.582 0.742 

C VJ 8 0.205 0.149 0.080 0.000 

-i/^L - Ct-/Cjt- . 1.39 0.92 0.58 0.35 t 

A1-/C1- 0.83 0.89 1. 00 1.20 

^i 8 -/Qr 100 o 71 0,50 0.36 


In the case of an aqueous solution of a single salt several examples 
are known in which the activity of a univalent ion increases somewhat 
less rapidly than its concentration (derived from conductance measure- 
ments), and there are at present no exceptions to this rule. This has 
recently been emphasized by Lewis and von Ende 1 in connection with 
their work upon the electromotive force of thallous-ion concentfatipn 
cells. Another illustration is evidently furnished by Jahn’s investiga- 
tions of chloride-ion concentration cells 2 from which he concluded that 
the degrees of ionization ordinarily calculated from conductance measure- 
ments are too high. Some additional examples will t be considered in 
later articles. 

From the analogy with Jahn’s experiments it is extremely probable 
that investigations of iodide-ion concentration cells free from iodine, 
using for example thallium- thallous-iodide electrodes, will yield similar 
results, and that therefore the activity of iodide-ion in pure potassium 
iodide solutions increases somewhat less rapidly than its concentration. 
If this applies in the present case in which the solutions are saturated 
with iodine, then the composition of the normal solution considered above 
will probably lie between the values given in the second and third col- 
umns of the table, and the solution will contain a greater proportion 
of higher polyiodide than calculated by Laurie. It is also interesting 
to note that the activity of tri-iodide ion increases much less rapidly 
than its concentration, and that this is even more striking when is 
equal to or increases more rapidly than C r . if 

But it is by no means certain that the relationship b$$ween A r and 
Cj- in potassium iodide solutions free from iodine will be" the same as that 
in solutions saturated with iodine, and the two cases must be considered 
as two separate experimental problems. 

The relation between A r and C r in dilute potassium iodide solutions 
saturated with iodine may be determined by combining the results of 
electromotive force measurements of concentration cells, using iodine 

1 This Journal, 32, 732 (1910). 

* Jahn, Z. physik . Chem., 33, 545 (1900). 
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electrodes, with the values of C r determined in the present investiga- 
tion. Unfortunately, the existing measurements of Crotogino, 1 in which 
each iodine electrode was measured against a calomel electrode, are 
probably not very accurate, and the corrections for the diffusion poten- 
tial cannot be readily calculated. The results 1 show that A r increases 
more rapidly than C rt which is an indication that the composition of 
the normal potassium iodide solution saturated with iodine is interme- 
diate between the values given in the last two columns of Table VI, 
and that the amount of higher polyiodide present is very small. This 
conclusion, however, can scarcely be accepted as correct without further 
experimental investigation. 

While this evidence is somewhat conflicting, it would seem that the 
results given in column III of Table VI cannot be very far wrong. Thus, 
roughly speaking, the ratio of activity to concentration for iodide ion is 
independent of the concentration. The same ratio for tri-iodide ion 
diminishes rapidly with increasing concentration, and in all probability 
the higher polyiodide ions will be found to show even greater abnor- 
malities in the same direction. 

Summary. 

In this investigation, conductance measurements at 25 0 have been 
made with potassium iodide solutions between 0.1 and 0.001 normal, 
and of the same solutions when saturated with solid iodine. The solu- 
bility of iodine in each solution has also been determined. 

These results have led to the conclusions that the degree of ionization 
of KI3 in dilute solutions is practically identical with that of KI up to a 

1 Of. Sammet, 2 . physik. Chetn., 53, 674-5 (1905)* Crotogino's results, recalculated, 
are presented in the following table, the potential of the N/16 KI electrode being taken 
as zero. The last column contains the values of E calculated by means of the formula 

E - 0.0591 log CV/CV, 

i. e. t on the assumption that Aj- — Ci~. The values of Ci~ are calculated from the 
data given in Table IV. 

Electromotive Force Measurements of Crotogino. 


2K. 

Cr% 

E measured. 

It calc 

AT/ms4 

N/%6 

0.000509 

— O.122 

-0.102 


— 0.081 

— O.068 

NM 

0.00744 

— 0.040 

— O.034 

N/16 


0.000 

0.000 

N/ 4 


0.0038 

O 032 


The large differences between E measured and E calculated are partly due to 
diffusion potentials, since the mobility of K 4 * is greater than that of I a ~. We have 
calculated approximately that 4 millivolts is the value of the diffusion potential be- 
tween two solutions where there is a fourfold change in the concentration of 2K; but, 
since the measurements were made against a calomel electrode, this value must be too 
high. It is therefore evident that E measured is always greater than E calculated, 
and that Ajr increases somewhat more rapidly than Cr% 
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concentration of o. i normal; and that the conductances at 25 0 of iodide 
ion and tri-iodide ion are 76.5 and 41.0, respectively, that of potassium- 
ion being assumed equal to 74.8. 

Burgess and Chapman, by means of transference experiments, have 
made an independent determination of A h and found a value only slightly 
greater than ours, namely 42.5. We have therefore adopted an inter- 
mediate value, 41 .5, as the most probable value of A lt . 

It has also been found that in potassium iodide solutions saturated 
with iodine the ratio C\-/C ir , which according to the law of mass action 
should be a constant, decreases from 1 . 16 to 0.99 between 0.0 and o. 1 
normal; thus showing that an effect due to the presence of potassium 
iodide, which has been known to exist in more concentrated solutions, 
is not negligible even in these very dilute solutions. 

Finally we have attempted to determine the composition of concen- 
trated solutions of potassium iodide saturated with iodine, and have 
illustrated the usefulness of the concept of “activity,” as deflhed by 
Lewis, in dealing with deviations from the law of mass action. An ex- 
amination of the existing solubility and electromotive force data has 
shown that the problem may be solved if the relation between -the ac- 
tivity and concentration of iodide ion in solutions saturated with iodine 
is known. By concentration of an ion is understood the value ordinarily 
calculated from conductance measurements. Although the somewhat 
conflicting nature of the evidence prevents an exact solution of the prob- 
lem, the conclusion is reached that the ratio of activity to concentra- 
tion for iodide ion is nearly independent of the concentration, that the 
same ratio for tri-iodide ion decreases rapidly in the concentrated solu- 
tions, and that probably higher polyiodide ion show this abnormality 
in an even higher degree. In a normal potassium iodide solution satura- 
ted with iodine, the concentration of KI 5 is calculated to be about 0.08 
molal, if this is the only higher polyiodide present. 

Boston, May, 1910. 


[Contributions prom the Research Laboratory op Physical Chemistry op the 
Massachusetts Institute op Technology, No. 53.] 

THE HYDROLYSIS OF IODINE AND OF BROMINE. 

By w. C. Bray. 

Received June 13, 1910. 

I. The Hydrolysis of Iodise. 

During the investigation described in the preceding paper, we were 
confronted with the problem of how to account for the conductance of 
aqueous iodine solutions. From calculations based on SamraetV de- 


1 Z. physik. Chem., 53, 687 (1905). 
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terminations of the equilibrium constants, we were led to conclude that 
both of the following reactions must be considered: 

(1) I 2 + H 2 0 - H+ + 1 “ 4 - HIO, and 

(2) 3 I 2 + 3 H 2 0 - 6H + + si- + I 0 3 -; 

and we could predict that the conductance would rise very rapidly at first 
(reaction (1)), and continue to rise slowly (reaction (2)) to a much higher 
value than we had found in our preliminary experiments. This pre- 
diction has been completely verified by the results of the conductance 
and solubility measurements described below. 

The experimental methods employed were the same as in the experi- 
ments described in the preceding article. All measurements were made 
at 25 °. In the final conductance experiments three different portions 
of powdered iodine were used ; these were rotated with frequently renewed 
portions of water, over a period of about three weeks to ensure the re- 
moval of all soluble impurities. The conductance then showed a con- 
stant value when measured after two hours’ rotation. The measure- 
ments were made in a low resistance cell with smooth electrodes. The 
conductance of the water used varied between 0.4 and 0.9 X io~ e ; it 
was determined in each case and subtracted from the measured conduc- 
tance. Some experiments with water alone showed that under the 
regular experimental conditions its conductance changed very little; 
in 16 hours from 0.89 to 0.94 X io“°; in 41 hours 0.58 X io“®, un- 
changed; in 54 days from o. 44 to 1 . 5 X io" e . 

The conductance measurements for aqueous solutions are given in 
Table I: 

Tabee I. — Specific Conductance X 10* op Iodine in Aqueous Solutions. 


Hoars rotation. ’/«. 2. 4. 8. 15. 16. 18, ai. 40. (54X24.) 

* Portion 1 3.8 4.9 4.7 ... 19. 1 

Portion II 4.0 4.3 4.7 4.9 4.8 63. 9(?) 

Portion III 3.8 3.9 4.0 4.0 4.5 4.6 5.4 


These results show that the specific conductance of aqueous iodine 
solutions rises rapidly to 4.0 X io~°, and continues to rise very slowly 
for a long period of time. The results obtained with Portion II are uni- 
formly high, which is due to the fact that the stopper of the bottle did not 
fit properly; the introduction of an organic impurity and the resulting 
formation of an iodide would explain the very high result (63.9). 

In order to determine the effect of the presence of hydrogen ion the 
preceding experiments were repeated with approximately 0.001 N HC 1 
and HNO s , In each case the iodine was first washed with the acid and 
then rotated over iiight with it before making measurements, in order 
to eliminate changes due to adsorption. The first two experiments 
in Table II were performed with the iodine of Portion I in a cell with 
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platinized electrodes which had been heated; 1 the r emaining two were 
preliminary experiments made at an earlier date by Mr. Mackay in a 
cell with platinized platinum electrodes. The conductance of the acid 
was measured at the time the acid was added to the iodine.* 

Table II.— Specific Conductance X io* of Iodine in o.ooi N Acid Solutions. 


Acid used. HC 1 . HCI. HC 1 . HNO,. 

Hour* rotation 3 . j 5 . 42 . 42 • 

Acid 4 - iodine . 420.0 420.2 419 4 417.4 

Add alone 418.8 419.3. .418.1 416.3 

Difference 1.2 0.9 1.3 1.1 


These values for the conductance of iodine are the differences between 
two large numbers and are therefore much less accurate than the deter- 
minations in aqueous solutions. But these results, obtained under 
widely different circumstances, make it almost certain that the specific 
conductance of iodine in acid solution is about 1 X io - * which is much 
smaller than the value obtained in pure water. 

These experiments were also repeated with 0.001 N NaCl ablution, 
using the iodine of Portion III, Table I, in order to determine if the’ de- 
creased conductance of iodine in the acid solution was due merely to 
the presence of an ionized substance: ' 

Table III.— Specific Conductance X io* of Iodine in o.ooi N NaCl Solution. 


Hours rotation. '/». 7. ,4. (55X24.) 

NaCl + iodine 130.2 130.4 130.4 131.0 137.3 

NaCl alone 127. 1 127. 1 127. 1 127.0 127.0 

Difference 3.1 3.3 3.3 4 . 0 ,0.3 


The conductance of iodine in dilute sodium chloride is thus seen to 
increase in a manner very similar to that observed in water solutions, 
though the values obtained are somewhat smaller. The specific con- 
ductance (X io*) rises rapidly to 3.3 (in water 4.0) and remains nearly 
constant for several hours; in 14 hours it reaches the value 4.0 (in water 
4.6); and in 54 days increases to 10.3 (in water 19. 1). 

The probable explanation of these results is that the ini tial value of 
the conductance of aqueous iodine solutions is mainl y due to the rapidly 
occurring hydrolysis: 

I 3 + H ,0 - H+ + I- + HIO, 

and that this hydrolysis is driven back almost completely in « y4d 
solutions.* 

1 Whetham and Griffiths, Phil. Trans., X94A, 330 (1900). 

' In two blank experiments in which the hydrochloric acid alone was rotated in 
the thermostat for two days the conductance remained unchanged. 

' It is possible that the conductance of iodine in add solution, 1 x io - * is due 
to the presence iff the ions 1“ + I + (cf. W. A. Noyes, This Journal, *3, 463(1901); 
Stieglitz, Ibid., 23, 797 (1901); Walden, Z. physik. Chem., 43, 415 (1903)}. If this 
is true, then in KI solutions the concentration of I + would be reduced to a very 
email value. 
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As a check on this result, the relative solubilities of iodine in water 
and dilute hydrochloric acid have been determined, and also the change 
of them with the time. The saturated solution was forced into a 100 cc. 
pipette through an asbestos filter connected with it by a ground-glass 
joint; the ioo cc. were run into a potassium iodide solution containing 
sulphuric acid, and the titration was made with freshly prepared (ap- 
proximately) N/200 thiosulphate. The thiosulphate solutions were not 
accurately standardized, since the measurements desired were only 
comparative. The value adopted for the total solubility of iodine at 25 0 
was that of Hartley and Campbell, 1 0.001337 mol I 2 per 1000 grams 
water, or 0.001333 mol per liter; the solubility, after two hours’ rota- 
tion, being assumed to have this value. After each experiment extend- 
ing over a long period of time, the iodine was washed with water and 
its solubility again determined by rotating it two hours with fresh water. 
The iodine used in the experiments with 0.001 N HC 1 was Portion III; 
in the aqueous solutions Portions I and II. In these experiments only 
the first 100 cc. portion from each 250 cc. bottle was used, since the sec- 
ond portion, when taken, gave somewhat lower results. 

Table IV.— Relative Solubility ok Iodine in Water and in Hydrochloric Acid 


Solutions. 

Water. 0.001 N HC 1 . 

Solvent. . * * . * , 0.001 N Nad. 

Time. Iodine. Iodate. Iodine. Iodate. Iodate. 

1 . 5 hours 2 . 664 

2 hours 2.666* 0.002 2.639 

or less 

2 hours 2.639 

3 hours 2. 666 

16 hours 2.668 .. 2.653 

41 hours 2.666 0.010 2.665 0.010 ... 

or less or less 

48 hours 2.665 

27 days 2.80 .. 2.72 0.017 

or less 

27 days 2.83 0.017 

54 days 0.027 ... .. 0.025 


The iodate concentration was also determined approximately by add- 
ing 100 cc. of the saturated solution to a potassium iodide solution con- 
taining sodium hydrogen carbonate trad an excess of carbonic add, de- 
colorizing with, thiosulphate, adding excess of sulphuric add, and titra- 
ting after 3-5 minutes the iodine now liberated by the action of HIO a 

4 /, Chem. Soc . Trans., 93, 741 (1908). These authors made an extended series 
of measurements at different temperatures and used carefully purified iodine and 
conductivity water. Other determinations (in mols per liter) are, Jakowkin, 0.001337; 
Noyes and Seidensticker, 0.001342 ; # Sammet, 0,001341. 

1 Value derived from several concordant experiments. 
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on HI . 1 By determining roughly the rate at which iodine is subsequently 
liberated by the action of oxygen on hydriodic acid, the very small error 
due to this reaction was eliminated. The iodate was also determined 
in a single experiment in which the solvent was o.ooi N NaCl (in which 
iodine, Portion III, was used). The results are given in Table IV, in 
milliequivalents (of 1 / 2 l 2 and VeMOs) per liter. 

The solubility of iodine in the acid solution is (after two hours) just 
* one per cent, less than in water, which is at any rate qualitatively in agree- 
ment with the conductance results. The solubility increased slightly 
in two days in the acid, but remained practically constant in the aqueous 
solution; and later increased steadily in both cases. 3 

If we assume that the initial solubility in the acid solution is a measure 
of the true solubility of iodine as I 2 , then this value is i . 320 millimols 
per liter. From the 41-hour experiment, after correcting for the iodate 
and the tri-iodide due to the iodide formed in the reaction, the value 
1.320 is again obtained. The most probable source of error is th% pres- 
ence of iodide (and consequently tri-iodide), and the results are there- 
fore more likely to be too high than too low. 

Another method of calculating the true solubility is to correct the 
value found in pure water by means of the conductance data, Table I. 
Assuming that the conductances, 4.0, 4.6, and 5.4, after 2 16, and 41 
hours, respectively, are due solely to the acid (mainly HI) formed by 
the reactions (1) and (2), then the ion concentrations obtained by di- 
viding them by A H + A x = 425 are approximately 0.0094, 0.0108 and 
0.0127 millimol per liter. The corresponding iodine concentrations 
(in equivalents), which are to be subtracted from the solubilities are ap- 
proximately three times these values; since for each equivalent of H + 
there are two oxidation equivalents of HIO (or IO s “) and roughly one 
oxidation equivalent (=* 0.5 mol) of I s - (since about one-half of the 
iodide ion originally formed is converted into tri-iodide ion). The true 
solubilities after 2, 16 and 41 hours are therefore 1.320, 1.318 and 1 .314 
millimols I 2 respectively. These results may be too low if the conduct- 
ance is not wholly due to the acid formed in the reactions (1) and (2). 

The agreement between these two independent methods confirms 
the correctness of both, and the value 1.32 millimols I 3 per liter was 
therefore chosen as the true solubility at 25 0 of iodine as such. 

1 Bray, Z. physik. Chem ., 54, 470 (1905). The amount of dilute thiosulphate re- 
quired in the first stage of the titration was always considerably less than the theoretical 
amount, but increased when the concentration of potassium iodide present increased. 
This phenomenon is probably due to direct oxidation of the thiosulphate to sulphate 
(cf. Ibid., 472). 

* The unexpectedly high values for the 27-day experiments may be due to an ex- 
perimental error, since all depend on a singly (comparative) determination of the 
solubility^ of iodine after two hours; but are more probably due to the entrance of some 
organic matter through the stoppers. , 
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It is now possible to calculate the equilibrium constant of the hydroly* 
sis: I 2 4 * H 2 0 « H + 4 I" 4- HIO, from the above given value of the 
H + concentration. Since it seems probable that the initial conductance 
4.0 X io~ c of an aqueous solution is a measure of the hydriodic acid 
formed in this reaction, (H + ) « (I“) = (HIO) = 0.94 X io~ 5 mols 
per liter, and the equilibrium constant 

(H+)(I-)(HIO)/(I 2 ) - 0.6 X 10- 12 . 

This value is much smaller than the limiting values, io~ 8 to io~ 10 esti 
mated by Saminet; but he considered his results to be of very little value 
and gave no details of his measurements. 

It is interesting to calculate the maximum conductance which should 
be finally attained by the saturated aqueous solution as a result of re- 
action (2) from Samrnet’s (accurate) value of its equilibrium constant: 
(H + ) e (I~) 5 (I 0 3 ~)/(I 2 ) 8 -* 2 8 X 10" 47 . The concentrations of the other 
substances are calculated from the known concentration of the iodine 
to be: ( 1 I + ) = 3.16 X io~ 5 , (I - ) = 2.63 X io"* 5 , and (I 0 8 ~) — 0.53 X 
ur 5 , and the corresponding specific conductance is calculated to be 
13 X io~°. This value is somewhat larger than that obtained in the 
sodium chloride solution, 10.3 X icr 8 , and somewhat smaller than the 
value in aqueous solution, 19. 1 X io~ 8 . 

II. The Hydrolysis of Bromine, 

It is well known from the comprehensive investigation of Jakowkin 1 
that dilute solutions of chlorine are hydrolyzed to a very considerable 
extent. The hydrolysis constant at 25 0 is 

(II + ) (Cl~) (HC 10 )/(C 1 2 ) - 448 X i<r\ 

Since bromine occupies an intermediate position between chlorine and 
iodine in so many instances, it is almost certain that bromine solutions 
will also exhibit hydrolysis. This hydrolysis is mentioned in a recent 
article by Jakowkin, 2 but no experimental data are given. In the fol- 
lowing some preliminary measurements are described: 

A large portion of liquid bromine was placed in a 250 cc. bottle and 
shaken successively with eight portions of fresh water. Conductance 
measurements were made, and the correction for the specific conduc tan ce 
of water applied, as in the preceding experiments. Portions of each 
solution were also removed in a small pipette designed to prevent an 
error due to evaporation; and were added to a concentrated solution of 
potassium iodide containing sulphuric acid; the liberated iodine was 
titrated with thiosulphate. The results are presented in the following 
table. In experiments 3(6) and 7 (b) the water was not renewed. In* 

1 Jakowkin, Z. physik. Chem 29, 613 (1899). 

* Jakowkin, Ibid,, 70, 188 (1910). 
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the final experiment, the solution was probably not saturated, since the 
amount of bromine left was very small. 

Table V. — Concentration and Conductance of Saturated Bromine Solutions 



No. 


Time (hours) 

Equiv. cone. 

Spec. cond. X xo*. 


2 


70 

0.506 

7440 


3 ® 



0.465 

4160 


b 


20 

0.466 

4160 


4 



O.440 

2210 


5 



O.424 

907 


6 



O.424 

734 


7 a 



0.4H 

726 

1 

b 


6 

0.425 

805 

* 

8 


2 

O.411 

728 


The concentration decreases slightly, and the conductance greatly in 
the first five experiments, probably owing to the gradual removal of 
some impurity, such as hydrobromic acid or potassium bromide. The 
bromine appears, from the approximate constancy of the two series of 
results, to have been nearly pure in the last four experiments; and the 
following values are probably not greatly in error: solubility, 0,21 mol 
Br 2 per liter; 1 specific conductance, 727 X icr 8 reciprocal ohms." 

If we assume that the conductance is solely due to the hydrobromic 
acid formed by the hydrolysis, Br 2 -f H 2 0 = H + -f Br~ 4 * HBrO, then 
the concentration calculated for (H + ) =» (Br~) * (HBrO) is 0.0017. 
This corresponds to 0.8 per cent, hydrolysis, and the calculated equi- 
librium constant is: 

(H + ) (Br~) (HBrO) / (Br a ) * 2.4 X icr». 

This value differs very little from the geometric mean, 1.7 X io-\ of 
the hydrolysis constants of chlorine and iodine. 

Summary. 

From conductance and solubility measurements of iodine and of bro- 
mine in water, the hydrolysis constants (H + )(T*)(HIO)/(I 2 ) and 
(H+)(Br~)(HBrO)/(Br 2 ) are found to be 0.6 X icr 12 and 2.4 X io“ a , re- 
spectively. 

Boston, March, >910. 


THE THERMAL DISSOCIATION OF CALCIUM CARBONATE. 

By John Johnston. 

Received June x6, 2910. 

Measurements of the dissociation pressures of calcium carbonate have 
been made through a range of temperatures by Debray,* LcChatclier,* 

1 This value agrees well with that determined by Winkler (Seidell, solubilities, 
page 67) 3.36 g. per ioo g. soln., or approximately 0.206 mol per liter. 

* Gam ft. tend., 64, 603 (1867). 

.. yhL , tP*f (1886). 
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Brill, 1 Pott* and Zavriev. 8 Quite recently, E. H. Riesenfeld 4 has dis- 
cussed the data of each of these authors. He concludes that, owing to 
errors in the measurement of pressure or of temperature, or of both, the 
data of the first three authors are altogether untrustworthy, and sets up 
an involved empirical formula to express the mean results of Zavriev 
and Pott. Pott made four series of measurements over the temperature 
range 600-900° ; these, however, are by no means so concordant as might be 
wished, e. g., for 892° he found pressures which varied from 593 mm. to 
776 mm. Still, a curve drawn through the midst of his points coincides 
approximately with that which represents the results of Zavriev, which 
are relatively few in number but more concordant among themselves. 

From the results of either author it follows that the dissociation point 
(t. e. } the temperature at which the pressure of carbon dioxide is one 
atmosphere) is close to 910°. This value was confirmed by special ex- 
periments made by Riesenfeld, who determined anew the temperature 
at which a loss of weight occurred when the carbonate was heated in an 
atmosphere of pure carbon dioxide. He showed, moreover, that the 
possibility of formation of solid solutions of calcium oxide in the car- 
bonate and vice versa is practically excluded, while it was shown by 
Zavriev that no basic carbonate exists. 

It has therefore now been definitely proved that the dissociation of 
calcium carbonate*’ proceeds according to the scheme CaCO* CaO + 
C 0 2 , and to that scheme solely. The discrepancies in the results are thus 
to be attributed entirely either to errors in the measurement of the tem- 
perature of the substance, or to errors in the pressure, due either to the 
fact that equilibrium conditions had not been attained or to the presence 
of water vapor or of some other impurity capable of developing a pres- 
sure. 5 

The apparatus used by both Pott and Zavriev consisted essentially of a 
long porcelain tube closed at one end, connected to a manometer at the 
other. In this tube were placed quantities of substance weighing from 
2-5 grams, and the thermoelement was embedded in the chargem such a 
way that the junction, was in the hottest part of the furnace. Now 
Zavriev observed directly differences of more than 50° in the temperature 
at various points of somewhat larger charges contained in a boat 5 cm. in 
length; so it is not unreasonable to suppose that the temperature varia- 
tions throughout the charge were still considerable in the actual measure- 
ments. This difficulty has been encountered in all accurate high tem- 

1 Z. anorg. Chem. } 45, 275 (1905). 

* Dissertation, Freiburg in B., 1905. 

*Compt . rend., i4$ t 428 (1907); /* chim. phys., 7, 31 (1909). 

4 J. chim. phys 7, 561 (1909). 

®Cf. J. Johnston, Z. physih . Chem., 62, 336 (1908); H. Scbottky* Idem., 641 432 
(1908). 
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perature work, but its importance, and the magnitude of the error in- 
troduced thereby, have not yet been generally appreciated. 1 For 
accurate work it is of the highest importance that the temperature of the 
charge be as uniform as possible; for otherwise, since the carbon dioxide 
is in equilibrium with that calcium oxide which is at the lowest tem- 
perature, one cannot determihe with any certainty the appropriate tem- 
perature corresponding to the pressure observed. In the author's ex- 
periments, 3 this difficulty was obviated by using charges of only about 
o.i gram, the total vapor space being not more than 5 cc.; this possesses 
the additional advantage that a transfer of a very small amount of carbon 
dioxide from the solid to the vapor phase suffices to bring the system 
into equilibrium, and consequently equilibrium conditions are established 
comparatively rapidly. 

The apparatus used was a slight modification of an apparatus pre- 
viously described by the author. 8 The substance was contained in a 
platinum tube 6 cm. in length, 6 mm. in external and 5 mm. in infernal 
diameter, which was sealed directly on to a glass tube and thereby, 
through an adjustable mercury trap, connected to a mercury manometer, 
on which the pressures were read directly with the aid of & fine mirror 
scale divided in millimeters. After complete evacuation of the ap- 
paratus, the platinum tube was heated gently for some time in order to 
expel any water or other volatile impurity; by manipulation of the stop- 
cocks the mercury was raised in the trap, thereby delimiting the vapor 
space. The platinum tube was enclosed almost entirely in a small vertical 
resistance furnace, and was well packed with asbestos at the mouth of the 
furnace. The temperature was in general increased step by step; in a 
few cases it was dropped some degrees with a corresponding drop in the 
pressure. In all cases the reading was taken only when at constant tem- 
perature the pressure had attained a constant value; at low pressures, 
this required an interval of some hours, but at the higher pressures half 
an hour usually sufficed. 

The temperature of the charge was measured by means of a thermo- 
element the junction of which was welded on to the outside closed end 
of the platinum tube; elsewhere the thermoelement wires were insulated 
by small Marquardt tubes. The element used had previously been 
carefully calibrated at the melting points of zinc, silver and copper (418°, 

1 Cf. Day and Sosman, Am. J. Sd. t 29, 99, 102 (1910); W. P. White, /dm., 28, 
335 (1909). 

* To avoid possible misunderstanding, it may 'be stated that the measurements 
were completed in April, 1909; that at that time I had seen only the preliminary paper 
of Zavriev ( Compt . rend. t 14s, 428 (1907)), and was entirely unacquainted with the 
work of Pott; further, that Table 1 is a complete record of the measurements which I 
have made. 

* Z. physik. 6a, 333. 335 (1908). 
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960°, and 1083° respectively), the electromotive forces being measured 
by the usual arrangement of potentiometer and galvanometer. After 
being welded on the element was compared several times with a pre- 
viously calibrated standard element the junction of which was immersed 
in calcium carbonate inside the platinum tube, the other conditions being 
precisely those of the actual pressure measurement. By this means it 
was shown that the maximum variation in the temperature of the charge 
did not exceed 2 0 and that the difference between the temperature re- 
gistered by the element welded outside and that of the standard element 
inside the tube was 2.5 0 at 400° and 5 0 at 900 0 , 1 the variation being 
practically linear. All the temperatures given have been corrected for 
this difference, and it is considered that they are certainly correct to 
within ±2°. Four series of observations were made; in two series, pure 
precipitated calcium carbonate alone was used, some carbon dioxide 
being driven off by the initial heating after evacuation ; in the other two 
series, the substance taken was a mixture of the pure carbonate with pure 
freshly ignited oxide. All the observations are brought together and 
arranged in Table 1 ; p is the pressure in millimeters of mercury, t and T 
the centigrade and the absolute temperatures respectively. These 


Table i. — Actual Experimental Results. 


t 

T. 

p . in ram. 

t . 

T. 

p in mm 

587 

860 

I .O 

749 

1022 

72 

605 

878 

2-3 

777 

1050 

105 

631 

904 

4.0 

786 

1059 

134 




788 

1061 

138 

671 

944 

*3-5 

795 

1068 

150 

673 

946 

^4-5 

800 

1073 

183 

680 

953 

15.8 

819 

IO92 

235 

682 

955 

16.7 

830 

1103 

255 

691 

964 

19 .0 

840 

1 1 1 2 

311 

701 

974 

23.0 

842 

1 1 15 

335 

703 

976 

25.5 

852 

1125 

381 

7 rx 

984 

32.7 

857 

1130 

420 




871 

1144 

537 

727 

1000 

44 

876 

1149 

557 

736 

1009 

54 

881 

1154 

603 

743 

1016 

60 

883 

1156 

629 

748 

102 X 

70 

891 

II64 

684 




894 

II67 

716 


points are all plotted on Fig. i, from which it is evident that they all lie 
dose to the graph of equation Via. The derivation of this equation will 
now be given. 

1 It was found that the absolute magniti^e of these temperature differences 
varied within 1 0 or 2 0 with the depth of immersion of the platinum tube in the furnace 
and with the efficiency of the packing at the mouth of the furnace; this variation of 
the differences could, however, be rendered inappreciable by reproducing always the 
same conditions. n 9 
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In a previous paper 1 it was shown that for a number of heterogeneous 
equilibria similar to that under consideration, the dissociation pressure 
is connected with the heat of reaction* AH by the equation 


logP 


AH 

4^576T 


I' 


4-576 


(I) 


I' being the so-called thermodynamically indeterminate constant; and 
that this relation holds within the limits of accuracy of our present knowl- 
edge of AH and of the other thermochemical quantities involved. The 



Fig, i. —Experimental results on the dissociation pressure of CaCO,, The full line is 
the graph of equation VTo; the broken line that of Riesenfeld’s equation. 

above simple relation is derived by neglecting all the higher terms; this is 
equivalent to the assumption that AH is independent of the temperature. 

In the present case, our knowledge of the thermal quantities, though 
by no means satisfactory, is such that it is advisable to insert terms 
1 This Journal, 30, 1357 (1908); Z. physik. Chem., 65, 737 (1909). 

* AH is the amount of heat absorbed, as ordinarily measured calorimetricall y, 
when the reaction RCO, - RO + CO, takes place. In the former paper, the pressure 
was expressed throughout in atmospheres; in the present paper, p is expressed always 
in millimeters mercury; this is more convenient, and causes only a numeri c al differ* 
esce in the value oi I. It may be noted that 4.376 log P «• R in F where Jn is the 
natural log, and R the gas constant. 
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which shall represent the change of AH with the temperature. Conse- 
quently, we write * AC. and assume ^^E- ■* where a is a 

dT p dT 

constant; AC^ is the change in heat capacity of the system when the 
reaction CaC 0 3 = CaO + C 0 3 takes place. Hence, by integrating, we 
obtain 

AH - AH 0 + AC^ T + K«T ! (II) 

and therefore equation (I) becomes 1 

— RT In p - AH 0 — AC^T In T — % a T 2 4- I T (III) 

In order to derive numerical values of the coefficients in equation (III) 
from the thermal data available, it is necessary to proceed in the follow- 
ing somewhat roundabout manner: The mean of the concordant values 
for the heat of reaction obtained by Thomsen and by de Forcrand .is 
42900 cal.; i. e. t AH = 42900 when T = 300°. Now, by making a least 
square solution for all the experimental data comprised between T = iooo° 
and T » 1167° on the assumption that the equation log p * aj T 4- b 
holds (j. e. t on the assumption that within the above temperature range 
AH is fairly constant), we obtain the equation 

log p =* — 8419/T 4 10.071 (la) 

Hence at the mean temperature, say T * 1 100, we have, by comparison 
with equation (I), 

AH « 8419 X *4.576 « 38500 cal. 

By substitution of these pairs of values in equation (II) and crimina- 
tion of AH 0 , the equation 

5-5 = —AC*, —700 a (IV) 

results; this can be solved by combining it with some recent results on 
the specific heats of calcium carbonate and oxide. Lindemann, 3 namely, 
found that the specific heat, at the ordinary temperature, of CaCO s was 
0.2027; and that of CaO was 0.1821. Hence, the values of C p (the molec- 
ular heat capacity) are 20.3 and ro.2 respectively. When T * 300°, 
Cj for CO„ as deduced from the work of Holbom and Henning, is 9.0; 
hence 

AC p — 9.0 *f 10.2 — 20.3 * — 1. 1 when T « 300. 

This statement is equivalent to the equation 

—1. 1 - AC*, + 300 a (V) 

from which, by combination with (IV), we obtain 

a — — 0.011 
AC*, - 2.2 

and hence from II, AH 0 — 42700. 

1 Cf. Haber, "Thermodynamics of Technical Gas Reactions/* pp. 26, etc.; Johns- 
ton, Lee* cit*) p. 1358. 

* Nernst, Koref, and Lindemann, Sitzungsber, Akad. Wiss., Berlm, xpno, 347. 
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Inserting these values, equation III becomes 

— RT In p * 42700 — 2.2 T In T + 0.0055 T 2 -f I T 
which may be written in a form more convenient for calculation, 

log p « — 9340/T + 1. 1 log T — 0.0012 T — I*. (VI) 

When the corresponding values of p and T are substituted in equation 
(VI), concordant values of V are obtained, the mean of which is — 8.882. 
Finally, therefore, as the equation which represents p (expressed in mm. 
mercury) as a function of T (the absolute temperature) we have 

log p = — 9340/T + 1. 1 log T — 0.0012 T 4 8.882. (Via) 
This equation reproduces the observations over the whole range within 
the probable error of experiment ; 1 and since its form is theoretically the 
most satisfactory, consistent with present knowledge, it may be used with 
some confidence for extrapolation. By means of equation Via the 
equilibrium pressures have been calculated for a number of temperatures 
(centigrade); the results are presented in Table II. The dissociation 
point is 898°. 

These results are considered to be better than any of the existing data 
on the subject because of the superior accuracy with which the tem- 
perature of the dissociating substance was determined. For the sake of 
comparison, however, results interpolated graphically from the experi- 
mental data of Zavriev and of Pott are included in Table II. 

1 

Table II. — Equilibrium Pressures (in mm.) for CaCO, at Round Temperatures. 

Interpolated from the data of 


t . 

Calc, by 
equation Via. 

Zavriev. 

Pott. 

500 

O.II 



550 

0.57 



600 

2-35 

. . 


650 

8.2 



700 

25*3 

, 43 

53 

750 

68 

95 

101 

800 

168 

197 

*95 

850 

373 

381 

350 

9 oq 

773 

697 

667 

950 

1490 



1000 

2710 


. . . 


From the data of these authors, Riesenfeld deduced the mean values 
at five temperatures — 700°, 750°, 8oo°, 850° and 900 0 ; 2 and on the 
basis of these results, with the aid of the Nemst formula for heterogeneous 
equilibria, arrived at the equation® 

1 Equation In fits the data from T » 1000 to T « 1167 almost as well as equation 
Via; but, on account of the fact that AH actually does vary with the temperature, it 
is not satisfactory as an extrapolation formula. 

* The values are close to the arithmetic means of columns 3 and 3, Table II. 

• P is in atmospheres. It may be noted that the coeffidaat of the first term on 
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log P * — 9300/T 4- 1.75 log T 4 0.011,916 T — 0.000,020,323 T 2 4 
0.000,000,008,2446 T 8 4 3.2. 

The graph of this equation over the experimental range is drawn as a 
broken line in Fig. 1, which shows that from about 800-900° the results 
from both equations are not very different. It is otherwise at other 
temperatures, and the discrepancy becomes especially noticeable at 
higher temperatures; at 1500°, Riesenf eld’s equation leads to a value of 
6,790,000 atmospheres, whereas equation Via gives 15 1 atmospheres. 
In order to bring out the difference between the two formulas and the 
consequent uncertainty of extrapolation, Fig. 2 has been constructed by 



Fig, 2. — Graphs of Riesenfeld's equation (RR) and of equation Via (JJ): the portions 
extrapolated are represented by broken lines. 

drawing the graphs of both equations for a range of temperature ex- 
tending from 400-1500° C. This was accomplished by plotting the 
values of log p (in mm.) against those of 10VT; 1 that part of either curve 

the right-hand side is derived from the heat of reaction at room temperature, and is 
the only coefficient to which a direct physical interpretation can be given; that of the 
second term and the constant are taken from Nemst; the other three coefficients were 
chosen so as to fit the pressure data. 

1 Plotting with these coordinates possesses the advantages: that the graph of 
equations such as VI is nearly a straight line, and is absolutely a straight line so long as 
AH is independent of T; that the value of AH at any point can be readily derived 
from the slope of the curve at that point. ^ 
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based on direct experiment is drawn fuU, while the extrapolated portions 
are represented by broken lines. Comment is unnecessary. 

Summary. 

In preceding measurements of the equilibrium pressure of the reaction 
CaC 0 8 7^ CaO 4- C0 3 , the errors have been due mainly to a lack of 
definiteness in the temperature of the reacting system; in the author’s 
experiments this difficulty has been obviated by the use of a very small 
quantity (o.i gram) of material, by which means the extreme tempera- 
ture variation throughout the charge did not exceed 2 This necessitated 
the use of a form of apparatus in which the vapor space was always small; 
this, and the mode of measuring the temperature accurately, are de- 
scribed in the paper. It is considered that the uncertainty in the tem- 
perature is not greater than ±2°. 

The results of four separate series of measurements can be well re- 
produced by the equation 

log P ^ 4 * 1 °S ^ — 0.00X2 T 4 8.882 « 

where p is the equilibrium pressure (expressed in millimeters of mercury) 
at the absolute temperature T. The pressure reaches one atmosphere 
at 898° C. Two of the numerical coefficients of the above equation are 
derived from the heat of reaction and the heat capacities of the com- 
ponents; the form of the equation is consistent with our present theoretical 
knowledge; consequently, in spite of the somewhat unsatisfactory char- 
acter of the thermal data, the equation may be used with some con- 
fidence for extrapolation. The above equation represents the experi- 
mental results much better than the formula proposed by Riesenfeld, 
and derived from the approximation formula of Nernst; values extra- 
polated by means of the latter diverge from, and are inherently less 
probable than, those derived from the former, especially at temperatures 
above iooo°. 

Geophysical Laboratory, Carnegie Institute of Washington, 

Washington, d. C. 

ON THE CONDUCTIVITY OF SOME CONCENTRATED AQUEOUS 
SOLUTIONS AT ZERO. 

By W. H. Sloan. 

s Received May 9, 19x0. 

As a preliminary step to an investigation of the conductivities of certain 
salts in mixed solutions of water and ammonia, some measurements 
were made of the conductivity of potassium iodide in concentrated aqueous 
solutions, which gave unexpected values. Further investigation con- 
firmed these results, and the measurements were extended to potassium 
bromide, sodium nitrate, ammonium nitrate, silver nitrate, and copper 



Potassium iodide. 


1*0* 0/1000. 

0/iooo. 

A. 

TsOg . 0/iooo. 

0/1000. 

A. 

9.2470 

0.1766 

( 57-45 
l 57 ■ 15 

% O.4242 

2.651 

(70.96 




( 70.70 

9 . 2659 

0.1845 

59-17 

O.5211 

3-32 

71 56 

9-3170 

0 . 2075 

64-33 

O.6180 

4-150 

72.03 

9-3570 

0.2371 

65.20 

O.7252 

5-31 

72.36 

9.4419 

0.2760 

67.83 

O.8928 

7.812 

73.13 

9.4420 

0.2767 6760 

i 67.70 

I .0262 

10.62 

74.13 

x .1232 

13-28 

74.55 




1-3273 

21.25 

75 60 

9. 5211 

0 . 332I& < 

( 

\ 69-43 
)69,20 






[ 70.56 




9.6180 

0.4150 < 

70.50 
l 70.25 
[ 71-00 




9 • 7430 

o -5534 

70.65 

1 70.77 




9.8222 

0.664 

_ 70.43 




9 9 i 9 * 

0.830 < 

< 

[ 70.70 
! 70.53 




0.1232 

1.328 

70.46 




0. 2 201 

1 .660 • 

< 

( 70.60 
[ 70.70 





Potassium bromide. 


Silver nitrate. 


94523 0.283 

65-7 

9-3273 

0.2125 

25-70 

9-5704 0.3717 

67.30 

9.4242 

0.266 

28.76 

9.8714 0.7435 

68.63 

9.7253 

o.53X 

37.22 

0.1724 1.487 

69-35 

0.0263 

x .067 

44.46 

o .4734 2.975 

70. 10 

0.3273 

2.125 

50.56 

0-7745 5-95 

72.50 

0.6283 

4-250 

55-40 

1.0755 11.90 

74 65 

0.9294 

8.500 

59-75 

Ammonium nitrate. 

I . 2304 

17 .00 

63.10 



Sodium nitrate. 


9.0706 0.1177 

31.22 




9.3011 0.200 

45-01 

9-7253 

0.531 

36.4* 

9.6021 0.400 

54 05 

0.0263 

1 0625 

43-20 

9.9031 0.800 

58.36 

03273 

2.125 

47-81 

0.2042 1.600 

61 .20 

0.6284 

4-250 

5150 

0.5052 3-200 

64.41 

0.9294 

8.50 

54 72 

0.8062 6.400 

66.87 

1.2304 

17.00 

57-4X 

1. 1072 12.800 

69.72 

. . 

. . . 

. . . 

1.4085 25.61 

71-45 

. . 

. . . 

. . . 


Copper nitrate. 



bog. 0/100. 

0/1000. 

A. 

K (spec, cond.) 

9-*X43 

0.130 

5-65 

4458 


9x600 

0.144 

7.42 

51.36 


9.2692 

0.186 

12.26 

66.01 


9*4X33 

0.2602 

18.98 

72.96 


9-7X65 

0.5206 

30.33 

58.28 


0.0*75 

1 .041 

37-90 

36.41 


0.3x90 

2.084 

43*30 

3*0.73 


0*6907 

XX* 32 

47*00 

xz .32 
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nitrate. Of these, the potassium bromide resembles the potassium iodide 
to some extent, but its limited solvability prevented measurements of any 
concentrated solutions. The other salts gave no exceptional values, 
save in the case of copper nitrate, where in the concentrated solutions, 
the specific conductivity of the solution increased from a dilution of 0.13 
up to 0.26 and then fell off again. (See table Copper nitrate). 

The measurements were made by means of a wire bridge and a Kohl- 
rausch conductivity cell. A large Dewar tube was used for a thermostat, 
which was filled with crushed ice and water. With»the use of a stirrer, 
a very constant temperature of 0.05 0 to o.i° + was easily maintained. 



(This type of thermostat was first used on account of the special type 
of cell necessary in the conductivity measurements of the ammnnin 
solutions. The use of the Dewar tube made the reading of the volumes 
posable from the outside). 

The water used was twice distilled, first from dilute sulphuric acid and 
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potassium dichromate, and then from a barium Tiydroxide solution. 
The salts used were of Baker’s Special Analyzed Chemicals, and in the 
case of the potassium iodide, the measurements were checked against a 
recrystallized sample. In every case several readings were taken on the 
bridge, and in the case of the potassium iodide, four different samples of 
salt, and three different cells were used, all giving check results. 

The above results were obtained where A = equivalent conductivity 
and 4 >f ioo 0 * dilution. 

In plotting the curves, the logarithms of the dilutions were used. 

The results obtained for the concentrated solutions of potassium iodide 
are decidedly different from those given by Jones and Douglas, 1 but the 
type of curve agrees very closely with that of Kahlenberg, 2 the molecular 
conductivity being a little higher than Kahlenburg’s. 

In plotting the conductivities of potassium iodide and potassium 
bromide at i8°, on the same basis, the values as given by Kohlrausch and 
associates, show the same tendency, but not so marked, but the concen- 
trations are not so great. 

The values at o° for potassium iodide resemble in some respects, the 
conductivities of certain salts in methylamine and liquid ammonia, as 
given by Franklin and Gibbs 8 and Franklin. 4 

A satisfactory explanation of the results obtained does not seem possible 
at present. It is hoped that further measurements may produce some 
clue. 

This work was carried out at the suggestion and under the direction 
of Prof. K. C. Franklin. 

Stanford University, California. 


[From the Institute of Animal Nutrition Laboratory, State College, Pa.] 

ELECTRIC COMBUSTION FURNACE FOR METHANE DETER- 
MINATION, 

By J. A. Pries. 

Received June 13, 19x0. 

In connection with the respiration calorimeter experiments upon cat- 
tle which are being carried on here, it is necessary to determine the amounts 
of combustible gases (consisting chiefly or wholly of methane) excreted. 
For this purpose an electric combustion furnace has been in use in this 
laboratory during several periods of 50 consecutive hours each, and is 
giving perfect satisfaction. 

1 Am. Chem. 36, 445. Calculated to reciprocal ohms, Tower's "Conductivity 
of Liquids." 

* /. Phys. Chem., 5, 348. 

• This Journal, 29, 1389. 

4 Z. physik . Chem., 69, 272. 
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The work to be done and the size and construction of the furnace are 
so different from those of ordinary combustion furnaces that a descrip- 
tion of the furnace may not be without interest and value. 

Work Required of the Furnace. — From the continuous current of air 
passing through the respiration calorimeter chamber when an experi- 
ment is in progress, samples for analysis are taken at frequent and regu- 
lar intervals, the quantity of these samples being equal to a continuous 
air current of 3 . 5 liters per minute. This amount of air passes through 
the combustion tube, where the combustible gases are oxidized, platin- 
ized kaolin serving as a catalyzer. 

Combustion Tube . — The combustion tube, which is similar to that 
used previously with a gas furnace for the same purpose during a num- 
ber of years, is a seamless copper tube 3.35 meters long, 8 / 4 inch iron pipe 
size, inside diameter about 20 mm., and with walls about 3 mm. thick. 
The heated section of this copper tube is protected by a nickel-plated brass 
tube 8 feet long which fits loosely over it. $ 

Electric Current . — The electric current at our disposal is a three-phase 
alternating current of about no volts pressure during the day, but in 
the evening and night when the most lighting is required^, the voltage 
is increased to between 120 and 125. 

Material for Furnace . — The outside box and supports for the tubes 
were s / 4 inch thick asbestos lumber. Three quartz tubes, 37 mm. in- 
side diameter, each about 70 cm. long, were used for cores upon which 
were wound the resistance coils, consisting of 6 mm. Nichrome ribbon. 
A 3 mm. asbestos cord and an 18 mm. asbestos tape were used to keep 
the resistance coil in position and prevent short circuiting. 

. Construction of the Furnace . — The accompanying sketch of a section 
of the furnace shows the construction of the same. 

The outside dimensions of the asbestos box are: 215 cm. long, 17.5 
cm. wide, and 19 cm. high. The asbestos was worked and screwed to- 
gether like ordinary wood. Cross partitions supporting the ends of the 
quartz tubes were securely fastened to the sides of the box. Each quartz 
tube was wound separately with about 4 meters of Nichrome ribbon 6 



Cross-section showing one-third of the furnace: a, asbestos lumber; b t copper tube; c, 
brass tube; d, quartz tube; e, Nichrome ribbon; /, asbestos tape; 
g, quartz sand; h, platinized kaolin. 
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mm. ^ wide and 0.3 mm* thick, having a resistance of 173 ohms per 1000 
feet. This length made a coil of 29 turns equally spaced over the ex- 
posed length of the tube. The ribbon was wound directly on the quartz 
tube, wired fast with resistance wire at each end, and between each turn 
was wound a 3 mm. asbestos cord. Between the turns of the cord an 
18 mm. asbestos tape was wound directly over the Nichrome ribbon. 
This method of winding made it all very firm and practically impossible 
for the ribbon coils ever to work loose and the loops to come in contact 
with each other. The wound quartz tubes were put in position so that 
they formed a straight opening. The ends of the coils leading out to the 
binding posts on the outside of the asbestos box were doubled back upon 
themselves twice and wired together, in order to reduce the resistance 
and the heating of them by the current. Very thin asbestos was laid 
over joints and any crack in the asbestos tape winding so as to keep 
the sand away from the tubes, and then the box was filled with fine quartz 
sand. About the middle of each tube and coil there was left a round hole, 
1 inch in diameter, extending from the outside of the lid to the asbestos 
covering on the ribbon, and by means of this opening the condition of 
the tubes as to heat can be observed at any time. The binding posts 
were screwed on the side of the box and the doubled up ends of the rib- 
bon project between the lid and upper edge of the side of the box. Three 
of these binding posts connect the three main wires and the three ends 
of the resistance coils. The coils themselves were connected in star 
fashion, that is, the three free ends were united. 

This method of wiring reduces the voltage in the coils and hence less 
ribbon is required per coil for a given amount of heat than by the mesh 
method of wiring. The maximum heat possible under this system of 
wiring would be 

main voltage/v^ X amperes. 

By actual test the voltage across these resistance coils varied from 60.5 
to 62.5, and the ammeter measured about 23.5 amperes, while at the 
same time the voltage between the three mains was 107.5 t0 108.5. 
The load on the main was not perfectly balanced nor was the current 
very steady, but from the average of the readings, the heat generated in 
each coil Would be 1434 watts, or computed to the surface of the tube, 
equal to 1 . 7 watts per square centimeter. 

This amount of heat proved to be entirely too much and the tempera- 
ture of the furnace rose to nearly 1200°. The greater efficiency noticed 
in this furnace, when compared with the results of laboratory tests made 
with quartz tubes wound with wire and insulated with magnesia cover- 
ing, must be ascribed to the better insulating quality of the sand, and to 
the fact that a broad ribbon was used for resistance coils instead of a 
small wire. 
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In order to reduce the heat in the furnace, a coil consisting of 5 feet 
of the same ribbon was put in as outside resistance in each of the three 
main wires and in order to meet the fluctuations and increase in voltage 
on the main, two sets of coils, 1 foot ribbon per coil, were so arranged 
on the top of the box that one or both sets could be thrown in by means 
of two switches. Each of these sets of coils equals about 1 ampere differ- 
ence in the current. 

By this arrangement of the resistance, the current can be held at 15 
to 15 5 amperes, which maintains a temperature of 700 0 or a little less 
in the furnace. This is equivalent to about o. 79 watt per square centi- 
meter tube surface. With the copper combustion tube in position, the 
temperature of the furnace is reduced somewhat near the ends of the 
furnace, but under these conditions the heat has been found to be suffi- 
cient for the work required. 

The ends of the copper combustion tube were threaded and reduced 
to V4 i nc h iron pipe size by means of brass fittings, the joints of wflich 
were also soldered. The return pipe from the furnace to the train of 
absorption tubes is iron connected with good rubber tubing. 

Test of the Furnace and Combustion Tube . — When all connections *had 
been made ready for use the whole system was put under 5 inches mer- 
cury pressure and suction and Showed no leak. Next, the oxidation 
capacity of the furnace was tested by allowing alcohol vapor to be car- 
ried through with the air current, the carbon dioxide formed being ab- 
sorbed and the air again allowed to pass through a similar combustion 
tube heated by gas. It was found that the combustion was perfect in 
the electric furnace, not a trace of carbon dioxide being found after the 
second furnace. 

After this test a weighed quantity of alcohol was oxidized with the 
following results : 

CO*. H*0. 

5.4127 grams alcohol, sp. gr. 0.82478: Theoretical, 9.2271 g. 6.2542 g. 

Found. 9.2210 g. 6.1920 g. 

The carbon dioxide found agrees as well as can be expected with the 
theoretical, but the water is a little low. This was caused by stopping 
the experiment a little too soon, some of the water still remaining con- 
densed in the connections. The time used for the determination was 
3 l / a hours. This test was considered entirely satisfactory and the fur- 
nace has proven so ever since. 

Expansion of Copper Tube , — The copper combustion tube expands 
about 1 inch in length when heated, besides a very small amount in diam- 
eter^hence it should not fit too tightly in the furnace, nor have very sharp 
edges nor rough surfaces over which to move. Because of this expan- 
sion it is advisable to use rubber connections at the cool ends or some 



PRECIPITATION Of THE IRON GROUP. 


953 


flexible tin or lead pipe where such material can be used. The small 
unevenness commonly found in the quartz tubes does not seem to inter- 
fere with the expansion. 

Durability of Copper Combustion Tube . — Copper tubes such as have 
been described have been in use with the gas furnace for as many as 
noo hours before being renewed. With the electric furnace, where the 
heat is much more uniform, the tube, which in this case is nickel-plated 
on the outside, may last even longer. 

Advantage of Electric Furnace over the Gas Furnace . — By the electric 
furnace a source of probable error — that of combustible gases under 
certain atmospheric conditions contaminating the air supply of the 
respiration calorimeter — has been removed. It supplies more uniform 
heat. It is more economical than gasoline gas since even with much 
outside resistance the amount of heat lost is only a very small fraction 
of that wasted by a large gas furnace. There is no trouble in regulating 
the heat as there is with a varying gas supply. 


THE PRECIPITATION OF THE IRON GROUP AND THE COMPOSI- 
TION OF CERTAIN FERRIC FORMATES. 

By O. F. Tower. 

Received June 7, 1910 

The difficulties of precipitating the metals of the iron group, viz,, iron, 
aluminium and chromium are well known. Many prefer to attempt 
no independent separation, but to precipitate them along with the zinc 
group by using both ammonium hydroxide and ammonium sulphide. 
This, however, entails a complex and rather tedious method of analysis, 
unless chromium is known to be absent. In case manganese is absent 
the metals of the iron group may be separated rather sharply by re- 
peating the process of precipitation. After the first precipitation with 
ammonium hydroxide, the precipitate is dissolved in hydrochloric add 
and the metals reprecipitated with ammonium hydroxide as before. 
In this way any zinc or nickel dragged down in the predpitation are 
fairly completely removed. The most complete method of separation, 
however, no matter what other common metals may be present, is to 
predpitate them as basic acetates. Furthermore, the presence of PO/' 
causes no complications when the basic acetate process is employed, 

provided suffident Fe is present. In addition to causing the removal 

of the P0 4 *', Fe is required to insure the predpitation of chromium. 
The great objection to the use of the method, however, is the great diffi- 
culty experienced in filtering and washing the predpitate of basic ace- 
tates. 
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Op this account, in 1861, F. Schulze 1 recommended the use of ammo- 
nium formate for precipitating iron and aluminium, claiming that the 
basic formates are much easier to filter and wash than the corresponding 
acetates. This paper contains an account of an investigation of this 
point together with a few matters closely related to it. 

Schulze's conclusions, in the main, have been confirmed. Both iron 
and aluminium can be practically completely precipitated by boiling 
with ammonium formate provided the solution is sufficiently dilute. 
The boiling need be continued only for a moment. The precipitate has 
a flocculent appearance and looks as if it could be filtered with great 
ease. Filtration is, however, not so rapid as Schulze describes, but can 
be accomplished in less time than in the case of the basic acetates. Chrom- 
ium by itself is not precipitated by boiling with ammonium formate, 

but is carried down by basic ferric formate, hence the presence of Fe 
is required for the complete precipitation of the group. The presetye of 
ammonium chloride is desirable, as it causes the precipitate to be thrown 
down in larger flakes, which facilitates filtration. 

The procedure found to give the best results follows: j^fter hydro- 
gen sulphide has been expelled from the filtrate of the copper- tin group 
and iron, if present, has been oxidized (if Fe is not present, 5-10 cc. molar 
FeCl 3 must be added), add ammonium chloride, and then dilute the solu- 
tion until the concentration of any one of the metals of the iron group 
does not exceed 1/100 molar, and heat the whole to boiling. Add 
about 10 cc. 4 N ammonium formate and continue to boil for about one 
minute. Filter hot, preferably with the suction pump. The group is 
then analyzed as usual, except that, of course, iron must be tested for 
in the original solution, or at least before the precipitation of the group. 

The question arose as to the nature of the precipitate and the compo- 
sition of the ferric formates in general. This is especially interesting 
in view of the recent work of Werner and his associates on the acetates 
of the metals of this group 3 * and on the formates of chromium. 8 For 
example, Weinland and Gussmann 4 have been unable to isolate ferric 
triacetate by any of the methods given for its preparation. There crys- 
tallizes usually from strongly acid solutions containing ferric hydroxide 

r H O 

and acetic acid a basic salt of a triferric base, viz., * * 

(Uhl), • 

HjO, the formula indicating that only one acetate radical is replaceable. 
Another acetate containing one less hydroxyl group than this was also 

1 Chew. Centralblatt, x86l, 3. 

1 See Ber., 41, 3236 and 3447 (1908); 42, 2997 and 3881 (1909); Z. anorg. Chem., 
66, 157 (1910). 

• Werner, Ber., 41, 3449 (1908). 

* Ber., 42, 3881 (1909); and Z. anorg. Chem., 66, 157 (1910). 
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prepared. The formula of basic ferric acetate is commonly given as 
Fe(OH),C,H s O s . But the basic acetate precipitated in the usual man- 

OjHjjOj 

ner was found to correspond to the formula Fe 8 (OH) 2 , or, if the three 

°3 

iron atoms do not remain together, it may be written Fe 2 0 3 .Fe( 0 H) 2 C 2 H 3 0 2 
/OH /CJIA 
or 2Fe^ .Fe^ 

Ludwig 1 and also Scheuer-Kestner 2 claim to have prepared ferric 
triformate by allowing formic acid to act upon moist ferric hydroxide, 
the acid being present in large excess, crystals of the salt appearing after 
gradual evaporation. It was, however, found to be impossible to ob- 
tain the triformate by this or any of the other processes tried. 

Ferric hydroxide was prepared by neutralizing ferric chloride with am- 
monium hydroxide, the precipitation being carried out at great dilution 
and both hot and cold. When precipitated in the cold ferric hydroxide 
dissolves readily in excess of cold formic acid; precipitated hot, it dis- 
solves very slowly, but may be made to dissolve completely by continued 
agitation. When ferric hydroxide is boiled with excess of formic acid, 
complete solution does not take place. For the following experiments 
a paste of well washed ferric hydroxide and water was prepared, which 
contained about i mol. per liter. The formic acid used was a Kahlbaum 
preparation and had a specific gravity of 1.22. 

A certain volume of the ferric hydroxide paste was treated with an 
equal volume of the formic acid, and the mixture shaken until complete 
solution took place. Whether evaporated in the air or under a desic- 
cator, crystals were deposited upon the sides of the containing vessel. 
These were collected and kept in a desiccator over soda-lime for several 
days to remove the last traces of acid and then were transferred to one 
containing sulphuric acid, where they renamed until analyzed. The 
mother liquor from these also deposited a good crop of fine crystals on 
the bottom of the containing vessels, which were dried "in the manner 
just described. Formic acid was determined by treating a weighed quan- 
tity of the crystals with excess of 0.5JV sodium hydroxide, heating care- 
fully for 15 minutes, letting cool, and transferring to a graduated cylin- 
der. After the ferric hydroxide had completely subsided, an aliquot 
portion of the supernatant liquid was drawn off and titrated with 0.2 N 
hydrochloric acid. The method was rapid, although not very accurate, 
but sufficiently so for the present purpose. Iron was determined by 
filtering off the ferric hydroxide remaining in the cylinder, washing with 

/ 1 Arch . PAam., [2] 107, 1 (x86x). 

* CompL rend., 56, 1092 (1863). 
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hot water free from alkali, and weighing the residue in a platinum cruci- 
ble. The accompanying table gives the results of the analysis of crys- 
tals obtained in all the ways mentioned above. It will be observed 
that they were of uniform composition, and that this composition does 
not correspond to the formula of the triformate but to that of a basic 


Fc. CHO*. 
Per cent. Per cent 


31 

2 

60.6 

31 

5 

61 5 

34 

0 

60.5 

3 2 

4 

60 2 

33 

2 

59*6 


Required for Fe (CHO a ) s , Fe 29 3 pet cent., CH 0 2 70 7 i>er cent. 
(CHO ^ 

Required for , Fc 32.4 per cent., CHO a 6i.o per cent. 


salt of a triferric base of the same composition as the acetate precipita- 
ted under similar conditions except for the molecule of water of crys- 
tallization. Various modifications of the process outlined above were 
tried but no normal ferric formate could be obtained. 

The formate obtained dissolves very slowly in cold water, mo«e rapidly 
in warm. The salt cannot be obtained again from the solution/ as a 
more basic salt described below was the only one deposited. It also dis- 
solves slowly in formic acid. Neither the acid nor the aqueous solution 
gives a precipitate with chloroplatinic acid, and no evidence has yet been 
obtained to show that one, and only one, of the CH0 2 radicals is ionized 
as was found by Weinland and Gussmann to be the case with the corre- 
sponding acetate. 

When ammonium formate in excess is added to ferric chloride solu- 
tion the liquid becomes dark red and on warming deposits a brown floc- 
culent precipitate. This precipitate was filtered out, washed, dried 
and analyzed in the manner just described. The results of the analy- 
sis are shown in the accompanying table. The composition of the pre- 
cipitate is evidently that of the second formula and is therefore analogous 

Fc. CHO fi . 

Per cent. Per cent. 


57 o 

56.4 

57 1 


IS 1 
14.8 
14.8, 


Required for l|p(OH) a CHO ai Fc 41 4 per cent., CFK> 2 33.4 percent. 


Required for 


~ CHO a ~ 
Fe,(OH)* 

_ O, _ 


I, Fc 56.5 per cent., CHO* 15.3 per cent. 


in composition to the basic acetate thrown down under similar condi- 
tions. 

Whether ammonip chloride is present or not during the precipita- 
tion makes no difference in the composition of the precipitate. When a 
mixture ofjerric chloride and ammonium formate in excess stands at 
ordinary temperature for several days an amorphous precipitate is de- 
posited whose composition in the samples investigated does not corre- 
spond to that of the basic salt just described, as can be seen from the 
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following table. The substance is richer in formate than the one pre- 

Fe. CHO, 

Percent Percent 

53 o 17 2 T (CH 0 2 ) a l 

51 6 18 5 Required for I Fe, OH , Fe 51.9 per cent , CHO a 27 9 percent 

50 7 19 3 L °3 .1 

cipitated hot. It corresponds somewhat closely in composition to the 
formula of a basic diformate, but I incline to the belief that it is a mix- 
ture of the basic monoformate with a small quantity of some formate 
richer in formic acid. 

Summary, 

1. The iron group may be precipitated as basic formates, which filter 
somewhat more readily than the basic acetates. 

2. The presence of iron is necessary for the precipitation of chromium. 

3. It was found impossible by any of the methods heretofore described 
to prepare normal ferric formate. In its place was always obtained a 

fCHO \ 

good crystalline precipitate corresponding to the formula Fe 8 ,.^ TJ . 2)1 . 

(OH), 

4. The basic formate precipitated under the usual conditions possesses 

r cho,- 

a composition expressed by the formula ^(OH) a . 

L - 

Wkstl.rn Reserve University, Cleveland 


A RAPID AND ACCURATE METHOD FOR THE DETERMINATION 

OF TITANIUM. 

By O h Barnjshb\ and R M Isham 
R eceived May a, 1910 

Having a number of determinations of titanium in rutile and iron ores 
to make and failing to obtain consistent results by use of the common 
methods the authors proceeded to investigate for a shorter yet accurate 
process for this determination. Low’s method 1 adapted from Blair gives 
good results, but requires too much time for the ordinary analysis. This 
method was used in checking three series of analyses. Gooch’s method 
was not tried as it seemed to have the same disadvantage as the other 
methods — requiring too much time to obtain a pure product of wdghable 
titanium oxide. 

Methods depending on the precipitation of titanic acid in boiling solu- 
tions containing sulphurous and sulphuric adds gave low results. Those 
requiring SO, or H*S reduction of the iron and predpitation of the titanium 
with ammonia or by boiling with sodium or ammonium acetate and acetic 
add were found to give high results when a large excess of iron was present, 
and required repeated treatments to completely remove the latter dement. 

1 Lott's 'Tecbnieal Analysis of Ores,” p, 189. a 
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This accords with the results of Blair, 1 Fresenius, 2 and others. Pisani’s* 
volumetric method, modified by Wells and Mitchell, 4 reducing the titanium 
from TiCl 4 or Ti(S 0 4 ) 2 by zinc in the presence of free acid and titrating 
with potassium permanganate in an atmosphere of carbon dioxide failed 
to give accurate results. In no case where considerable titanium was 
present was the reduction absolutely complete and frequently the results 
were from 5-10 per cent, low after prolonged reduction by the zinc. This 
is in accordance with the published work of Wells and Mitchell 5 on the 
application of this method. 

Rothe’s method 8 for the removal of the iron from titanium in the 
determination of the former, used likewise by Noyes, Bray and Spear 7 
to separate titanium and zirconium from iron and thallium in their System 
of Qualitative Analysis finds application in removing most of the iron 
quickly. The method attributed to Ledebur by Classen 8 for pig iron 
analysis will not give good results due to the presence of titanium in the 
silica and graphite which is discarded, the solubility of titanic hcid in 
hydrochloric acid, and the contamination of the final product by foreign 
elements such as aluminium. 

The method as outlined below is based on the volatilizatioir of the 
silica by hydrofluoric acid in the presence of sulphuric acid, evaporation 
to dryness and fusion with sodium carbonate and a little sodium nitrate 
to convert the iron and titanium to insoluble ferric oxide and sodium 
titanate, extraction with hot water to remove the soluble phosphates, 
sulphates and aluminates; solution of the ferric oxide and sodium titanate 
in hydrochloric acid, extraction of ferric chloride with ether; reduction 
of slight traces of iron with sulphur dioxide; precipitation of the titanic 
acid by boiling in acetic acid solution, filtration and ignition to titanium 
oxide (or colorimetric). (If the directions as given are strictly followed 
usually the sulphur dioxide reduction may be omitted as the iron will 
have been completely removed.) 

The weighed sample in a platinum crucible is moistened with water, 
5-10 drops concentrated sulphuric acid, and 1 cc. of hydrofluoric acid 
are added, and the mixture heated on an asbestos hot plate until cessation 
of sulphur trioxide fumes. Five or ten grams of sodium carbonate and a 
little sodium nitrate are added and the mixture fused at least 30 minutes. 
The crucible and cover are cooled, placed in a beaker, covered with hot 

1 Blair* s, “Chetn. Anal, of Iron,** p. 180. 

2 Fresenius-Cohn, Quant. Chem. Anal. 

2 Ibid., Vol. i, 285. 

4 This Journal, 17, 878. 

5 hoc . cit. 

• Mittk. Kbngl. tech. Vers., io, 132; Stahl und Risen , 12, 1052; 13, 333. 

f This Journal, 30, 515. 

• Classen's, “Ausjpw&Mte Methoden der Anal. Cbemie," p. 501. 
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water and heated until the melt is disintegrated. Ferric oxide and 
sodium titanate are left in the residue insoluble in hot water. The crucible 
is removed, washed and any adhering particles of ferric oxide and sodium 
titanate are dissolved out with hot hydrochloric acid (sp. gr. 1.1 1). These 
solutions are saved. The residue in the beaker is filtered and washed 
with hot water. The filter is perforated and the residue carefully washed 
down into a clean beaker with hydrochloric acid (sp. gr. i.ii). The 
hydrochloric acid washings from the platinum crucible are transferred 
to the beaker and the whole heated on the hot plate until solution is 
complete and volume is reduced to 15-20 cc. The solution is cooled, 
2 cc. of concentrated hydrochloric acid added, and transferred to a separa- 
tory funnel, the beaker being rinsed with hydrochloric acid (sp. gr. 1.11). 
An equal volume of ether, which has been previously shaken with con- 
centrated hydrochloric acid, is added to the solution, a rubber stopper 
is inserted in the top, the funnel is inverted, the stopcock opened and 
the whole thoroughly shaken. The stopcock is then closed and the 
funnel placed in an upright position and allowed to stand 10 minutes. 
The aqueous layer is drawn off into another separatory funnel. The 
ether is rinsed twice by shaking well with 5-10 cc. portions of hydrochloric 
acid (sp. gr. r.rr) and the washings added to the aqueous solution. (The 
ether is run off into an ether residue bottle and saved for purification.) 
The treatment with ether is repeated two or three times until the ether 
layer no longer shows any greenish tinge due to the presence of dissolved 
iron. The aqueous solution is then transferred to a beaker and 3-5 cc. 
of hydrogen peroxide added. If the solution does not develop a fairly 
intense color the titanium may be determined colorimetrically by the 
method given below. 

If an intense color develops the solution is heated to expel dissolved 
ether, 10 cc. of concentrated sulphuric acid are added and the solution 
evaporated to sulphur trioxide fumes. The cooled solution is diluted 
to about 100 cc. (any platinum present should be precipitated by hydrogen 
sulphide at this point) and the solution nearly neutralized with ammonia. 
One or 2 grams of ammonium bisulphite are added and the solution 
warmed on the hot plate for half an hour. Ten to 15 grams of ammonium 
acetate are added and 5-10 cc. of glacial acetic acid and the solution 
boiled for 15 minutes. Filter. The precipitated titanic acid is filtered 
off washed with dilute acetic acid (not over 11 per cent.), ignited and 
weighed as titanium oxide. 

In case the hydrogen peroxide test as performed above indicates the 
presence of only a small amount of titanium the quantity may be de- 
termined colorimetrically. Heat the solution to expel dissolved ether, 
cool, transfer to a Nessler's tube, treat with 4-5 cc. of hydrogen peroxide, 
dilute to 100 cc. and determine by comparison with measured quantities 
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of a standard solution of titanic acid in hydrochloric acid, which have 
been subjected to the same peroxide treatment. This comparison can 
be most conveniently carried out by adding the standard solution, drop 
by drop from a burette, to a Nessler’s tube containing hydrogen peroxide 
and hydrochloric acid and made up to near the 100 cc. mark. The solution 
should be agitated from time to time and the process continued until 
an equivalent color is developed. 

In following out this method as outlined three ores were used. Sample 
A was a sample of rutile from Kahlbaum, sample B was a specimen of 
concentrates from a Virginia ore, and sample C was a titanium iron ore 
from Lower Canada. These ores were analyzed by the method given 
above and the results checked by use of the method proposed by Low. 
The results obtained are tabulated in the following table. 

wt. Tio 2 1 
Kc 2 0 8 



wt. 

1st ppt. 

Final wt. 

Per cent. 

Average 

Sample. Method. 

Samples. 

bjr tow. 1 

Ti0 2 . 

Ti 0 2 . 

pjr cent 




0.1652 

82 . 60 

* 




0.1650 

82.50 


A. . . Authors’ method . . 

. , 0.2 


O.1652 

82 60 

82.58 




O.1653 

82 .65 

* 




O.165I 

82-55 


Low’s method 

. . 0.2 

O.1782 

O 1652 

82 60 

82 67 



O.1694 

0.1655 

8275 





O.1776 

88 80 


B. . . Authors’ method . . 

0.2 


O.1774 

88.70 

88.68 




O.I 77 I 

88.55 


Low’s method 

. . 0.2 

0.1772 

O.1772 

88.60 

88.55 



O.1770 

O.1770 

88.50 





O 0785 

15.70 


C. . . Authors’ method. . 

• • O.5 


0.0785 

15 -70 





0.0781 

15.62 

i 5-<>7 




O.O783 

1566 


Low’s method 

I .O 

0. 1618 

0.1552 

15*52 

15-51 



0.1708 

0.1550 

15-50 



In a preliminary effort to show the quantitative nature of the ether 
separation the following experiments were performed: I. A solution of 
titanic add in hydrochloric acid was standardized by precipitation 
with ammonium hydroxide and ignition to titanium oxide. II. Blanks 
were run, carrying 10 cc. portions of the titanium solution through three 
ether separations with final predpitation with ammonium hydroxide. 
III. Separations were run by mixing 10 cc. portions with 5 cc. of a saturated 
ferric chloride solution and subjecting the mixture to the regular ether 
treatment with sulphur dioxide reduction and ammonium acetate pre- 
cipitation. 

' 1 Using Low’s method whenever iron was present it was found necessary to refuse 

and repredpitate to free the titanium oxide from ferric oxide, 

# 
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I (a) 0.1140 II (a) 0.1142 III (a) 0.1141 

(6)0.1139 (6)0.1144 (6)0.1140 

(c) o. 1141 

It is suggested that for the analysis of pig iron, steel, etc., a 5-10-gram 
sample be dissolved in 30-40 cc. of concentrated hydrochloric acid to 
which 4-5 cc. concentrated nitric acid has been added, and the solution 
evaporated to the consistency of sirup. Add 1-2 cc. of concentrated 
hydrochloric acid, take up with 20 cc. of hydrochloric acid (sp. gr. 1.11), 
and filter. Transfer the filtrate to a separatory funnel and the residue 
to a platinum crucible. 

After one treatment with ether as given above, the aqueous solution 
should be treated with ammonia, the precipitate filtered out and added 
to the residue in the platinum crucible. Ignite filter paper, treat with 
hydrofluoric acid, fuse, and complete the determination as previously 
given. 

We note that in the original colorimetric work of Weller, 1 as well as in 
all subsequent modifications, the titanium was oxidized in the presence 
of sulphuric acid. For the sake of comparison equivalent solutions of 
titantium in sulphuric and in hydrochloric acid were prepared. We 
found that the color developed by oxidation was fully as intense and 
stable, in hydrochloric as in sulphuric acid. Inasmuch as solutions 
containing 1 mg. or more of titanium developed a somewhat higher color 
with hydrochloric acid it is advisable to use a standard solution of titanium 
in hydrochloric acid for the comparison. 

Observing the aqueous titanium solution in the ether extraction to be 
colorless if peroxide-free ether is used led us to doubt the formation of 
a ‘‘yellow- white compound” with ether described by Rosenheim and 
Schiitte. 2 These authors write: “The yellow- white, very indistinctly 
micro-crystalline mass, which remains after the action of hydrochloric 
acid and ether on titanium hydroxide, was almost completely soluble in 
cold water and precipitated gelatinous titanic acid on boiling.” Treating 
titanium hydroxide in all degrees of hydration with several proportions 
of hydrochloric acid in ether gave no color mentioned above provided 
the last trace of peroxide was removed from the ether. If even a small 
amount of peroxide was present, Rosenheim and Schiitte’s observations 
were confirmed. 

Conclusions. 

1. The volumetric method based on the reduction of titanium' to the 
tri-valent state and oxidation with permanganate gives low results, 

2. With the sulphur dioxide reduction when considerable iron is 
present the titanium product is usually contaminated with some iron. 

1 2?er., 15, 2593. 

1 Z. anorg. Chem., 26, 241. ^ 
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3. The ether separation removes practically all the iron from the titanium 
very quickly. 

4. Refusion of the ignited product with sodium carbonate for purifica- 
tion, which requires considerable time, is never necessary by use of this 
method. The final product is pure, unless zirconium is present, in which 
case this element is removed by the usual phosphate precipitation. 

5. This method combines the colorimetric and gravimetric determina- 
tions and the color comparison is made in solutions always totally free 
from iron. For convenience hydrochloric rather than sulphuric acid 
solutions of titanic acid are used. 

6. The method is accurate and not long. 

7. Rosenheim and Schiitte’s yellow compound probably owes its color 
to the presence of peroxides in the ether used. 

University of Nebraska, 

Lincoln. 

# 

APPARATUS FOR THE DETERMINATION OF ARSENIC. 

By Otis D. Swett. 

Received May 38, 1910. 

% 

The many existing forms of apparatus for the determination of arsenic 
which give trustworthy results appear to have left little to be sought 
for with regard to this most essential feature. The more or less com- 
plex construction of these forms, however, together with the sources 
of error which usually accompany such construction, seem to justify 
an attempt to devise an apparatus for arsenic determination which, 
besides yielding accurate results, shall comprise fewer parts than are 
found in the other forms, and shall be compact and portable. 

With these points in mind, an apparatus has been devised which is 
illustrated in the accompanying drawing. 1 

A is a round wooden base with a central depression and three vertical 
lugs which form an extension of the sides of the depression. 

B is a glass vessel, 4 cm. outside diameter and 14 cm. long, with flat 
closed bottom, supported by the base A in the depression between the 
vertical lugs. The vessel B is provided with a lower side tube 6, pro- 
jecting beyond the base A between the vertical lugs, and with the upper 
side tube 

C is an inner tube, 18 mm. outside diameter, closed at its lower end, 
enlarged conically at its upper open end, rolled out and sealed to the 
top of the vessel B } which is closed in to meet it, and then ground on its 
inner surface to receive a stopper. 

D is a hollow stopper with dome-shaped closed top, tapering to the other 
end, which is open, and ground to fit the neck of the inner tube C. 

1 Glass work by Mr. Edw. O. Sperling, Bureau of Standards. 
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F is a vertical drying tube, with the usual enlargement and moisture 
bulb, communicating with the interior of the stopper D through the 
offset tube d. 

f is a side tube, extending laterally from near the top of the drying 
tube to the vertical axis of the apparatus, then vertically to the top 
level of the drying tube, flattened and ground to 
fit the correspondingly flattened and ground igni- 
tion tube H. 

/' is a light ground glass stopper fitting the 
ground open end of the drying tube. 

£ is a tube passing through, and sealed to, the 
top of the hollow stopper £, and extending within 
the inner tube C to near the bottom, where it 
terminates in a gas trap, e , and extending up- 
wards from the hollow stopper C, with an offset 
bend, to the stopcock g and communicating 
through this with the 5 cc. funnel G t which is 
closed in at the top to a small neck ground to 
take the enlarged and suitably ground capillary 
tube g', this latter being drawn out somewhat 
smaller at the lower end, bent at right angles 
above the funnel neck, and so shaped at the outer 
end as to accommodate a rubber tubing. 

£ is a hard glass tube 6-4 mm., drawn out at 
one end in a suitable manner for the production 
of the mirror, and flattened and ground at the 
other end to fit the similarly finished end of the 
side tube / as described. 

/ is a heating coil, consisting of a threaded 
spool of “lavite” 1 12 mm. outside diameter and 
8 mm. inside diameter, wound with number 26 
44 Advance n resistance wire, 2 and mounted with a shield disc /, of the 
same material which prevents the tube above from becoming overheated. 

J' is a “lavite” disc similar to /, upon which the heating tube / rests. 

K t K r are the conducting wires and k is the two-wire insulated con- 
ductor from which they project. 

L is a metallic sleeve, fitting snugly over the ignition tube H, cut to 
form spring fingers bearing firmly upon the ignition tube, and carrying, 
as an integral part, a disc which forms a flange around the upper end of 
the sleeve, thereby providing a means for supporting and vertically ad- 
justing the heating coil /. 

1 Manufactured by the D. M. Steward Mfg. Co., Chattanooga, Tenn. 

* Manufactured by the Driver-Hams Wire Co., Harrison, Newark, New Jersey. 
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I is a clip, adapted to hold firmly together the flattened and ground 
ends of the side tube / and ignition tube H. 

M is a glass tube 5 to 7 mm. inside diameter made to fit the flattened 
and ground end of the tube and bent horizontally to keep within the 
radius of the apparatus. 

The ignition tube first employed was of transparent silica, mounted by 
a short mirror tip. The metal clip being above the heating tube, and 
not thoroughly shielded from the heating coil, gave rise to irregular mir- 
rors. When a tube, however, is used for both ignition and deposition, a 
number of such tubes must be on hand when making up a set of stand- 
ards and for consecutive analyses, so that silica, on account of its cost, 
is barred. Instead, Jena boro-silicate glass, or indeed a high quality 
combustion glass, may be used. 

A modified form of the vessel B has been designed, which is essentially 
an Erlenmeyer flask, provided with side tubes and carrying the sealed-in 
tube C, thereby eliminating the wooden base, and providing space for a 
larger reaction vessel. 

With slight modifications this apparatus is adapted for use with many 
methods heretofore proposed. * 

For the Marsh, 1 Berzelius-Marsh, 2 and Sanger-Berzelius-Marsh 3 meth- 
ods, the drying tube is charged with calcium chloride retained in place 
by means of absorbent cotton plugs. Lump or granulated arsenic-free 
zinc is introduced into the tube C, sulphuric or hydrochloric acid is ad- 
mitted from the funnel C through the cock g and tube E t followed by the 
solution to be tested for arsenic after all air has been expelled from the 
apparatus. 

In the application of the Gutzeit, Ritsert, Fltickiger, Lohmann 4 meth- 
ods, applied quantitatively by means of a set of standards for compari- 
son, the drying tube is charged with absorbent cotton and a few strips 
of lead acetate paper or its equivalent, and the ignition tube is replaced 
with the curved tube N t into which the impregnated test paper is intro- 
duced. 

The stopper tube g' is provided for connection with a supply of arsenic- 
free hydrogen, as suggested by Munroe and in use by his students, 5 
thereby materially reducing the time required for a determination by 
affording a means of rapidly removing all air from the apparatus, and also 
effecting a saving of arsenic-free zinc and acid. 

Provision is made by the outer vessel or jacket B , with the side tubes 
b and 6', for either cooling the reaction chamber C, as recommended by 

1 Edin. Philos., i6 t 229. 

2 Berzelius , Jahresb., 17, 191. 

3 Am. Chem. J 13, 431. 

4 Fresenius, “Qual. Analysis," 3x57, 7, e. f. 

* Tate Journal, 17, 885, 890 (1895). 
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the earlier authorities, or for heating it as recommended by Harkins, 1 
by passing through it either cold or hot water. 

In the preparation of standard mirrors for comparison, as recommended 
by Sanger, 2 as small a quantity as 0.005 mg. As 2 0 3 may be stand- 
ardized by means of this apparatus. The mirrors prepared vary dis- 
tinctly with a variation of o 005 rug. of As 2 Q 3 in the known solutions 
used and duplicate mirrors frOm equal quantities of As 2 0 3 agree quite 
as well as those illustrated in Sanger's paper. 

r.BORi'.E Washington University, Washington, I) C 

A COLORIMETRIC DETERMINATION OF MANGANESE IN THE 
PRESENCE OF IRON. 

By M R Schmidt. 

Received June 17, 1910 

The following method has been used by the writer for some time, and 
has been found to give uniform satisfaction in the determination of small 
quantities of manganese in the presence of iron, in certain pharmaceutical 
preparations, such as peptonates, sirup of hypophosphites, etc. No 
originality can be claimed for the method, as it was proposed several years 
ago by Walter, 3 but it is believed that the details of manipulation here 
given will lead to the greatest rapidity in attaining accurate results. 
The usual basic acetate method of separating manganese from iron re- 
quires, in order to effect complete separation, at least two precipitations 
of the iron, and subsequent evaporation of the filtrates in order to insure 
complete precipitation of the manganese by bromine or other reagents. 
This involves considerable loss of time, and when dealing with small 
quantities of manganese, the total experimental errors often amount to a 
considerable percentage of the weight of the manganese involved. The 
present method requires no previous removal of iron, and the results are 
accurate when the total manganese amounts only to a few milligrams. 
Moreover, duplicate determinations can be made in one-half hour. The 
determination depends on the power of the persulphates to convert 
bivalent manganese into permanganic acid in the presence of silver 
nitrate. 

A standard solution of manganese containing 2 mg. of manganese in 
each 10 cc. is found to be most convenient, and is prepared as follows: 
Run 182.1 cc. of exactly tenth-normal potassium permanganate solution 
into a liter flask, add about 100 cc. of 10 per cent, sulphuric acid and 
12 cc. of 3 per cent, hydrogen peroxide. Warm the flask slightly until the 
oxygen is driven off, cool again and dilute to the mark. Prepare also a 

1 This Journal, 32, 520 (1910). 

* Loc . cit. 

• Chem. News , 84, 239 (1901). 



96 6 


GENERAL, PHYSICAL AND INORGANIC. 


solution of silver nitrate, containing 20 grams of the salt in a lite^. 1 cc. 
of this solution must be used with each mg. of manganese present. 

To make a determination, remove 5 cc. of the unknown solution to a 
small beaker by a pipette. Dilute to about 100 cc., add 2 or 3 cc. of 
ether, and precipitate with ammonium sulphide. Warm the solution 
on the steam bath, stirring vigorously, and after the precipitate is settled 
filter through a small folded filter and wash thoroughly with water con- 
taining a little ammonium sulphide. Dissolve the precipitate on the 
filter with the smallest possible quantity of dilute sulphuric acid, collect- 
ing the filtrate and washings in a small Krlenmeyer flask. Boil to expel 
hydrogen sulphide, add a little nitric acid to oxidize the iron and then 
add one drop of silver nitrate solution. If a turbidity occurs, which 
indicates imperfect washing of the sulphides, add silver nitrate in very 
slight excess, boil again, and filter through a small dense filter into a 100 
cc. flask. To this solution, which should be perfectly clear, add 1 cc. of 
silver nitrate solution for each mg. of manganese which is presenf, fol- 
lowed by about 1 gram of ammonium persulphate, and place the flask on a 
steam bath. The contents soon turn yellow, then red, and in about one 
minute the purple color of permanganic acid is fully developed. * Cool 
the flask, fill to the mark, stopper and shake well. Into another ioo cc. 
flask, introduce 10 cc. of the standard manganese solution, and about 
20 cc. of dilute sulphuric acid. Add 2 cc. of the silver nitrate solution 
and 1 gram of ammonium persulphate, and proceed exactly as with the 
unknown solution. Fill a burette with the latter, and fill one of two 
comparison tubes, which must be of the same diameter, with a portion 
of the standard permanganic acid solution. Fill another burette with 
distilled water, run about 10 cc. of the unknown solution into the second 
comparison tube, and dilute with water until the color is equal in in- 
tensity to that of the standard solution, viewing the tubes from the side. 
Suppose, for instance, that 12 cc. of the unknown permanganic acid 
solution were taken and 18 cc. of water added. This solution, of the 
same intensity as the standard solution, is of the same strength, and 
contains 0.02 mg. in 1 cc. or, (12 4 * 18) X 0.02 = 0.60 mg. in all. This is 
equivalent to 12 cc. of the original solution, which therefore contains 
5 mg. manganese, derived from 5 cc. of the original preparation, giving a 
percentage of 0.10. 

It is found at times that the oxidation of the manganese is only partial, 
and the solution, instead of becoming purple, is clouded by a brown 
precipitate of manganese dioxide. In such cases, add a few mg. of sodium 
sulphite or bisulphite, or a few drops of sulphurous acid solution, until 
the solution becomes clear again. Then add more silver solution, and 
another portion of ammonium persulphate and warm again. 
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. The ether used when precipitating the sulphides has the effect of caus- 
ing the precipitate to settle quite rapidly. 

Following are results obtained in duplicate determinations of several 
preparations. In all of these p reparations iron was present in amounts 
*from 3-5 times the amount of manganese. 

1 cc contains 
mtlli£iam Mu. 

! ro.205 

I o 243 

, J o 1468 

to 1520 


< '> 723 

' O 588 

\ o 606 

In order to test the accuracy of the method, 0.6316 gram of crystallized 
manganous sulphate, free from cfiloresccd portions, was dissolved in 
250 cc. of water, 10 cc. of this were taken, and after oxidation diluted to 
200 cc. 

On comparing with the usual standard, the 200 cc. were found to con- 
tain 6.392 mg. of manganese, corresponding to 0.6505 gram of manganous 
sulphate originally, or 102.9 I )er cent. To another 10 cc. of the original 
solution, 1 gram of iron alum was added and the manganese determined 
as before. In this case 6 178 mg. of manganese were indicated in the 
10 cc., coriesponding to 99.2 per cent, of theory. Here the concentra- 
tion of the iron was roughly 20 times that of the manganese. 

Hie method has already been applied to the determination of manganese 
in rocks, 1 and .should prove excellent for determining manganese in 
waters. 

I y AHORATOR\ Ol .SHARP & llOHWE. 


NOTES. 

The Chemical Laboratory of the University of Washington , — The Uni- 
versity of Washington on April 16, 1910, formally opened for use a new 
chemical laboratory which cost when completed a total of $230,000. 
This building is of concrete and steel construction and is three stories in 
height. The design of the building was made by the architects of the 
Alaska-Yukon-Pacifie Exposition according to drafts prepared by the 
writer after his visit to all the modem laboratories of Europe and America. 
It contains certain features of construction which may be of interest to 
those chemists who are contemplating erection of buildings or equipment 
of laboratories. A drawing of the general floor plan of the building 
accompanies this note. 

1 Hillebrand, Bull. 305, U. S. G. S., p. 99 (1907). 
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It will be observed that the offices and classrooms occupy the central 
portions of the building and the laboratories the outlying wings. The 
main laboratories, 12 in number, are separated by a line of flues extending 
from the basement to a tunnel immediately beneath the roof. These two 
lines of flues are exhausted by large fans run with a common motor. It 
will be seen also that this plan involves the use of light from only one end 



Fig. 1. 


and side of each laboratory, the hoods occupying the one long side of each 
laboratory. This plan would have been attempted with some hesitancy 
had it not been for the unqualified satisfaction expressed by Professor 
Witt in Charlottenberg with the side lighted laboratories. It is with 
considerable satisfaction that we find the result of this construction is an 
eminently satisfactory lighting and ventilating system — both work 
admirably. 

A second feature of the laboratory is the use of alberene stone, e£- 
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clusively, for sinks and for the floors of the hoods. Only two types of 
desks were provided for the laboratory. These desks are primarily, for 
general chemistry, type 1; and quantitative work, type 2. It is type 2 



which varies most from the common laboratory construction and which 
has proven the most satisfactory. This is illustrated in Fig. 2. All 
stopcocks are operated by a long arm control situated immediately beneath 
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the ledge of the desks. No obstruction is therefore placed upon the 
tables except the gas and water outlets. The table tops are finished 
with the aniline black finish recommended by the United States Bureau of 
Chemistry. The table tops are of Washington fir and similar tables 
have been in use in this university for six years without needing either 
refinishing or repairing. 

The pressure system and the hydrogen-sulphide system reach the 
hoods’ only, which also are furnished with gas and water. The hydrogen- 
sulphide generating apparatus is situated without the building on the 
roof. It is of the general type used by Professor Fischer, of the Uni- 
versity of Berlin, and is not wholly satisfactory. The air-pressure system 
is automatic and varies between 45 and 15 pounds in the compressor, 
being delivered into the laboratory at a uniform pressure of 15 
pounds. We find this most satisfactory for blast lamps. 

One item of construction has proven highly satisfactory. The main 
lecture room, as shown in Fig. 1, opens directly into the stockroyn, the 
rear half of which is equipped as a preparation room for the lecture. 
Back of the lecture table is a hood slightly raised above the level of the 
table, opening both into the stockroom and lecture room, and ventilated 
by a separate one-horse power motor. This makes the disposition of 
ill-smelling or poisonous materials extremely easy and effective. The 
lecture table is practically an exact duplicate of that of Professor Beck- 
mann of the University of Leipsic. 

The stock rooms occupy a tier of three rooms, one on each floor, in the 
exact center of the building and are connected both by an elevator and an 
internal stairway. An excellent feature is a large room 40 by 60 feet with 
concrete floor covered with aspfialt and brick walls and concrete pillars, 
which is for the machinery used in the laboratory, such as grinding 
machines, filter presses, cement testing material, stills, etc. ; in general 
those operations which are carried out on a large scale and are likely to be 
either dirty or dangerous. 

The main hall in two floors of the building is equipped with a very 
complete “ first aid to the injured" set of materials. These cases are 
always open and have on them simple directions for emergency surgery. 
These have already shown their great value as time and trouble savers as 
well as guaranteeing a certain immunity from serious injury. 

The department is also equipped with a departmental library, which 
promises to be eminently satisfactory. 

We have made certain mistakes in the construction of the laboratory, 
of course, and were limited financially and so prevented from putting in 
certain desirable features, for example, an exhaust system for filtration. 
Taken all in all, however, the laboratory is a source of great satis* 
faction and considerable pride on the part of the writer and he will be 
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glad to do whatever he can in assisting others to profit both by our suc- 
cesses and failures. H. G. Byers. 

A Modified Burette for Standard Alkali Solutions. Glass stoppered 
burettes oiler serious obstacles to their constant employment for stand- 
ard solutions of caustic alkalis. The tendency of the stopcock to stick, 
rapid wear, resulting in leakage, or breaking of the cock or of the shell, 
and other difficulties constitute serious objections to this form of burette 
for caustic alkali solutions. The type of burette in which a glass tip is 
connected to the burette by means of a rubber tube, the llow being con- 
trolled by a pinchcock or a glass ball, is an alternative which is still in 
considerable use, but the objection to this type on the ground of inac- 
curacy is well understood, and the United States Bureau of Standards 
will not calibrate such burettes. 

It occuired to the writer that the substitution of metal for glass for 
the movable part of the stopcock might overcome the difficulty and 
that of the metals adapted to this purpose, silver might perhaps be pre- 
ferable both because of its fairly good resisting powers towards caustic 
alkali, as well as on the ground of reasonable cost. Accordingly, a burette 
fitted with a siher stopcock was tried by filling with half-normal potas- 
sium hydroxide solution and allowing to stand for a week. The stopcock 
did not show the slightest sign of sticking or leakage. The burette was 
then emptied and filled with 30 per cent, sodium hydroxide solution and 
in the course of several weeks the stopcock was operated several times 
nearly every day. The stopcock is still apparently in as good condition 
as when first received, although it has not been lubricated again since it 
was first put into use. This stopcock was made for the writer by tire 
Bauseh & Lomb Optical Company, of Rochester, New York. 

Paue Rudnick. 

Chemical Uasomatohy of Armour and Company, 

CHICAGO, If 1.. 


The Purification of Mercury , — The accompanying cut is of an apparatus 
which has been used by the writer in the Harvard laboratory for more 
than a year, and he believes it possesses several advantages over the 
original apparatus of L. Meyer, 1 and, perhaps, over a somewhat similar 
modification of the original by Hildebrand 2 in that large quantities of 
mercury can be rapidly and thoroughly freed from those substances 
which are likely to occur in it and which dissolve in dilute nitric acid or 
in mercurous nitrate. 

The method of Meyer is so familiar to every one that details are unneces- 
sary. The writer uses a 5 cm. tube, 1.5 m. long. He finds that 8 per 

1 Z. anal. Chem. t a, 241. 

* This Journal, 31, 933. 
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cent, acid is better than the more dilute solution 
recommended by Meyer. 

The mercury is atomized by forcing it through 
chamois skin tightly stretched over the end of a 25 
mm. tube and bound fast by means of a cord. This 
large tube is drawn down sharply as shown in the 
figure and sealed to a 5 mm. tube which is attached 
to the T-tube of the aspirator bottle. It is so ad- 
justed that the atomizing skin is about 15 mm. above 
the surface of the acid, and the pressure of the mer- 
cury is so regulated by means of the screw pinchcock 
as to make the fine streams just continuous, otherwise 
the skin may be so distended as to become hemi- 
spherical, in which event some of the mercury may 
be sprayed on the sides of the tube and collect in 
small drops. * 

The object of the upper aspirator bottle and filter, 
precisely like the lower one, is to increase the capac- 
ity of the reservoir and to remove solid particles 
which tend to clog the pores of the atomizing skin. 

In offering the above suggestion the writer lays little 
claim to originality. It is but a slight modification of 
a time-honored method, but he does claim that in his 
hands it works far more rapidly, requires no attention, 
and the product obtained by. one passage through the acid is much purer 
than by the original method, and he trusts that others may have a like 
experience with it. C. J. Moore. 

Cambridge, Ma*s 

On the Preparation of a Cuprous Nitrate , CuNO r 2 NH 3 - — Cuprous 
nitrate, of the formula CuN0 3 .2NH„ was prepared as follows: 

A glass tube of two arms, the one carrying a stopcock, was drawn out 
as shown in Fig. 1. An approximately weighed amount of dried cupric 
nitrate of the formula CuCNO^^NHg 1 was introduced into the arm A 
and the stopcock attached to a cylinder of dried ammonia. Ammonia 
was then passed through both arms and A sealed off. A piece of bright 
copper foil was then introduced into R and the arm sealed off at the lower 
end. 

Ammonia was now distilled into A under pressure (A was placed in ice 
water for this purpose) until nearly full. The solution of cupric nitrate 

1 Cu(NO,) 2 .NHj is easily prepared by supersaturating an aqueous cupric nitrate 
solution with ammonia, when it crystallizes out, and may then be washed and dried 
Olier sulphuric acid. It is a stable salt in contact with the air, and is very soluble in 
ammonia 
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was then poured over into B. A was washed free of cupric nitrate by 
distilling some ammonia over from B, and then pouring it back again. 
This was repeated until no color was obtained in A. The solution was 
then allowed to stand in contact with the copper foil until the color of 
deep blue gave way to a practically colorless solution. 

The solution was then transferied to A, and B washed by repeated 
distillations of the ammonia from A to B, and 
then pouring back into A. The ammonia was 
then allowed to gradually distil off through the 
stopcock. As the solution concentrated, the 
cuprous nitrate crystallized out. A was then 
sealed off, evacuated, and weighed. The salt 
was then dissolved in dilute nitric acid, washed 
out, and the copper determined electrolytically. 

The tube was dried, evacuated and weighed. 

The weight of the crystallized salt was 0.5786 
gram ; weight of copper 0.2292 gram, giving39.6i 
per cent, copper, in fair agreement with the 
formula CuN0 3 .2NII 3 which requires -f 39.86 
per cent. The increased weight of salt obtained 
corresponds (weighings of cupric nitrate and 
copper foil approximate) to the loss of weight in the copper foil. 

The salts obtained were not entirely pure. A few blue crystals separated 
out with the colorless cuprous nitrate, showing the presence of a little 
cupric nitrate. This could not be separated owing to their similar solu- 
bility. Possibly this could be avoided by using more elaborate ap- 
paratus, but it seemed as if there was a point of equilibrium reached when 
the cupric nitrate was nearly reduced. The salt is not stable in the air, 
oxidizing very rapidly. 

A recent analysis of another sample* by Mr. G. H. Bohart, of this 
laboratory, in which the nitiogen was also determined, gave practically 
the same result for the copper content, and also agreed very closely with 
the theoretical nitrogen content for the above formula. 

The preparation of the above salt was suggested by Prof. E. C. Franklin. 

W. H. Sloan. 



[Contribution from the Chemical Laboratory of the Massachusetts Institute 

of Tech.] 

THE CONDENSATION OF SOME PRIMARY AROMATIC AMINES 
WITH CHLORAL-ANILINE. 

By Stroud Jordan. 

Received June 10, 1910 

It hasjbeen known for a long time that when one molecule of an amine, 
as aniline , is b'rotfght in contact with one molecule of an aldehyde, as 
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chloral, an addition product will be formed, but if the amine is increased 
to two molecules while the aldehyde is kept constant at one molecule a 
condensation product will be formed and a molecule of water will be 
eliminated. 1 Further than this, no definite relationship has been estab- 
lished between these two reactions, so that the purpose of this paper 
will be to point out some of the relations existing between these two re- 
actions and their products. 

It has been shown in the following work that it is possible to form a 
condensation product by the action of one molecule of a free amine with 
one molecule of an addition product, without the presence of free chloral. 
It has also been shown that it is possible to form a condensation product 
in which two unlike amines will be joined to the same chloral residue, 
by the action of one molecule of a free amine with the addition product 
of chloral and an unlike amine. By these two experiments it has been 
shown that the addition product can be an intermediate step in the forma- 
tion of the condensation product and that it will change over into the* 
condensation product upon the addition of an excess of a free amine. 

The products which will be studied in the following work are: 

First, the condensation of aniline with chloral-aniline, and 

Second , the condensation of 1,3,4-nitrotoluidine with chloral-aniline. 
In this second product it will be noticed that it was very difficult to 
prepare a pure sample of the condensation product, on account of the 
ease with which it decomposed in nearly every solvent. This decomposi- 
tion product was proved to be 5-chlorine-3~nitro-4-toluidine and this 
work will be taken up later, in this laboratory, as a probable method 
of chlorination for the aromatic amines. This work will also be followed 
up later to determine the rate of reaction and also as a study of inter- 
mediate reactions. 

Experimental. 

The Condensation of Aniline with Chloral-aniline . — For this prepara- 
tion eight grams of the freshly prepared addition product were dissolved 
in one hundred cc. of 95 per cent, alcohol and to this were added three 
grams of pure aniline after which the whole mass was heated up to boil- 
ing and then allowed to stand for six hours. This gave a light yellow 
solution which crystallized out, on evaporation over a water bath. This 
crude compound consists of yellowish crystal masses which melted at 
98-100°, but after two crystallizations from alcohol and petroleum ether 
it gave pure, white needles, melting at 107-8°. This compound was 
proved to be the condensation product, by making its hydrochloride 
and hydrobromide, by the melting point of the aceto derivative, by its 
crystalline form and melting point and by the detection of free aniline 
and chloral, when the ' condensation product was decomposed. 



CONDENSATION OR SOME PRIMARY AROMATIC AMINES. 975 

From the above reactions it may be concluded that the condensation 
of aniline and chloral may be made by the interaction of one molecule 
of aniline with one molecule of chloral-aniline, thus dividing the con- 
densation reaction into two steps: C 0 H 5 NH 2 -f CCl 3 CHO = C 0 H 6 NH — 
CCl.CHOH, and CJI 5 NH-~CC 1 3 CH 0 H + C 6 H 5 NH 2 - (C U H 5 NH) 2 CC 1 3 CH 

+ h 2 o. 

The Condensation oj i ,3,4 -Nitrotoluidine with Chloral-aniline. — For 
this preparation one and one-half grams of aniline and two and one- 
half grams of chloral were brought together in an open vessel, without 
the presence of a solvent. The temperature was never allowed to ex- 
ceed 40° so that no water would be driven out from the reaction, thus 
guarding against the formation of any condensation product. This re- 
action gave the addition product of aniline and chloral, described by 
A. Eibner. 1 To this addition product were added two and six-tenths 
grams of 1,3,4-nitrotoluidine, which had been previously dissolved in 
one hundred cc. of benzene, after which the whole mass was heated 
at a slow boiling temperature for two and one-half hours, under a reflux 
condenser. This solution was then filtered off from any byproduct that 
might be present and the clear benzene solution was allowed to crystal- 
lize out, which gave a yield of six and two- tenths grams of a crude product 
melting at 90-6°, being approximately a 95 per cent, yield of the theo- 
retical amount of condensation product which should have been formed 
by this reaction. The crude product, obtained in this manner, was puri- 
fied by crystallization from benzene at room temperature, raising the 
melting point to 98-9°. This compound crystallized from benzene in 
light, yellowish-brown, crystal masses which crawled up the sides of the 
beaker. It was easily soluble in alcohol, acetic acid, acetone, benzene, 
ether and toluene, but not so soluble in gasoline, petroleum ether and 
ligroin. 

Three analyses of this compound, for chlorine, gave: 28.44, 27.45 and 
28.07 P er cent. Cl, calculated for C 1& H U N 3 0 2 C 1 3 , 2S40 per cent. 

This condensation product was apparently unaffected when treated 
with water, either hot or cold, for only a slight amount of decomposi- 
tion was ever noticed, but when it was treated with concentrated hydro- 
chloric acid a mixture of aniline hydrochloride, nitrotoluidine hydro- 
chloride and free chloral was obtained. These compounds were recog- 
nized by making the hydrochloric acid solution alkaline with sodium 
hydroxide and distilling with steam. The aniline came over in the first 
distillate, mixed with a little nitrotoluidine, while the nitrotoluidine re- 
mained behind in the distilling flask, mixed with a little aniline. These 
two compounds were proved to be present by their behavior with acids, 
melting points and other derivatives. The toluidine gave a melting 
1 Ann., 302, 340-80 (1898). 
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point of 78° and formed a hydrochloride which decomposed at 230-4 0 , 
while the aniline gave the characteristic phenyl isocyanide odor and an 
acid derivative with hydrochloric acid, which was proved to be the hy- 
drochloride of aniline. 

When bromine was added to a glacial acetic acid solution of the con- 
densation product it reacted very vigorously, forming a white, crystal- 
line precipitate and liberating chloral. This bromine derivative was 
proved to be a mixture of the aniline and nitrotoluidine hydrobromides 
and some of the higher bromine derivatives, by making it alkaline with 
sodium hydroxide and distilling with steam. Free aniline was the first 
to come over with the steam and was recognized by making its hydro- 
chloride and acetyl derivative. The nitrotoluidine remained behind 
in the distillation flask and was recognized by its melting point and the 
decomposition point of its hydrochloride. The separation of these two 
amines was not complete, for there was always a trace of the nitrotolui- 
dine in the aniline distillate and the residue, left in the distillation flask* 
was mixed with some of the higher bromine derivatives and some free 
aniline. 

* 

A molecular weight determination was next made, using glacial acetic 
acid as a solvent, but there was always an error, due to the fact that 
the condensation product was unstable and would break down into 5-chlo- 
rine-3-nitro-4-toluidine. While this decomposition was very slight, it 
was sufficient to keep the molecular weight low and the best result that 
was obtained, by the freezing point method, was 348. +. The theo- 
retical molecular weight for this compound should be 374.4-. This 
molecular weight will show, however, which of the three following possi- 
bilities this compound really is : 


Substance 

M P 

M W 

Percent. Cl. 

Color. 

Form. 

The condensation of aniline 

and chloral 

The condensation of nitro- 

107-8° 

3*5 35 

33 - 7-2 

White 

Needles 

toluidine and chloral 

IO8-9 ° 

433 35 

24.52 . 

Golden 

yellow 

Needles 


Found. 

Found. 

Fouud. 

Found. 


The condensation of aniline, 






chloral and nitrotoluidine. . 

98-9° 

348 

28.44 

Yellowish 

Masses 



Theoret. 

Theoret. 





374-35 

28.40 




In considering the Two possibilities with which the mixed-type con- 
densation has been compared it has been assumed that when the nitro- 
toluidine is added to the addition product of aniline and chloral either 
a mfcced-type condensation has been formed or a reaction has taken place 
causing the addition product to change over into a simple condensation 
product with the liberation of half of the chloral and one molecule of a 
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free amine, either aniline or nitrotoluidine. No mention has been made 
of the possibility of a mixture which would contain the condensations of 
aniline and chloral and nitrotoluidine and chloral because the crude 
products, and also the purified products, which have been obtained 
by this work, have always shown very constant melting points and the 
behavior towards acids has always been the same. 

From the foregoing work it has, therefore, been concluded that the 
mixed-type condensation product has been prepared in which one mole- 
cule of aniline and one molecule of nitrotoluidine are condensed with 
one molecule of chloral, according to the following reactions: CCl 3 CHO -f 
C 0 H 5 NH 2 - CCI 3 CIIOH NHC 0 H r „ and CCl 3 CHOH NHC 6 H 5 + C 7 H 6 N 2 0 2 - 
C u II| 4 N s 0 3 C1 8 + h 2 o. 

The subsequent decomposition of this condensation product, giving 
5 -chlorine- 3 -nitro- 4 -toluidine, would probably take place in the 
following two steps, for the reason that nitrotoluidine and chloral will 
form an addition product which breaks down into the same chloral de- 
rivative, without the presence of either free or combined aniline: 
C 16 H 14 N 3 0 2 C1 3 — * CCI 3 CHOII. NHC c H 3 N0 2 C1 ] 8 + QH 5 NH 2 , and 

CCl a CHOH . NHC q H 3 N0 2 CH 9 4 HC1 — > C 7 II 8 N 2 0 2 C1 + aldehyde de- 
rivative. 

Boston, Mass 


THE DETERMINATION OF TOTAL SULPHUR IN ORGANIC MATTER. 

BY HLKMAN SCHKHIHER 

Received June 7, 1910. 

Introduction. 

A great many methods have been proposed for the determination of 
total sulphur in organic matter, but probably only two of these are either 
easy to manipulate or accurate, namely, the Barlow-Tollen , 1 or absolute 
method, and the Osborne , 2 or peroxide method. When the latter is 
applied to solid material, however, it leaves much to be desired in the 
way of ease of manipulation and speed, and has absolutely no claim to 
exactness of detail. It is true that the water used for moistening the 
sample is measured and the sodium carbonate is weighed, but the amount 
of sodium peroxide added varies with the material analyzed and w f ith 
the rate at which the reagent is added. The amount of acid which must 
be added after fusion is also an unknown factor; it varies in each case 
which necessitates making the solution alkaline again, and then acid. 
These, however, are not all of the difficulties encountered. The fusions 
have a tendency to bum and blow out of the crucible, and this happens 
most frequently when the determinations must be rapidly made, for the 

1 This Journal, a6, 341 (1904). 

1 U. S. Dept. Agr.* Bureau of Chemistry Bull . 107, revised, p. 23. 
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peroxide method has a dignity all its own and will brook no haste or im- 
patience.^, All of these objections were keenly realized when it became 
necessary to make^about 100 sulphur determinations in a recent research. 
ft An ideal method for this determination should embody several features : 
First, it must not call for excessive amounts of reagents, nor such as will 
interfere with the precipitation of the barium sulphate or contaminate 
the precipitate; second, the reagents employed must serve two purposes, 
they must destroy all of the organic matter and all of the sulphur must be 
fixed and oxidized to sulphate; third, the method must be fairly rapid and 
not require a large amount of practice, so that an analyst can make the 
determination from time to time without great delay and difficulty. 

It is difficult to outline a method which will meet all of these conditions, 
but after making quite a number of experiments the following procedure 
was evolved, which seems to fulfil the requirements more nearly than the 
peroxide method. 

The Proposed Method. . / 

Weigh i gram of material in a nickel crucible of ioo cc. capacity, add 
io cc. of a solution made by dissolving ioo grams of sodium titrate and 
150 grams of sodium hydroxide in 500 cc. of water. Then add 5 grams of 
crystallized magnesium nitrate and stir with a platinum rod, making 
sure that the mass is thoroughly mixed and that the sample is broken up 
as much as possible. Wash down the material adhering to the stirring 
rod and sides of the crucible with the smallest possible amount of water. 
(This is essential since the addition of much water will prolong the subse- 
quent heating unnecessarily.) Heat for one hour on a hot plate covered 
with a thin sheet of asbestos paper, keeping the temperature at about 
130°. Then put the cover on the crucible, tilting it in such a fashion as 
to leave an opening for the steam to escape and heat further for one hour 
at from 150-160°, or until the material is entirely dry. If the fusions 
begin to bump, lower the heat so that the covers will not be jarred down 
tight on the crucibles, and the material lost by frothing. When the mass 
is entirely dry, put the covers on tight and heat gradually until the tem- 
perature reaches 180 0 , then heat for thirty-five minutes, maintaining the 
temperature at about 180-200°. These temperatures were determined 
by laying the thermometer down on the hot plate. 

Now set the crucible (with the cover on tight) into a round hole in a 
piece of asbestos board, so that about 1.5 inches of the lower part of the 
crucible shall project below the asbestos board as Lunge 1 has directed, 
the asbestos board to be laid flat. Heat with the Bunsen burner for half 
an hour, allowing the flame to just touch the bottom of the crucible 
during the first fifteen minutes, and then with the full heat during the 
last fifteen minutes, (Never let the inner cone of the Bunsen burner 
1 Chemisch-Technische Untersuclmng * Methodcn , 1, 428 (1904). 
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strike the crucible.) During the first five minutes of heating with the 
full flame keep the crucible in an upright position, then remove the cover 
and tilt the crucible so as to fuse any material which may have crept up 
the sides. Then return the crucible to the upright position, replace the 
cover, and heat for five minutes more. When the fusion has solidified, 
and before it has entirely cooled, place the crucible in a 600 cc. beaker 
with 150 cc. of distilled water and cover with a watch glass. Put the 
crucible cover in the beaker, beside the crucible, and slightly rotate and 
tilt the beaker so that all parts of the crucible shall be touched by the 
water. Run in 13 cc. of hydrochloric acid (specific gravity r.19) from a 
burette and again rotate the beaker slightly. Tip the crucible so that 
the other side comes in contact with the acid liquor, allow it to stand a 
few minutes, and remove the crucible and cover, washing the liquid 
adhering to them back into the beaker by means of distilled water. Any 
fused material adhering to the sides of the crucible can easily be removed 
with a stirring rod. ' Place the beaker on the steam bath and heat for 
about half an hour and then let it stand in the cold over night. Filter 
and wash the insoluble residue. Heat the filtrate on the steam bath or 
otherwise, and precipitate with a 10 per cent, barium chloride solution. 

In all of the determinations here reported the solutions were precipitated 
by heating on the steam bath, adding 10 cc. of barium chloride to the 
solution quickly, and stirring as soon as the precipitate began to form. 
After adding the barium chloride the solutions were allowed to remain 
on the steam bath about one hour, and were then removed to the table 
and stood in the cold over night, after replacing any water lost by evapora- 
tion. All filtrations, except the solution of the fusions of the barium 
sulphate with sodium carbonate, were filtered through S and S blue ribbon 
filter paper. The fusions of the barium sulphate were* filtered through 
white ribbon filter paper and all precipitates were washed with cold water. 

In this method a crucible loses from 0.3-1. 3 grams of its weight in 
each determination, an average of 0.9 gram as calculated from 20 deter- 
minations. By the peroxide method the crucible loses from 1.2-2 grams 
of its weight in a fusion, an average of 1.4 grams based on 13 determina- 
tions. Using a griddle hot-plate, 14 by 18 inches, 18 fusions can easily 
be made in a day. The only way in which a determination can be lost 
is by heating too rapidly on the hot-plate, thus causing it to boil over or 
spatter. 

Description of Samples and Analytical Results. 

Total sulphur was determined by both the peroxide method and the 
proposed method on five samples of dried white of eggs, three of which 
were made from the same lot of eggs by boiling with various amounts of 
copper sulphate, washing free of copper, and drying and grinding; one 
was a sample of commercial dried albumin; and one was the white of eggs 
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boiled in the shell, dried, and ground. Sulphur was also determined on 
four samples of mustard seed, and one sample of ground mustard. A is 
pure white mustard, B is black mustard containing 64 per cent, of char- 
lock, C is commercial ground mustard, D is pure brown mustard, and E is 
commercial ground seed. These samples were furnished by the Micro- 
chemical Laboratory. Sulphur was also determined on five samples of 
vulcanized rubber furnished by the Contracts Laboratory. 

The 60 determinations were made without repeating any, except No. 
8136, unless a loss occurred by the leaking of the crucible. This hap- 
pened in three instances only, so that the work represents fairly well the 
results which the two methods will give under the same conditions with- 
out repetition and selection of results. Twelve determinations were 
made at a time with each kind of material, two determinations on each 
sample, and two blanks. The results obtained are given in Table 1. 
The peroxide fusions were not hurried, but were allowed to fuse for three 
or four hours. No. 8136 is a sample of rubber tubing which was 4 tiot 
ground very finely, and which had been found to contain about 50 per 
cent, of free sulphur. These facts probably account for the discrepancies 
in the determination. 

Discussion of Results. 

Skinner 1 comparing the Barlow-Tollen’s and peroxide methods found 
that the latter gave slightly higher results in five out of seven cases, the 
difference averaging about + 0.11 per cent, of S 0 4 or +0.036 per cent, of 
sulphur. The proposed method gives sulphur results about o. 1 per cent, 
lower than the peroxide method, the average of the 12 values which 
were lower by the proposed method would thus be about 0.064 per cent, 
less than by the absolute method. Both of these discrepancies are well 
within the experimental error. Also it should be noted that the difference 
between the figures obtained by fusing the barium sulphate in the peroxide 
method and reprecipitating, and those resulting from the first precipita- 
tion by the proposed method (as given in columns B and C, Table 1) 
varies from — 0.04 to +0.11 per cent. In six out of twelve cases the 
figures obtained by the first precipitation in the proposed method are 
nearer the values obtained by fusing and reprecipitating the barium 
sulphate in the peroxide method than they are to the results of the first 
precipitation in the peroxide method. The peroxide method gives a 
very high blank as compared to the proposed method; with the former 
this blank amounted to from 0.009-0.0028 per cent, of sulphur and in the 
latter it amounts to from 0-0.0007 per cent. As the blanks by the peroxide 
method are very high an error would be introduced if they were not run 
in each set. This is very clearly demonstrated in the determinations of 
sulphur in sulphuric acid solutions as given in Table 2. 

1 U. S. Dept. Agr., Bureau of Chemistry, Bull . x*6, p. 93. 
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Sulphuric Acid Solutions. 

To determine the effect of the salts in solution on the precipitation of 
sulphuric acid, fusions were made by the peroxide method and by the 
proposed method, definite volumes of dilute sulphuric acid being added 
to the solutions and blanks run at the same time. The fusions were made 
exactly as in the case of the total sulphur determinations given in Table 1. 
Then they were dissolved, an excess of 2 cc. of hydrochloric acid was 
added, the solution was filtered, and the measured amount of dilute 
sulphuric acid added. The sulphuric acid was precipitated with barium 
chloride solution in the same manner as in the other determinations. 
The results are given in Table 2. 

Table 2 — Determination ok Sulphur in Dilute Sulphuric Acid Solutions by 

Four Different Methods. 

By piecipi- 
tating irom 



distilled water 

By weighing 

By precipitating from a 


after adding 

2 cc excels 

as ammo- 
nium sul- 

solution containing a fusion. 


of conceit- 

phate bv 

By the 

By the 

Quantity of solution used 

trated hydro- f 

LungeS 

proposed 

peroxide 

chloric acid 

method 

method. 

method. 

cc 

Oram, 

G ra m 

Gram 

Gram. 

10 of solution A ... 

Jo. 0140 
0141 

O.OI42 

O.OI41 

O.OI27 


O 0142 

O OI41 

O.OI47 

? 5 of solution A . . 

Jo. 0352 

O.O35O 

0.0362 

O 0340 

)o 0351 

O 0349 

O 0361 

OO355 

10 ot solution B 

jo 0799 

O 0795 

O 0832 

0.0811 

\o 0800 

O 0796 

0.0832 

O 0805 

Blanks 1 



O.OOOI 

O.OO24 


The proposed method gives results 0.1 per cent, too high when 3.5 
per cent, of sulphur is in solution and 0.3 per cent, too high when 8 per 
cent, of sulphur is present. This occlusion of salts evidently compensates 
for an error which would cause the result to be low, as can be seen from 
Table 1 and the experimental data. 

Lunge and Stierling 2 found that in the precipitations of sulphuric 
acid in aqueous solution and in the presence of wSalts, the quick ad- 
dition of the barium chloride solution gave erroneous data in aqueous 
solution and correct results in the presence of salts while the slow ad- 
dition of the precipitant gave just the opposite. 

The proposed method employs about 7.6 grams of salt (calculated as 
chlorides) and the peroxide method 15 grams or more. 

1 Corrected for in values given. 

1 See also Allen and Johnston, This Journal, 32, 617, where they state, "A 
very good uncorrected determination may be obtained by precipitating rapidly but 
it is due to partial compensation of variable errors, and is not in any case so reliable 
as one which is made by slow precipitation and corrected as described ” This agrees 
with Lunge and Stirling's conclusion on page 350 of their article, 6th Intern. Con- 
gress Applied Chem., 1906, p. 347. 
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Preliminary Experiments. 

The preliminary experimental work leading up to this method con- 
sisted in testing the various reagents which have been proposed in methods 
for the determination of sulphur, varying the temperature, reagents, 
and time and manner of treatment. The 22 experiments made involved 
160 single determinations exclusive of those that were lost on account of 
faulty manipulation, or seemed valueless from the nature of the reaction. 

Determinations were made by using mixtures of reagents composed of 
from T.25-3 grams of sodium hydroxide, 5-15 cc. of water, 0.5-1 gram of 
sodium carbonate, 1-2 grams of sodium nitrate, 1-3 grams of magnesium 
oxide, and from 3-10 grams of crystallized magnesium nitrite. 

The treatment of the material with the reagents varied from drying 
on tht steam bath and burning to heating at from 80-230° for from one 
and a half to five hours before burning. By these means values were 
obtained which ranged, for instance, from 1.13-1.45 per cent, of sulphur 
on a sample which contained 1.56 per cent, by the peroxide metffod,, 
and from 3.01-4.50 per cent, on a rubber containing 4.17 per cent, by the 
peroxide method. Of 75 determinations, each the average of two dupli- 
cates, the peroxide value was the highest except in three instances. When 
the preliminary heating was continued for from two and a half to five 
hours, rising above 175° for at least thirty minutes of that time, it was 
noticed that the values usually approached the peroxide value by o. 1 per 
cent. 

These preliminary determinations ail indicate that adding reagents in 
solution, drying, and then ashing causes a loss of sulphur and that the 
substance must receive a definite preliminary heating before the sulphur 
can be absorbed by the alkaline reagent. This was noted after repeated 
experiments had been made with modifications of Eschka’s method and 
it seemed probable that when the alkaline reagent was added in solution, 
the mixture dried down, and a coating consisting of an alkaline oxidizing 
medium was formed, all of the sulphur would be absorbed. This idea 
was substantiated by subsequent experiments. 

Potassium salts were not tried in any of the experiments as Lunge and 
Stierling 1 have found that potassium chloride dissolves twice as much 

1 The determination of sulphuric acid by means of barium chloride in the presence 
of interfering substances. Report of the Sixth International Congress of Applied 
Chemistry, 1906, p. 347. Allen and Johnston, This Journal, 32, 606, state that the 
increased loss is due, not entirely to the slightly greater solubility of the barium 
sulphate in potassium chloride, but to the loss of “free sulphuric acid” from the 
precipitate on ignition or more exactly, the loss due to the volatilization of the "fiee 
‘sulphuric add” is greater than that due to the solubility of the barium sulphate in the 
potassium chloride present. However, in their article in J. Jnd. Eng. Ghent ., 2, 199 
they state that in rapid predpitation "the quantity of free sulphuric add is lowered 
and under certain conditions practically vanishes.” 
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barium sulphate as sodium chloride does. The use of sodium carbonate 
was discontinued after the twelfth experiment as Barlow 1 has shown 
tl^t as far as the absorption of sulphur is concerned soda can be omitted 
when magnesia is present. 

The values obtained by these different methods rarely approached 
those by the peroxide method nearer than 0.1 per cent., which suggested 
that the latter may be too high. It was therefore decided to examine 
a new lot of samples by the peroxide method, fuse the barium sulphate 
obtained with soda, reprecipitate, and determine the sulphur by the 
proposed method. The results obtained are given in Table 1. 

It appears that the first precipitation of the sulphuric acid by this 
method gives values very nearly approaching those obtained by fusing 
the barium sulphate obtained by the peroxide method and reprecipitating. 
The differences between the tvro sets of results thus obtained range from 
— 0.04 -f o.ir per cent, (an average of 0.04 per cent.) as given in the 
last column of Table 1 ; these differences are within the experimental 
error. 

THE INVERSION OF CANE SUGAR BY INVERTASE. V. THE DE- 
STRUCTION OF INVERTASE BY ACIDS, ALKALIS, 

AND HOT WATER. 

Bv C. S. Hudson and H S Patnk. 

Received June 15, 1910 

M easurevtents of the Rate of Destruction. — In a previous publication 2 
it was shown that invertase is destroyed by both acids and alkalis. At 
the temperature of 30° the destructive action became noticeable first 
at the acid concentration of 0.0 1 normal and rapidly increased with the 
acid strength, becoming almost instantaneous at 0.05 normal; the alkaline 
destruction began a little below 0.0 1 normal and became almost in- 
stantaneous at 0.045 normal. It is to be supposed that at lower tem- 
peratures these rates will all be smaller and that at such temperatures a 
stronger acidity or alkalinity will be required for a noticeable destructive 
action. On the other hand, at higher temperatures the rates of de- 
struction will doubtless be greater and the destructive action will be 
noticeable for weaker concentrations of acidity and alkalinity. At a 
sufficiently high temperature the acid* and alkaline ions of water itself 
will doubtless cause a noticeable destructive action of pure water on 
invertase. It has long been known that hot water destroys invertase 
and other enzymes; as these views appear to correlate this destruction 
by hot water with the destruction by acids and alkalis at low temperatures, 
measurements were made for the purpose of tracing the destructive 
1 Losses of sulphur on charring, This Journal, 26, 354 (1904). 

* This Journal, 3*» 774 (19 10 )• 
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action of these three agents at different temperatures, in order to learn 
in what manner the actions are related. The measurements were made 
by the procedure that was described in the former publication ; the results 
being recorded in Table i and shown graphically in Fig. i. The recorded 
rates of destruction are the velocity coefficients of the unimolecular 
destruction reaction, multiplied by i ,000, the units of measurement being 
minutes and decimal logarithms. 

Tabu* i. — Rates of Destruction of Invertase by Acids, Aekaus, and Water at 



Various Temperatures 



Concentration of 

Rate of 

Concentration of 

Rate of 

Temperature. hydrochloric acid. 

destruction. 

sodium hydrate. 

destruction. 


0.03 normal 

1 

0.03 normal 

2 


0.04 

3 

0 04 

5 

o° < 

0.06 

9 

0.05 

17 


0.08 

34 

0.06 

42 


0. 10 

99 

0.08 

125 


0.03 

3 

0.03 

/ 

9 

■ 5 ° . 

0.04 

10 

0.04 

38 


0.05 
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55 
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42 
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1 
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12 
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26 

0.02 
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0.025 
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j 
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7 

0.001 

14 

6o° \ 

0.0075 

18 

O.OO25 

146 

1 

O.OI 

152 

Distilled water 

X 




f 0.0001 

91 

, 0 j 

0.002 

233 j 



65° < 



1 0.0002 

210 


0.003 

301 ] 

[ Distilled water 

74 


The results may best be interpreted from a consideration of the figure; 
it is seen that as the temperature is raised the rate of destruction by 
acids and alkalis increases until finally at or about the temperature of 
6o° distilled water itself slowly destroys invertase, and at 65° the de- 
struction by water is quite rapid. It is evident that the destruction of 
invertase by hot water is due to the same cause as is its destruction by 
acids and alkalis. The latter reactions are doubtless hydrolyses of the 
complex enzyme molecule and it is therefore to be concluded that the 
destruction of invertase by hot water is caused by a hydrolysis of the enzyme. 
This conclusion doubtless applies to other enzymes also. As far as is 
known this is the first evidence offered to explain the cause of the well- 
known destruction of enzymes by hot water. This point of view ex- 




Fig. i. — The rales of destruction of invertase by acids, alkalis, and water, at 

various temperatures. 

The Influence of Temperature in Increasing the Rates of Destruction . — In 
Table 2 the rates of destruction in the same medium at different tem- 
peratures are compared, and in the last column the coefficient which 
shows how many fold the rate increases for io° rise in temperature is 
recorded. Some of the very large and very small rates do not agree with 
the general average in showing a coefficient of the value of 2-4, but the 
limits of error in these cases are larger. The average value of the coeffi- 
cient is 3.1, which agrees with the general observation that this factor 
for most chemical reactions varies between 2 and 4. The hydrolytic 
destruction of invertase by adds, alkalis, and hot water thus falls in with 
the common types of chemical reactions. 
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Table 2. — The Temperature Coefficient of the Destruction. 


Temperature 

interval. 

Concentration. 

Rates. 

Coefficient 
for io° rise. 

O-30 

0.04 HC 1 

3- 96 

3-2 

0-15 

0.06 HC 1 

9- 55 

33 

0-30 

0.03 NaOH 

2- 50 

2.9 

O-30 

0.04 NaOH 

5~245 

3.7 

0-15 

0.05 NaOH 

17-136 

4.0 

30-45 

0.02 HC 1 

5- 26 

3-0 

30-45 

0.01 NaOH 

3- 12 

2-5 

30-45 

0.02 NaOH 

11- 41 

2.4 


Average 3.1 

The Protective Action of Fructose against the Destruction of Invertase . — 
In a forthcoming article the authors will show the very marked effect of 
cane sugar in protecting invertase from destruction by alcohol; experi- 
ments are now described which show that fructose shares with cane 
sugar this remarkable property, and also protects invertase from* de- 
struction by acids and alkalis. The latter protective action has not 
yet been tested for cane sugar. The experiments were made by the 
usual procedure, the rate of destruction being measured first in the absence 
of fructose and then with it present in the concentrations of 2.7, 5.4, and 
10.9 per cent. The data are recorded in Table 3 and the action of fructose 
in protecting invertase from acid destruction is shown in Fig. 2. 

Table 3. — The Action of Fructose in Protecting Invertase from Destruction 
by Acids, Alkalis, and Hot Water. 



Concentration 

Concentration 

Rate of 

Temperature. 

of destroyer. 

of fructose. 

destruction. 




[ 0.0 

loo 

30 

.. 0.04 N HC 1 

I 

2.7 

5 *4 

26 

12 




l io *9 

2 




0.0 

IOO 

30 

.. 0.03 N NaOH 


2.7 

5 4 

3 

3 



l 

10.9 

4 




0.0 

100 

30 

. . 50 per ceat. alcohol 


2-7 

5*4 

1 

1 




10.9 

X 




0.0 

IOO 

6l 

. . Distilled water 


2*7 

1 5-4 

32 

16 




[ 10.9 

24 


The rates of destruction given in the table are expressed as per cent, 
of the rate for the destroyer when no fructose is present. The rates 
actually found when no fructose is present, expressed as velocity coeffi- 
cfents of tbfe ununotecular destruction reatftipn, using minutes and d&cfrnal 



THE INVERSION OE CANE SUGAR BY INVERTASE. 989 

logarithms, are 0.04 normal hydrochloric acid, 0.096; 0.03 normal sodium 
hydroxide, 0.050; 50 per cent, alcohol, 0.85; and water, 0.0052. 

It will be seen from the figure that the protective action of fructose 
in the case of hydrochloric acid is not at all proportional to the con- 
centration of the sugar but approaches a limiting value asymptotically. 
The limiting value for the protection seems to have been reached in the 
case of the alkaline solutions and the alcohol with only 2.7 per cent, 
fructose; this is probably also true for the protection from hot water 
because the measurements in this case are very difficult to perform ac- 
curately, and the values found- -32, 16, and 24 — do not differ far be- 
yond the possible error. 



Fio. 2. — The action of fructose in protecting invertase from destruction by add. 

These results on the protection of invertase by fructose can doubtless 
be interpreted best by assuming that the enzyme forms a combination with 
the sugar which is more resistant to the destructive action of acids, 
alkalis, hot water, and alcohol than is invertase itself. 

BUREAU OF CHBMISTRY, U. S. t>BFT. OF AGRICULTURE, 

Wabhiwqton, D. C. 



990 ORGANIC AND BIOLOGICAL. 

OUTLINE OF A THEORY OF ORGANIC CHEMISTRY FOUNDED ON 
THE LAW OF ENTROPY.* 

Hv AttTHVR Miciiail 
R eceived June 2?, 1910 

There appears to be no generalization in science more firmly estab- 
lished than the .second law of thermodynamics, which demands that 
every spontaneous chemical change shall be accompanied by an increase 
of entropy, and that the system shall endeavor to realize this increase 
to its maximum extent. 

Since the law of entropy represents the fundamental principle, under- 
lying and regulating all chemical phenomena occurring in nature, it must 
necessarily be the correct scientific basis for the theory of organic chemis- 
try. But it is a curious fact that there has been as yet little attempt 
to use this basic chemical principle in connection with organic theory; 
this theory has been developed along lines so mechanical in their eharac* 
ter that it is perhaps no exaggeration to speak of them as essentially 
pictorial. This unilateral, mechanical development is due largely to 
the interpretation of the phenomenon called valency; and, if we are to 
incorporate the law of entropy into chemical theory, it is here that our 
theoretical conceptions will require a radical modification. 

Before entering a discussion of the subject of valency, we shall men- 
tion a conception of the chemical genesis of matter, since it prepares the 
way for the theoretical views which follow. A simple hypothesis is to 
assume that cosmos was originally made up of two kinds of matter, 
which were the carriers of two kinds of chemical energy , 2 and that the 
temperature of the system was inconceivably low. Chemioal energy, 
as it now appears to us, exists in two conditions. One of these is freely 
and perfectly convertible into less active chemical energy and into various 
forms of physical energy ; and this less active chemical energy can be recon- 
verted into the active form only partially and then with comparative 
difficulty. We shall designate the active form free, the relatively inac- 
tive form, bound chemical energy , 8 and, as the transformations of 
chemical energy must have obeyed the law of entropy since the 
beginning of cosmos, the original corpuscles were exclusively carriers 
of free chemical energy, and the accumulation of bound chemical energy 
and the various fomfs of physical energy now existing have been grad- 
ually evolved from it. 

1 Address delivered at the Second Decennial Celebration of Clark University, 
Worcester, Mass., September 15,1909. 

8 To distinguish between them they will be called positive and negative, but this 
does not imply any connection with positive and negative electricity. 

8 The terms free and bound chemical energy, as here used, are not to be confused 
with the terms free and bound energy As used in physical chemistry, with which they* 
are not identical. 
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The permanence of the law of entropy justifies the conclusion that the 
chemical relations which existed between the corpuscles at the beginning 
were similar to those which now exist between the atoms and the mole- 
cules. We may, therefore, assume that the free chemical energy of unlike 
and like corpuscles united to form aggregations in which the corpuscles 
were held together by bound chemical energy. At first the chemical 
evolution of matter must have been accompanied by an enormous 
rise of temperature, but later, owing to the decreasing amount of free 
chemical energy in the cosmical system, a period must have come when 
the loss of heat through radiation was greater than its formation, and 
then the temperature of the system must have begun to decrease. We 
may assume, too, that the atoms of those elements, the molecules of which 
now show the greatest stability toward heat were formed first and dur- 
ing the hottest period of cosmical evolution. Hence, the atoms of hy- 
drogen, and those of the non-metals, with small atomic weight, repre- 
sent the earliest forms of atomic matter. 

If we suppose that in the formation of the atoms of certain elements 
the free ihcmical energy of the corpuscles was very largely converted 
into bound chemical energy and heat, their atoms would be extremely 
inert toward other atoms and incapable of uniting with each other. Such 
elementary matter is represented by the so-called noble gases, in the 
atoms of which the relation of free corpuscular to free atomic chemical 
energy is analogous to that of free atomic to free molecular chemical 
energy in the atom and molecule of nitrogen. Further, if we suppose 
that thermic, or other conditions, toward the end of the corpuscular 
period of ,chemical evolution no longer permitted a sufficient conversion 
of free into bound chemical energy, we get a glimpse into the genesis of 
radioactive matter, the atoms of which contain so much free corpuscular 
chemical energy that they represent a reversible system and are, there- 
fore, gradually breaking down into smaller parts, which then rearrange 
according to the changed conditions of cosmos. 

Kekuhi, 1 in his memorable paper, “Ueber die Constitution und die 
Metamorphosen der chemischen Verbindungen,” assumed that the first 
phase in chemical union consists in molecules attracting each other 
through their chemical affinity, and that a sort of loosely joined, larger 
molecule is thus formed. It is obvious that the formation of this 
"Kekul6 polymolecule” 2 is due to the attraction between the free chem- 
ical energy in the constituent molecules, and that it proceeds with the 
conversion of more or less free into bound chemical energy and heat — 
the extent of this change determining its stability. 

Let us represent the free chemical energy in an atom by a point 

1 Ann., 106, 141 

* Michael: Ber. t 34, 4028; 39, 2140, 2570. Am. Chem. J., 39, 3; 41, 120. 
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and the bound by a line, and let the number of the points and the length 
of the lines be a rough indication of the changes in the energy values 
occurring during the reaction. If we assume that the energies of un- 
like character in a molecule of sodium and of chlorine are approximately 
equal in value, we may represent the energy relations in sodium and 
chlorine by 

Na Na Cl Cl 

and the 41 polymolecule, ” representing the first phase in their interaction, 

by 

Na Na 

I I 

Cl Cl 

which indicates that some of the free has been converted into b<fun4 
chemical energy. The free chemical energies of unlike character would 
then strive to neutralize each other as completely as possible, a phase of 
the reaction that may be represented by 

Na Na 

| I 

I I 

Cl Cl 

and then, certainly facilitated by the enormous “ internal maximum heat 
of reaction, the bound chemical energies between Na and Na and Cl 
and Cl would be converted into bound chemical energy between Na and 
Cl and Na and Cl; finally, to realize a phase which may be represented by 

Na — Na 

Cl-Cl 

At this point, the bound chemical energy between the atoms of like nature 
may be inadequate to hold them together, and the complex would then 
break down into two molecules of NaCl.- 

What happens if we substitute magnesium in the place of sodium; 
that is, an element the atom of which contains much less positive energy? 
The formation of a polymolecule, ” then the conversion of the free 
chemical energy in the metallic and non-metallic atoms into bound be- 
tween metal and halogen ; but, although the energy in the sodium mole- 
cule suffices to neutralize that in the chlorine to an extent that the com- 
plex breaks down into two molecules, that in the much less positive mag- 

1 Wohl, Ber., 40, 2290. That part of the free and bound chemical energy is con- 
verted into heat has not been indicated. 

•The energies in two unlike atoms are never capable of exactly neutralizing 
each other, 90 that a certain content of free chemical energy is invariably present in 
the atoms of every molecule. 
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nesium molecule is insufficient to convert enough of the bound energy 
between the chlorine atoms into bound energy between metal and halo- 
gens, theiefore the latter atoms separate. On the other hand, the greater 
energy in the chlorine atoms is capable of using up that in the magne- 
sium to an extent that these fall apart. In magnesium chloride, there- 
fore, the halogen has a considerably greater content of free chemical energy 
than it has in sodium chloride, and bound chemical energy exists not only 
between it and the metal, but between the ehloiine atoms. We may 
represent these relations by : 



While the energy in a molecule of magnesium is not sufficient to 
separate the chlorine atoms, it obviously may be able to do so with the 
less negative oxygen, and, if the opposite energies in magnesium and 
oxygen approximately neutralize each other, two molecules of magne- 
sium oxide should be formed. But, if we take oxygen and a metal with 
considerably more positive energy than magnesium, say lithium, the 
oxygen is not able to separate the metallic atoms, while the latter can 
separate the oxygen atoms, thus leading to the formation of LLO, in which 
the Li atoms aie held together by bound chemical energy. The valency 
of an element, according to this interpretation, represents the resultant 
of the intramolecular chemical forces acting on the atom in terms of 
bound chemical energy, whether the action takes place directly, that is 
through direct union of the atoms or through space; or indirectly, that 
is, through other atoms. In as far as the free chemical energy in the 
atoms is not so converted into bound chemical energy, it will be able to 
exert readily a chemical attraction for such other atoms, either in the 
same or other molecules, for which it shows a chemical affinity. 

Although a spontaneous chemical change can proceed only with in- 
crease of entropy, the increment depends on free chemical energy and 
chemical affinity existing between those atoms, which in the reaction 
enter into direct union with each other. The atoms in a molecule are 
held together solely by bound chemical energy and, if their chemical nature 
is such that their free chemical energy has very largely disappeared in 
the formation of the molecule, the substance must be chemically inert; 
if not, it will be more or less chemically active. Tints, the well neutral- 
ized condition of NaCl and A1 2 0 3 , the superabundant positive energy 
in NajO, and the negative in A1C1 8 , is reflected in the properties of those 
substances. 

Let us suppose that we could isolate and experiment with ele- 
ments other than the noble gases in atomic condition, and could pre- 
vent the formation of molecules by the union of like, but not of unlike, 
atoms. In such a system free chemical energy would be amply present 
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and chemical union would therefore depend alone on the affinity rela- 
tions of the atoms. Moreover, if an isomeric substance could be formed, 
it would be that particular isomer which would represent the maximum 
entropy of the system under the prevailing conditions. 

For instance, the present structure theory indicates the existence of 
two isomeric cyanogen chlorides, i. e., C1NC and C1CN, but leaves us 
entirely in doubt why only one is known. So great is the uncertainty 
in regard to its constitution that this has long been a subject of active 
discussion and investigation. 1 Chlorine, nitrogen and carbon in atomic 
condition would possess ample free chemical energy for union and the 
question which isomer would be formed would depend on the increase of en- 
tropy connected with the affinity relations of Cl for N and for C. Since 
we know that the affinity between Cl and N is exceedingly slight, and 
that between Cl and C is large, it is absolutely certain that the isomer 
in which the halogen is united directly to the C, i. e., C1CN, would be the 
direct product. Furthermore, a consideration of the energetic condi- 
tions enables us to predict the properties of the isomeric form (C1NC); 
it could exist only at a very low temperature and under ordinary condi- 
tion the rearrangement C1NC — ► C1CN would occur so quickly, and 
with such a great increase of heat that the substance would be 
a violent explosive. 2 The matter we actually deal with is, however, 
in a molecular condition and all chemical changes that do not proceed 
solely through expenditure of free chemical energy involve an expendi- 
ture of energy due to overcoming bound chemical energy between atoms 
in the molecule. Chemical action is dependent, therefore, on a third 
factor, w T hich constitutes a chemical hindrance, and it can proceed spon- 
taneously only when the increase of entropy due to changes of free chem- 
ical energy and affinity is greater than the expenditure of energy neces- 
sary to overcome the chemical hindrance. That is, when the value of 
the equation: chemical affinity plus free chemical energy divided by 
chemical hindrance, is positive. 

To ascertain quantitative values for the various factors that determine 
an organic reaction is at present impossible, but it is of the greatest im- 
portance for the development of organic theory to be able to connect 

1 See Michael and Hibbert, Ann., 364, 69. 

2 It is evident that the content of free chemical energy in C1NC would be vastly 
greater than that in C1CN, which implies a better condition of intramolecular neutral- 
ization of the chemical forces of the atoms in the latter structure. Since such chem- 
ical neutralization proceeds with increase of entropy, we may substitute chemical 
neutralization in the place of entropy in the second law of thermodynamics. Further, 
we may apply the Carnot principle to the activity of free chemical energy of unlike 
kinds, and conclude that the increase of entropy will be greatest when the chemical 
forces are able to neutralize each other exactly. This law of chemical neutralization 
has the advantage over that of entropy in a much wider application to organic 
reactions (Michael, J. prakt. Chem. t [2] 60, 293; 68, 489. Ber., 38, 23). 
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changes in these values with modifications in structure. This done, we 
shall then be able to predict relative changes in the factors that contribute 
to the entropy values and thus be able to understand and explain or- 
ganic reactions to a degree at present impossible. 

What are the properties of carbon on which the existence of this won- 
derful and intricate organic world mainly depend? First, its capacity 
to polymerize, to form stable chains of astonishing length: second, the 
extreme sensitiveness of its properties to the influence of other elements, 1 
which is shared in a like degree only by hydrogen, and which has been 
called its “chemical plasticity”; 2 and third, its high valence combined with 
its marked affinity for hydrogen and for most of the non-metals, to form 
more or less stable derivatives. 

The first of these properties stands clearly in a close relation to the 
position of the element in the periodic system. In the halogen group, 
the tendency to form greater than diatomic molecules is not shown, 
with the exception perhaps of iodine; in the oxygen group it is shown 
by that element, but in a far greater degree by the other members. From 
analogy, a similar tendency to form large molecules by conversion of 
free into bound chemical energy should be expected in passing from oxy- 
gen to nitrogen, but the latter element acts anomalously, although in 
the formation of its diatomic molecule its free is converted into bound 
chemical energy to a remarkable extent 

The next member of this group, phosphorus, shows a marked capacity 
to polymerize to large molecules, and the conversion of ordinary into 
red phosphorus, which is accompanied by the evolution of only 19 calories, 
is one of the most salient illustrations in chemistry of how a change of 
free into bound chemical energy will radically change the properties of 
a substance. The very existence of organic life depends on carbon not 
sharing with nitrogen the property of polymerizing to a diatomic mole- 
cule, which is poor in free chemical energy. The actual change in pass- 
ing from N to C is similar to that in going from N to P, but it is in a de- 
gree much more highly developed, and carbon represents among elements 
the greatest capability to use the free chemical energy in its atom to form 
molecules containing a large number of atoms. The midway position 
of carbon in the second series of the periodic system indicates that there 
is an approximate balance of positive and negative corpuscles in the 
make-up of its atom. And, as the polymerizing capacity of non-metallic 
atoms increases, generally speaking, with a tendency toward this con- 
stitution of their atoms, it seems reasonable to connect this all-impor- 
tant property of the carbon atom with its corpuscular composition. 

A relation which is hardly less important for organic theory than the 

1 Van’t Hoff, Ansichten tiber organische Chcm., I, 280; II, 242. 

* Michael, J. prakt. Chem . [2], 60, 325. 
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foregoing, is to what extent the polymerizing power of carbon is modified 
by the presence of other elements in the molecule, and the influence 
which they exert on the affinity of carbon for hydrogen and for non- 
metals. Without exception, every element joined to carbon decreases 
its polymerizing capacity, i. e its affinity for itself, and the influence 
is in the order, H, halogen, N, S and O. To the influence of the last ele- 
ment carbon is so exceedingly sensitive that, through direct union with 
a single atom of oxygen, the enormous combining capacity of the carbon 
atom for itself is completely destroyed. 

Notwithstanding the considerable content of free chemical energy in 
the atoms of CO, this substance shows practically no tendency to poly- 
merize, but the characteristic property of carbon reappears at once, 
when the influence of oxygen is neutralized by the presence of other ele- 
ments. Thus, the action of potassium on CO leads not to COK, but to a 
polymerized product, derived from benzene. 

Not only does O decrease the affinity of C for C, but of C for H and for 
any non-metal to which carbon may be joined, whether the atoms 
are directly or indirectly joined. This is true to a decree directly 
proportionate to the extent of such negative influences acting on the atoms. 1 
The capacity of hydrogen to decrease the affinity of carbon for carbon 
is far less than that of oxygen, but it plays, nevertheless, an important 
role in many organic reactions. Thus, the pinacone — pinaco- 
line rearrangement: (H 3 C) 3 - C(OH) -~(HO)C - (CH 3 ) * (CH 3 ) 3 = 

C — CO — CH 3 4-H 2 0, takes place on boiling with dilute mineral acid, and the 

1 Michael, J. prakt. Client., 37, 473; 60, 286. Bit., 38, ?8, 3221. The writer is 
unaware of any facts in organic chemistry which are not strictly in accordance with 
the above stated rule. W. A. Noyes (This Journal, 31, 1371) believes that the 
greater instability of acetoacetic acid (CH fl COCH a CO a H) over pyrotartaric acid 
(CH 3 C 0 C 0 2 H) “is some slight indication that the separation of the carbon atoms 
is ionic in character, taking place more readily when there is a greater contrast be- 
tween the atoms united together.” In the first-named acid, the group C- CO,H is 
under the influence of H a and a negative, acidic radical (CH,CO), in the second under 
a positive radical (CH 3 ) and O and it is quite in agreement with the above rule that 
acetoacetic acid splits off CO a much more readily than pyrotartaric acid. The writer, 
also, knows of no satisfactory evidence in favor of the view that any strictly organic 
reaction is ionic in character (see Michael, Ber ., 38, 29; Am. Chem. 43, 322; Michael 
and Hibbert, Bcr., 31, 1090); or of any facts that are more easily understood than 
otherwise by such an assumption. The formation of ethyl chloride from ethyl alcohol 
and phosphorus pentachloride, white phenol gives partly chlorobenzene, partly phenyl 
phosphate, is mentioned by Noyes ( loc . cit., 1370) as confirming this view. However, 
when we consider that the chemical hindrance to the formation of a chloride, i. e. t 
the energy necessary to separate hydroxyl from the hydrocarbon radical, is much 
greater with phenol than with ethyl alcohol, it is obvious that such assumptions as 
that phenol can ionize to the phenyl and hydroxyl group, and that ethyl alcohol 
can ionize to ethyl and hydroxyl, do not contribute in any way to make the subject 
more clear. 
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reaction apparently should lead, with loss of water, to the formation of 
tetramethylethylene oxide. 

This compound contains a three-mem bered, cyclic chain, which is 
formed under considerable tension, and, besides, a large number (12) 
of hydrogen atoms, exerting in a very important position (3) their posi- 
tive influence on the cyclic carbons. Such a structure cannot represent 
a very stable substance. On the one hand, there is considerable tension, 
representing energy in a potential condition; on the other, an extremely 
insufficient, intramolecular chemical neutralization of the positive by 
the negative energy in its atoms. The compound may, indeed, be com- 
pared to sodium oxide, and shares with that substance a capacity to 
unite with water, most energetically, and with great increase of entropy. 
It is apparent that the oxide cannot possibly be formed from pinacone 
under the conditions of the reaction, but, if a rearrangement may lead 
to the formation of an intramolecularly well neutralized substance, this 
may be formed, provided the increase of entropy due to the intramol- 
ecular neutralization is greater than the decrease that is due to the 
chemical hindrance, t. e., the energy necessary to effect the migration of 
a methyl group. These conditions are possible, for pinacoline repre- 
sents a fairly well neutralized structure and has, consequently, a con- 
siderable heat of formation; 1 and the expenditure of energy accompany- 
ing the migration of a methyl in pinacone is comparatively small, owing 
to the decrease of the affinity of carbon for carbon' by the influence of the 
numerous hydrogens. 

That phenyl exerts an extremely strong positive influence on any atom 
joined directly to it 2 is evident from the fact that two such groups united 
directly with iodine, give that non-metal a metallic character. It might, 
therefore, have been expected, that the accumulation of phenyl groups 
would facilitate rearrangements of the nature of the pinacone — > pina- 
coline reaction, as this has been especially proven by the investigations 
of Tiffeneau. We have, moreover, direct experimental evidence that 
hydrogen diminishes the affinity of carbon for carbon in the observa- 
tion of Acree, 8 that in the rearrangement with di-/>-tolyldiphenylpinacone 
it is the more positive tolyl radical that migrates. 

Another interesting illustration of this influence of hydrogen is found 
in that much-discussed substance “ triphenylmethyl ’ * (hexaphenyl- 
ethane). Tshitshibabin 4 has shown that replacement of five of the 
hydrogens in ethane by phenyl groups materially lessens the affinity 
of the ethane carbon atoms for each other. It is, therefore, not surpris- 

1 Zoubuff, Chem k Centralbl 99, I, 516. 

8 Michael and Leighton, Ber. t 39, 2792. 

• Am. Chem. 33* 180. 

4 Ber. t 40, 367. 
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ing that when the remaining hydrogen is likewise replaced, the mutual 
affinity of these carbons is so greatly diminished that the substance 
easily dissociates into two molecules of triphenylmethyl , 1 and that these 
carbons, or the carbon, in “ triphenylmethyl’ ’ joined to the three phenyl 
groups, have chemical properties similar to those of a very positive metal, 
for instance, sodium . 2 Nor is it surprising that hexaphenylethane may 
undergo easily a desmotropic rearrangement into the quinoid form : 

(H t C t ),— C ^ V H ,H 


t — (w-KIX 


(H 6 C 6 ) s ee:C- 


CH~(C 6 H 5 ) ai 


or, since the difference in the entropy values of these two forms is slight, 
that the existence of one or the other form, or a derivative, will depend 
on the nature of a reagent or even of a solvent . 3 

The remaining fundamental properties of carbon, its high valency 
and its capability to combine not only with hydrogen but with lpost of 
the non-metals to form stable derivatives, are also related to the posi- 
tion of the element in the periodic system. An element acts as mono- 
valent towards H, or Cl, when its energy suffices to neutralize that of H, 
or Cl, to an extent that the system is incapable of uniting with further 


1 Since the above was written Schlenk (Ann., 372, 1) has shown that with a more 
positive radical than phenyl, 1. e., biphenyl, the affinity of carbon for carbon is reduced 
to such an extent that tribiphenyhnethyl exists in solution in mono-molecular 
condition, which is a further confirmation of the above explanation. 

2 Michael, J. prakt. Chem., [2] 60, 423, 428; 64, 107; Ber., 39, 2791. 

8 Michael and Hibbert, Ber., 41, 1091. A thermochemical investigation on 
intramolecular rearrangement will be published later; it may be stated that 
all our present exj>erimental data on this subject confirm the view that the 
fundamental reason of the phenomenon is the increase of entropy proceeding 
with the change. In intramolecular changes it is the formation of an iso- 
mer with a greater heat of formation and in miermolecular rearrangements 
the increase of entropy is connected with a change in composition and the reagent 
uniting with a product of decomposition; in either case, slight chemical or physical 
forces may bring about the change, if the chemical hindrance is inconsiderable (see 
Michael and Hibbert, Ber., 41, 1091). The rearrangements of camphor on treatment 
with P, 0 4 and H a S 0 4l to which W. A. Noyes (This Journal, 31, 1372) recently called 
attention, may be understood from the point of view here presented. In camphor 
the affinity of the central carbon to those with which it is directly joined has been di- 
minished considerably by the influence of hydrocarbon radicals and the central ring 
appears to exist in a condition of tension; moreover, such reduced benzene derivatives 
show a tendency to pass over into benzene derivatives, as the formation of the para- 
bonds in benzene is connected with a considerable increase of entropy (Michael, J . 
prakt. Chem., [2] 79, 418). Phosphoric anhydride is a powerful dehydrating agent 
and the formation of a benzene derivative (cymene) with the elimination of water 
and rupture of a central carbon bond represents the maximum increase of entropy. 
In its action on camphor sulphuric add acts not only as a hydrolyzing , but also as an 
oxidizing agent ; the formation of £-acetyl-o-xylene undoubtedly represents the max* 
imum entropy under such conditions. 
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atoms of these elements. In passing from F to O, from O to N, and from 
N to C, the valency for H, or Cl, increases, because the amount of energy 
in these atoms, able to neutralize that of H, or Cl, is successively de- 
creasing. CH 4 or CC 1 4 represent stable substances, because the energy 
and affinity relations between C and H, or Cl, are such that, in the com- 
bination of four atoms of hydrogen or chlorine among themselves and 
with one atom of carbon, comparatively little free chemical energy re- 
mains in any of the atoms. 1 

Like the polymerizing capacity and the “chemical plasticity 0 of car- 
bon, its power to unite not only with hydrogen, but with most non- 
metals, is due to the approximate balance of the positive and negative 
corpuscular energies in its atom. The direction in which the affinity of 
carbon for such elements will vary under the inlluence of other atoms 
in the molecule must be toward those of elements adjacent to it in the 
periodic system. Thus, the effect of increasing the influence of H on C 
in relation to II, or to a non-metal, joined to it, must be to shift its affinity 
values toward those of silicon, i. e. t there should be a decrease in the 
value for H and an increase for that of a non-metal. On the other hand, 
increasing the influence of O should shift them towards those of N, i. e. t 
decrease the values both for H and a non-metal. Further, the effect of 
such changes on the content of free chemical energy of C, and of any 
atom joined to it, must stand in a direct relation to the changes in the 
affinity values; in fact, the free must respond to such changes before the 
bound chemical energy. 

According to van’t Hoff, 2 two atoms in a molecule acting through di- 
rect union or through space, or indirectly, that is through intermediate 
atoms. This idea has been further developed 3 and shown to be of great 
importance in explaining organic reactions. If we number a certain 
atom in any fatty compound with a normal carbon chain by the figure 1, 
our present knowledge of the combined mutual influence between this 
atom and others in the molecule is expressed by the following "scale of 
combined influence,” the numbers indicating the degree of removal and the 
extent of the influence decreasing in the order given : 2 — 3 — 5 — 6 — 4 — 7 — 

1 Replacement of an H in CH« by Na gives a substance with preponderance of 
positive energy, and which is, therefore, poorly neutralized intrainolecularly. Car- 
bon, a weak non-metal, in uniting with very positive metals, tends to form compounds 
of the type C a Me, in which the accumulated negative energy of several carbon atoms 
endeavors to neutralize the positive energy of the metal. Only with a weak positive 
metal like A 1 are metallic derivatives of methane formed, and it is doubtless owing 
to this relation between the energies of C and Al, the compounds of which are so widely 
distributed in nature, that we owe the occurrence of such enormous deposits of satura- 
ted hydrocarbons. 

* Ansichten iieber die organische Chemie, I, 284-285; II, 252-254. 

•Michael, J. prakt. Chem ., [2] 60, 331. Bet ., 39, 2138-2157, 2780-2790; 40, 

14** 
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(9 — 10 — 11) — 8. It is to be strongly emphasized that the effect of an 
atom in position 2 or 3 is far greater than that of any similar atom less 
dosely connected, and, in the case of atoms farther removed, the in- 
fluence must be largdy direct, i. e. t spatial. 

The prindples devdoped above form a new basis for the theory of 
organic chemistry and may be applied to any problem arising in the 
sdence. 

Several important organic questions will be discussed from the new 
point of view. One of the weakest sides of the present structure theory 
is that it indicates the existence of a countless number of compounds, 
which are incapable of existence. One instance, that of an isomeric 
chloride of cyanogen (C 1 NC) has been already discussed, but this ques- 
tion is of such importance that it will be considered with substances of 
a different type. Nitrosomethane (H 3 CNO) does not exist, as it passes 
over spontaneously into the isomeric oxime: H S C — NO — ► H 2 C« 
N(OH). If we add an oxygen to the nitroso group, we obtain ifitro- 
methane (H 8 CN 0 3 ), which is perfectly stable, but the tautomeric form of 
which (H 2 C=*NO(OH)) is so unstable, that its existence can be proven 
only by indirect means. The thermochemical equation, 2NO + 0 2 « 
2N0 3 + 26.9 cal. proves condusively that the nitroso group contains 
much more free chemical energy than the nitro, which is the reason why 
the nitroso group in nitrosobenzene is so much more reactive than the 
nitro group in nitrobenzene. In nitrosomethane, then, the following 
energetic and affinity rdations exist : the oxygen has much free chem- 
ical energy and a strong affinity for the H of the methyl group, and by 
the change into the oxime, the great content of free chemical energy in 
the nitroso group is largdy converted into bound chemical energy and 
heat. The transformation therefore proceeds with increase of entropy 
and the oxime represents an intramolecularly wdl neutralized structure, 
which agrees with its amphoteric properties and the slight additive capacity 
at the double bond. Since the nitro group in nitromethane has less free 
chemical energy than the nitroso in nitrosomethane, its oxygen has less 
capability to overcome the bound chemical energy holding the hydrogen 
to the carbon. A rearrangement to isonitromethane is barred for a sec- 
ond reason, viz., that it would proceed with a degradation of entropy, 
for it is evident that the neutral nitromethane, the nitro group of which 
carries but little free chemical energy, is vastly poorer in such energy 
than the strongly acidic , unstaturated isonitromethane. 1 

In order that a rearrangement should proceed spontaneously, the atom 
which receives the migrating atom, or group, must have suffident affinity 
for it to be able to overcome the bound chemical energy between the 
migrating atom, or group, and the atom to which it is already joined. 

1 See Ann., 363, 21 . 
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If we increase through a structural change the bound chemical energy 
more than we do the affinity and free chemical energy factor; or if 
we decrease the latter without essentially altering the former, 
we obviously increase the relative stability of the new derivative and 
it may show an existence in a free state. Through certain structural 
changes the difference between the entropy values of the isomeric forms 
may be lessened, and we may arrive in this way to desmotropic sub- 
stances, the energy relations of which are so evenly balanced that the 
existence of one or the other form may be determined by a slight expen- 
diture of extraneous chemical, or physical energy. 1 

Before 1887 the substitution process in organic chemistry was uni- 
versally supposed to consist of the direct replacement of an atom, or 
group, by another. It was then shown, by an investigation on the con- 
stitution of acetoacetic ester and its sodium derivative, 2 that this view 
could be upheld no longer and that apparent substitution is often the re- 
sult of a combination of an addition and elimination process. Subse- 
quent researches 8 have shown that substitution, as represented by the 
old view is of comparatively rare occurrence, and that a rational inter- 
pretation of the process may be based on the entropy principle. Thus, 
by the use of a metal like sodium, which has considerable free chemical 
energy and a strong affinity for oxygen, the hydrogen in CH 2 = NOH 
attached directly to oxygen may be driven out, with the formation of 
CH 2 = NONa. 4 This change is only apparently a direct replacement 
of hydrogen by sodium, for what actually occurs is, that the energy and 
affinity values of the metal are such that it is able to overcome the bound 
chemical energy between the oxygen and hydrogen and that the latter 
element is driven out , not replaced. 

The distinction between replacing and driving out may seem from the 
above instance to be unimportant, but it is in reality of fundamental 
importance in organic reactions. Let us consider, for instance, the be- 
havior of nitromethane and hydrocyanic acid towards sodium from the 
new point of view! In the system 

1 Michael, Ann., 363, 27. 

* Michael, J . prakt. Chem. [2], 37, 473. 

* Michael, Loc. cit., 60, 316, Bet 33, 3739; 34, 4° 2 8; 3 &, 22, 1922-1938, 2083, 

2097, 3218. Amer. Chem . 43, 330. 

4 It does not follow from the formation of this sodium derivative that the change 
as represented by CH a —NOH — ► CH a «NONa designates an increase of entropy; 
indeed, a consideration of the well neutralized, amphoteric character of the oxime 
and the strong basic, easily hydrolyzed character of the sodium derivative, leaves no 
doubt that the free chemical energy in the latter is much greater than in the former 
structure. In the reaction much of the free chemical energy in sodium is converted 
into bound; it is the total change (2CH, -NOH 4 * Na, - sCH, -NONa 4- 
that proceeds with increase of entropy. 
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yO 

H 8 C — | f Na, 

the metal may be attracted either by the C or the O, but not only is the free 
chemical energy in the O larger than that in the C, but also the chemical 
affinity for Na. Moreover, according to the law of entropy, the system 
must strive to realize the maximum condition, which will be the formation 
of a sodium derivative, in which the free chemical energy existing in nitro- 
methane and in sodium is converted as completely as possible into bound 
chemical energy and heat. This condition is realized by the direct union 
of Na with O, since then an almost neutral salt will be formed, while the 
derivative containing the metal joined directly to C would be strongly 
basic and have positive energy in great excess. Indeed, if such a deriva- 
tive as NaCH 2 N0 2 could be obtained at a low temperature, it would pass 
over at ordinary temperature spontaneously and with an enormous in- 
crease of entropy into CH 2 =N(0Na)0. 1 The intramolecular hindrance, 
which nitromethane offers to attack, of the Na on the O is the energy 
necessary to overcome the bound chemical energy between a hydrogen 
and the carbon, which, owing to the strong negative character of the 
nitro group, is very considerably less than in methane and the reaction 
therefore proceeds readily. 

According to the old substitution theory, the action of Na on HCN 2 
proceeds by the direct replacement of the hydrogen by the metal, form- 
ing NaCN; according to the new theory, the Na may be attracted by 
the C or the N, and a salt may be formed if the metal is able to overcome 
the bound chemical energy between the H and the C and the reaction 
proceeds with an increase of entropy. The properties of the cyano group 
leave no doubt as to the existence of considerable free chemical energy 
in the C and the N, and there is also no doubt that Na has a greater affinity 
for N than for C: furthermore, N, being an element with more negative 
chemical energy than C, the energy of the metal in NaNC is much better 
neutralized than it would be in NaCN. The energy and affinity condi- 
tions permit, therefore, in the direct formation of CH 2 = NO(ONa) and 
NaNC, the maximum possible increase of entropy, and any other con- 
ception of the structures of these salts, is as inconceivable from the new 
theory, as the older view leaves us wholly in the dark in regard to them. 

1 Although a “double” bond is usually an indication of the accumulation of free 
chemical energy, its symbolistic use for this purpose would be misleading. The free 
chemical energy in an atom must vary with the extent of intramolecular neutralization; 
i, e. t in CH 2 «NO(ONa) the free chemical energy at C and N is used up indi- 
rectly to a very considerable extent in neutralizing the positive energy of the sodium. 
An approximate idea of the free chemical energy in the atoms of a molecule can usually 
be formed by a consideration of their chemical nature, the structure and the proper- 
ties of the substance. 

3 Michael and Hibbert, Ann., 364, 64. 
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We have seen that the positive energy in sodium has been largely 
converted into bound chemical energy, when the metal is introduced 
into nitromethane and that neither at the unsaturated carbon or nitrogen 
of H 2 C— N(0Na)0 is there much free chemical energy. It follows from 
these energy conditions that this salt should not easily react with a re- 
agent, unless the latter contains atoms with much free chemical energy 
and a large affinity value for certain atoms in the salt. Hence, sodium 
isonitrome thane is comparatively inert toward methyl iodide: but, if we 
make a change in the structure of the salt, so that the metal is less well 
neutralized, we shall facilitate the reaction; for, by doing so, we increase 
not only the free chemical energy of the unsaturated atoms, but the 
difference between the heats of formation of sodium iodide and the sodium 
salt, which is one of the largest factors in determining the entropy of 
the reaction. The conditions for an easy reaction are fulfilled, for instance, 
in sodium acetoacetic ester (CH 3 — CONa = CH — COOCjH^), for in this 
derivative the posit” e energy of the metal is very inadequately neutral- 
ized by the weakly acidic organic radical to which it is joined, and the 
unequal balance between the positive and negative chemical forces must 
leave considerable free chemical energy in the unsaturated atoms. The 
reaction may proceed in two directions: 

CH a — CONa — > I 

I. II | =- CH s CO ~CH(CH 3 )~COOC 7 II 5 + Nal. 

H^OOC— CH < — CH, 

H S C Na * I 

II. i | | r:.CH s -C(OCH 3 ) - CH COOC 7 H,-f Nal. 

Hj^CjOOC — CH - C— O < — CH a 

It is of interest to analyze the energy and affinity relations of the un- 
saturated carbon joined directly to the carbethoxyl group and those of 
the oxygen joined to sodium, since they determine the course of the re- 
action. Sodium iodide is formed in either case, and, as the heat of forma- 
tion of theC- is greater than that of the O-methyl derivative, 1 its forma- 
tion represents the maximum entropy of the system. The introduction 
of sodium into acetoacetic ester (CH S — CO — CH 2 — COOCjH 5 ) has the 
following effect on the energy and affinity relations of the carbonyl oxy- 
gen (in CO) and the methylene carbon (in CH 2 ) : 

First, the free chemical energy in the O has been greatly decreased 
through direct union with the metal, while part of the bound chemical 
energy of the C (used before in holding the eliminated H) has been con- 
verted into free; second, the affinity of the O for CH S has been greatly 
reduced by the positive influence of the metal, which, on the other hand, 
has neutralized the effect of the two negative radicals (CH s CO and 
COOCjH 6 ) and given the unsaturated a-C a large affinity value for methyl. 
It is evident that when we take the entropy, energy and affinity relations 
1 Experimental proof will be published later. 



1004 


ORGANIC AND BIOLOGICAL. 


into consideration, the conversion of the O-sodium salt into the C-methyl 
derivative, t. e. t the reaction represented by I, is not an abnormal, but a 
perfectly normal, reaction , 1 as, indeed is every chemical change in which 
the condition of maximum entropy is realized. 

Finally, we shall discuss another fundamental organic process, that of 
addition, from the standpoint of the second law of thermodynamics. 

If we remove one hydrogen from two adjacent hydrocarbon groups 
in propane a compound is formed (CH S — CH«=CH 2 ) in which part of 
the bound chemical energy previously holding the eliminated hydrogen 
atoms in chemical union appears as free chemical energy at the unsatura- 
ted C-atoms . 2 In the addition of a reagent to such a compound, the 
free chemical energy of the unsaturated atoms is more or less completely 
converted into bound chemical energy and heat, and the second law of 
thermodynamics compels the addition to take place in such a manner 
that the maximum entropy will be realized, unless there is some chemical 
hindrance, which prevents this attainment of the ultimate goal of Tree 
chemical energy. 

The structure theory teaches us that in the addition of hydrobromic acid 
to propene, two isomers (propyl and isopropyl bromide) may be formed, *but 
it fails altogether to give us any indication which of these products, or 
whether both of them, should result. The chemical hindrance in this reac- 
tion is the energy necessary to overcome the bound chemical energy between 
the H and the Br of HBr to the extent to which it exists between them 
in the bromopropane that will be formed in the addition . 3 This hindrance 
is obviously quantitatively the same in the formation of either isomer. 
The maximum entropy in this addition will be attained, therefore, in 
the formation of the isomeric bromopropane with the greater heat of forma- 
tion. 

Obviously, it is of great importance in this and in many other organic 
reactions to be able to trace the relation between the structure of iso- 
mers and their heat of formation. This is enabled by the following 
“thermochemical law of structure .” 4 In isomers. with normal chains 
and which contain a common negative radical as a nucleus, that isomer 
will have the largest heat of formation, the positive radicals of which to 
the greatest extent are under the influence— direct and indirect — of the 
negative nucleus. Thus, in propyl and isopropyl bromide the common 
negative nucleus is CBr, which in the last compound is under the direct 
influence of two methyl groups, while in propyl bromide only one methyl 
is directly, the other ihdirectly, joined. The intramolecular neutraliza- 

1 Michael, Ber., 38, 12 9. 

* /• P ra ht. Chem. t [2] 6o, 298. 

* Michael, Am. Chem. 43, 333 (footnote). 

4 Michael, J. prakt. Chem., [2] 68, 499; 79, 418; Ber., 39, 2140. 
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tion, which finds an expression in the heat of formation, is therefore 
larger in the iso than in the normal bromide, and, since the thermic 
value of direct is very much greater than that of indirect chemical 
union, the heat of formation of the former compound is considerably 
larger than that of the latter. 

Not only does the system, propene and hydrobromic acid, realize its 
maximum condition of entropy in the formation of isopropyl bromide, but 
the affinity relations at the points of maximum^eoncentration of the free 
chemical energy, i. e., at the unsaturated carbons, are such as to favor the 
course of the reaction in this direction, since the influence of methyl in 
this substance is positive to that of hydrogen in the same position . 1 This 
relation causes in propene a greater accumulation of positive energy at the 
middle than at the end unsaturated carbon and the middle carbon must 
have, therefore, the greater affinity for the strongly negative halogen of the 
acid. It seems theoretically probable that this coincidence of affinity and 
entropy values should lead exclusively to the formation of the iso deriva- 
tive, as, indeed, it would if chemical change depended solely on the free 
energy and the affinity values. When a mixture, containing an acid 
with a very large and a very small acidity constant, is brought together 
with a quantity of a strong base inadequate for complete neutralization 
of the acids present, there is always an appreciable amount of salt de- 
rived from the weak acid formed. The chemical force in each acid en- 
deavors to its utmost capacity to contribute its share toward the increase 
of entropy, which depends not only on the values of the affinity constants 
but, although to a very much smaller degree, on the actual mass, by weight, 
of acid present. 

If the formation of normal propyl bromide from propene and hydro- 
bromic acid proceeds with an increase of entropy, which it undoubtedly 
does, we have in this addition reaction two chemical forces, each striving 
to increase the entropy, but, in this case, the mass by weight cannot be 
changed and the struggle is between energies . 2 Furthermore, since 
there is no difference in the chemical hindrance, to the addition in 
either direction, it is extremely probable that the relative amounts of 
salts, or isomeric bromides, formed will stand in a direct relation to the 
increase of entropy, and as this is very much greater with the formation 
of isopropyl bromide, it agrees with the theory that the normal bromide 
is formed only to a very slight extent . 8 

The principle here involved was first used by Thomson 4 to determine 
the relative acidity constants, and has been called the “principle of 

1 Michael, J. prakt. Chem., [2] 60, 332; Ber., 39, 2142 (footnote). 

* There is no practical difference, as matter from a chemical point of view should 
be considered only as a carrier of chemical energy. 

8 Michael and Leighton, /. prakt. Chem., 6o, 443. 

4 Pogg. Ann., 138, 497. 
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partition it may be applied to every organic reaction^where two or 
more isomers may be formed. 2 Let us take, as illustrations of the appli- 
cation of this principle, the addition of water by means of sulphuric acid 
to hexine-i and -2. In hexine-i (CH 3 — CH 2 — CH 2 — CH 2 — C = CH), 
we have practically the same conditions as in propene, that is, the differ- 
ence between the energy and affinity values of the unsaturated carbons 
are due to the difference between the direct influence of an alkyl group 
and a hydrogen; hexaaone-2 (CH 3 — CH 2 — CH 2 — CH 2 — CO— CH 3 ) and 
probably a very slight amount of hexanal (CH S — CH 2 — CH 2 — CH 2 — 
CH 2 — CHO) are formed. The relations in hexine-2 (CH S — CH 2 — CH, — 
CEE C — CH 3 ) are quite different; the unsaturated carbons are both joined 
directly to alkyl groups, and the change in their energy values is due 
not to direct, but to indirect, influences, which are largely spatial. This 
relation must cause the heats of formation of the products that may 
result, hexanone-2 and -3, to be much nearer together than the isomers 
that may be formed in the addition to hexine-i; also an approximation 
in the energy and affinity values at the unsaturated carbons. 

According to the “principle of partition,” the relative amounts of 
hexanone-2 and -3 formed should not fall very far apart. Moreover, 
we can approximately estimate the energy values of the unsaturated 
carbons in relative terms by the use of the “scale of combined influence’ * 
mentioned above. Applying this scale to the relations in hexine-2, 
omitting those atoms the influences of which on the unsaturated carbons 
are equal, 2 or very nearly so, we find that A^— C 3 (joined directly to 
methyl) is under the influence of one carbon in the 4th, one hydrogen in 
the 3rd, and three hydrogens in the 5th position, and A r — C (joined di- 
rectly to butyl) has one carbon acting in the 3rd and 4 hydrogens in the 
4th position. Since atoms in the 3rd and 5th positions exert a greater 
influence than those in the 4th, it is obvious that the positive energy 
at A- 5 — C is greater than that at A r — C, and that a larger proportion 
of that ketone should be formed, when the negative part of the addenda 
adds to it, i. e., hexanone-2. A re-investigation 4 of the reaction shows 
indeed that about 60 per cent, of hexanone-2 to 40 per cent, of -3 are 
formed in the reaction. 

The present structure theory has been, and always will be, of inestimable 
service to organic chemistry: it has taught us, until recently , 5 the possi- 
ble number of isomers that may exist of a given formula, and it has been 
a guide in determining the constitution of most of the substances that 

‘Michael, /. prakt. them., [2] 60, 341-354; Ber., 39, 2138-2156, 2569, 2786- 
2795; 40, 140* 

* See J . prakt . Chem., 60, 341. Ber., 39, 2141. 

•The capital “Delta” denotes unsaturation (Baeyer, Ann., 245, 112). 

4 Michael, Ber., 39, 2133. 

• Ber., 39, 203. 
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have been discovered. But its weakness and limitations are inherent 
in its foundation on a mechanical conception of valency and an almost 
exclusive theoretical development along similar lines, for surely in nature 
there are no forces more intimately and indissolubly connected with 
changes in energy than the chemical. 

Largely for this reason, the structure theory fails to offer explanations 
for many of the simplest organic reactions and, for many years, it has 
failed in explaining and co-ordinating with theory much of the wonder- 
ful experimental progress that has been made in the science. 

It is true that innumerable attempts have been made to amplify or 
change the idea of valency and the structure theory so as to remedy 
these deficiencies, but they have always been along mechanical lines and 
have led to such impossible theoretical conceptions as new brands of 
valencies, dissociated and partial valencies, oxonium and carbonium 
theories, steric hindrance due to size of the atoms, etc., etc. 

All the forces in nature, whether mechanical or chemical, have the 
same goal in view, which is the realization of the maximum condition of 
entropy, and a scientific theory of chemistry must inevitably have this 
law as its basis. The present aim of organic theory is not to abandon 
the structure theory, but so to broaden and develop it that it becomes a 
consistent and harmonious part of nature. 

Nkw ton Centric. Mass 
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The Elements of the Science of Nutrition. By Graham Lusk, Ph.D., M.A , F.R.S., 
(Eriin). Second edition. W. B Saunders Company: Philadelphia, 1910. 402 

pages, illustrated. Cloth, $3.00 net. 

The science of nutrition attracts attention at the present time from the 
physiologist, the chemist and the practicing physician, but whatever his 
interest may be, the man who wishes to follow the developments of that 
science of to-day must have at his command a good knowledge of modem 
physiological chemistry. This truth is well illustrated in the book in 
question. 

The science of nutrition, like many other sciences, goes back to Lavoisier 
for its beginning, and in an interesting introductory chapter Lusk traces 
the cardinal points in its growth down to the present time. The author 
is a well-known physiologist and has himself made valuable contributions 
to the field. He has condensed into some four hundred pages a very 
clear and interesting r6sum£ of the noteworthy literature of the subject. 
The book is divided into fifteen chapters which discuss the uses and 
effects of various kinds of foods, the relations to temperature and to work, 
the products of metabolism and other questions which properly belong 
ill such discussions. The treatment is much fuller and more satisfactory 
than is usually found in works on physiology which, in a way, cover the 
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same ground. Very good literature references add greatly to the value 
of the explanations. Three chapters, the 12th, 13th and 14th, are de- 
voted to the discussion of our present views on metabolism in diabetes, 
metabolism in fever and the purine metabolism in its relations to gout and 
other conditions. It is pointed out by the author that the rapidly ac- 
cumulating data bearing on these topics may soon make possible rational 
theories as to the origin^f these diseases. The interesting relation of the 
purine chemistry to this field of study is pointed out at length. 

This book can be heartily recommended to any one who wishes a text- 
book guide with which to work into an understanding of the present 
status of the science of nutrition. J. H. Long. 
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Introduction. 

For a number of years one of the main lines of research pursued in this 
laboratory, with the aid of grants from the Carnegie Institution of Wash- 
ington, has been the study of the properties of salt solutions with ref- 
erence to the well-known anomalies of the ionic theory and with the 
view of establishing empirically the principles that must be substituted 
for the inexact theoretical laws ordinarily employed, and, if possible, 
of finding a rational explanation of the divergences. Such work has also 
been in progress in many other laboratories, partly with this general 
purpose, but oftener with more specific ends in view; and there has in 
consequence been accumulated a large mass of experimental material 
which has remained to a great extent uncorrelated. It seems therefore 
highly desirable to subject the existing data to a critical study from the 
standpoint just referred to; and the present paper is the first of a series 
of articles which are to be devoted to different phases of this subject. 

The factors which according to the ionic theory directly determine the 
physical properties and also the chemical behavior of salts in solution 
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are: (i) their degrees of ionization, or, in more general terms, the con- 
centrations of the various ions and un-ionized substances present in the 
solution; (2) the mobilities or conductances of the separate ions; (3) the 
osmotic pressures of the ions and the un-ionized substances ; (4) the so- 
called active masses or the (by Lewis more specifically defined) activities 
of the ions and the un-ionized substances; and (5) specific properties 
characteristic of the separate ions such as their molal volumes, refractive 
power, etc. Of these factors the first is involved in the interpretation of 
nearly all properties except those of a distinctly additive nature; the 
second in that of all phenomena connected with the passage of electricity, 
such as conductance and transference; the third in that of the so-called 
molecular or colligative properties, such as vapor pressure, freezing point, 
and boiling point, and in various thermodynamic relations; the fourth, 
in the determination of all chemical equilibria and many thermodynamic 
formulas; and the fifth, in the treatment of the additive and constitutive 
physical properties and of specific chemical effects, such for cxampljj as 
the catalytic power of the hydrogen ion. 

The determination of the values of these separate factors is attended 
with the difficulty that at least two of them are simultaneously involved 
in any property of the salt solution that may be measured. From this it 
follows that a given factor can be determined only with the aid of some 
assumption in regard to the other factors, or indirectly through the com- 
bination of measurements of different properties or of the same property 
under different conditions. Thus the conductance of a salt depends both 
on its ionization and the mobility of its ions; and when the ionization 
is derived from the ratio of the equivalent conductance at the given 
concentration to that at zero concentration, it is assumed that the 
mobilities of its ions are the same in the two solutions. Evidence as to 
the correctness of this assumption may be obtained by the study of some 
other property dependent upon mobility, such as transference; or by a 
comparison of the ionization values calculated with its aid with those 
derived from some independent property, such as the freezing-point 
lowering. 

The first paper of this series will be devoted to the consideration of the 
freezing-point lowering caused by salts, acids and bases, this being the 
property from which the total number of mols present in the solution 
can be most satisfactorily derived. 

1. Theoretical Considerations. 

In order to calculate exactly the number of mols i resulting from one 
formula weight of the solute, it is necessary to formulate accurately the 
theoretical relation between the freezing-point lowering and the molal 
concentration of the solute. The fact has been recently emphasized by 
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several writers 1 that the most general and exact form of the law of solu- 
tions, judging especially from its applicability to non-associating liquids 
throughout the whole range of concentration, is that expressed by the 
Raoult vapor-pressure equation : 


p n o Po — P n 
— or 

Po n o + n Po n + n 0 


(0 


where p Q and p are the vapor-pressures of the solvent ands olution respect- 
ively, and n 0 and n are the number of mols of solvent and solute respect- 
ively. The thermodynamically corresponding expression for the osmotic 
pressure P of the solution (neglecting the ordinarily insignificant com- 
pression term) is : 


f\ P V 

log , (l _ ) = _^ 


( 2 ) 


where V Q is the volume of one mol of liquid solvent, R the gas constant, 
and T the absolute temperature. A solution which conforms to these 
laws has been called a perfect solution . 

It has also been shown by Washburn 2 that the substantially exact 
numerical expression for the freezing-point lowering A / which is ther- 
modynamically equivalent to these relations when water is the solvent 
and the solution is not extremely concentrated is as follows: 


M = 0.009691/(1 — 0.0043 A/). (3) 

For the purposes of this article this may be given the following simpler 
form, which is obtained by placing n Q 1000/ 18.01 — 55.5, solving for 
w, and writing iN for it : 

At 

1 N -- (1 + 0.0055 A/), (4> 

where N represents the number of formula weights of solute associated 
with 1000 grams of water, and where 1.858 is the molal lowering in a 
dilute perfect solution. This expression is in concentrated solutions 
slightly less exact, but is accurate within 0.1 per cent, for solutions for 
which N< 1 or Atf<3°, provided the imperfectly known effect of hydra- 
tion is neglected. 

This expression has been employed in calculating the values of i pre- 
sented in this article; but in those cases where At <0.20, and where there- 
fore the parenthesis in the second member differs from unity only by 
about 0.1 per cent., the parenthesis has been ignored, and the simple 
formula i N «* At/ 1.858 employed. 


1 Compare especially van Laar (Zwei VortrSge iiber nicht verdiinnte Losungen 
und iibet den osmotischen Druek (Vieweg & Sohn, 1906); Lewis, This Journal, 30, 
673 (1908); Washburn, Tech. Quart., 21, 368 (1908). 

* Tech . Quart., ax, 373 (1908); and Jahrb. Radioakt. Elektronik 5, 493. 



ioi4 


GENERAL, PHYSICAL AND INORGANIC* 


The value of % so calculated has a definite empirical significance which 
is independent of any assumption whatever. It represents, namely, the 
factor by which the number of formula weights N associated with 1000 
grams of water must be multiplied, if the osmotic pressure, vapor pres- 
sure, or freezing point is to be correctly calculated by the laws of the 
perfect solution. The factor i therefore accounts not only for any differ- 
ence between the number of mols actually existing in the solution and the 
number of formula weights taken, but also for any physical deviation 
from the laws of the perfect solution. 

Assuming now that there is no such physical deviation — that is to 
say, that the ions and un-ionized substances are perfect solutes, exerting 
normal effects in accordance with the laws of the perfect solution, and 
that the quantity of solvent present is not appreciably diminished by 
combination with the solute, then evidently the value of i is equal to the 
number of mols in the solution resulting from one formula weight. In- 
terpreted in this sense i will be called the mol number of the solutrf 

Since there is strong evidence that many salts in solution arediydrated, 
the assumption that the quantity of free solvent present is the same as 
that of the pure solvent used in making up the solution is almost always 
inaccurate. It is therefore important to consider what the magnitude of 
the error caused by neglecting the effect of hydration upon the value of 
the calculated mol number is likely to be at different concentrations. 
Its effect may be readily derived by reference to equation (4) through the 
following consideration. If, with the N formula weights of solute that 
are dissolved in 1000 grams or 55.5 mols of water, xN mols of water are 
in reality combined, the number of formula weights associated with 1000 
grams of uncombined water is really greater than the assumed value N 
in the proportion 55.5/(55.5 — xN) or of 1/(1 — ^iV/55.5). The true value 
of i is therefore smaller than the calculated value in the same proportion; 
namely, by the following percentage amounts: 

Percentage error — 0.1 Sx 0.36a? 0.90a? 1 8 x 

For N —0.1 0.2 0.5 1.0 

Since x } the mols of water combined with one formula weight of salt, is 
probably often as large as 5 or 10, there is likely to be in many cases an 
error in i as large as 1 or 2 per cent, even at a concentration of 0,1 formal; 
and at much higher concentrations than this, the possible error arising 
from hydration becomes so large that the interpretation of the values of 
i as mol numbers has little significance, except perhaps in the case of 
substances which there is reason to believe are but little hydrated. Pro- 
vided any independent determination of the true values of i can be found, 
the results would, however, be of great value in determining the degree of 
hydration. 

The relation of the mol number to the degree of ionisation may also 
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be briefly considered. If the only substances present in the solution of 
a di-ionic 1 salt of the formula BA are the un-ionized substance BA and 
the ions B + or B ++ and A*" or A", then evidently between the mol- 
number i and the degree of ionization j there exists the simple relation 
i = (1 ~- r ) 4- 2y - 1 + r- (5) 

And similarly, if the only substances present in the solution of a tri- 
ionic salt of the formula B 2 A or BA 2 are the un-ionized substance B 2 A 
or BA 2 and the ions B + or B ++ and A" or A*~, then the following rela- 
tion holds true : 

i = (1 — f) + 3T = ! + 2 y. (6) 

And in general for an w-ionic salt, we have 

* * 1 4 (n — 1 )r- (7) 

It is, however, to be noted that the assumption that the un-ionized 
salt and its simplest ions are the only substances present in the solution 
is by no means necessarily true in all cases. Thus in the case of tri- 
ionic salts, like K 2 S0 4 or Ba(N0 3 ) 2 , it may well be that the intermediate 
ion, KS0 4 ~ or N0 3 Ba + is also present. And in the case of any salt, 
even of one of the di-ionic type, complex cations and anions and the 
corresponding complex salt may also be present; thus in a solution of 
magnesium sulphate there may be present not only MgS0 4 , Mg ++ , and 
S0 4 , but also Mg(SC) 4 ) 2 and the complex salt Mg 2 (S0 4 ) 2 ; and in a lithium 
chloride solution not only LiCl, Li 4 , and Cl“ but also LiCLf or Li 2 Cl + and 
LijClj might be present. 

The formation of new substances by reaction with the water is also 
to be considered; thus in the case of salts of a very weak acid or base 
(like KCN or ammonium acetate) the hydrolysis-products BOH and HA 
may be present in considerable quantity, especially in dilute solutions. 

2 . The Experimental Data. 

It is the purpose of this section to bring together the values that have 
been obtained by various investigators for the freezing-point lowerings 
caused by salts, acids, and bases; and to derive through a critical con- 
sideration of these data what seem to be the best values to adopt. Owing 
to the many errors in freezing-point measurements, some of which have 
only gradually come to be recognized, it is in many cases only in this 
way that fairly reliable results can be secured. Such series of measure- 
ments as are obviously affected by unusually large errors have been dis- 
regarded. 

The method of procedure employed has been to plot the values ob- 

1 The number of ions into which a salt dissociates will be indicated by the words 
di-ionic, tri-ionic, etc. ; and the valence of the two ions to which the salt gives rise will 
be indicated by the words uni-univalent, unibivalent, bibivalent, etc. Thus MgS0 4 is 
a bibivalent, di-ionic salt; and K 3 Fe (CN)„ or A1C1 3 is a unitri valent, tetraionic salt. 
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tained by each observer for A t/N as ordinates against those of log N 
as abscissas, where A t is the observed freezing-point lowering and N 
is the number of formula weights of salt associated with 1000 grams 
of water. In cases where the salt content was not so expressed it has 
been calculated over to this basis. The ratio Atf/iV will hereafter be 
designated the formal freezing-point lowering . The most representative 
curve was then drawn through the points representing the data of each 
observer; and the values of A t/N were taken from the curve at a number 
of definite concentrations. A mean of the values so obtained from the 
data of all the observers at each concentration was next derived, assign- 
ing to each observer’s results a weight based upon the precautions ob- 
served in the experimental work, the number of determinations, and 
the accuracy of the results as indicated by their deviations from the 
curve. In general, the same weight is assigned to all the results of a 
given observer; but in a few cases this has been varied for the different 
substances. This method of assigning weight involves individual judg- 
ment and is to a certain extent arbitrary ; but it is preferable to assigning 
equal weight to all the results. The average values so obtained were 
then plotted in the same way as before, the curve best representing them 
was drawn, and from this curve the final values of A t/N at definite con- 
centrations were read off. 

The limits of content which are considered are from 0.005 to 0.5 equiva- 
lents per liter. For those substances for which the value of A t/N passes 
through a minimum, the curves were not extended beyond this minimum. 

A full discussion of the methods used by the various investigators 
in determining the freezing points of the solutions will not be entered 
into. Some of the factors influencing the accuracy of the results will, 
however, be considered, especially with reference to the relative weights 
assigned to the data of the different observers. 

Passing over the older work as not suitable for the purpose, the inves- 
tigation of H. C. Jones 1 may be mentioned as the first in which special 
precautions were taken. He employed a mercury thermometer with 
a very large bulb which was graduated in thousandths of a degree and 
could be read to one ten- thousandth, used a large volume (one liter) 
of solution, stirred moderately, caused a considerable proportion of ice 
to separate (namely, 1.5 per cent, or that corresponding to an overcooling 
of 1.2 0 ), and corrected the concentration for the change produced in it 
by the ice separation. He states that his thermometer readings were 
reproducible with an average deviation of 0.0002°, but makes no state- 
ment as to the standardization of the scale of his thermometer. The 
concentration was determined synthetically, apparently with sufficient 
accuracy. His freezing-point vessel was surrounded above and below 

1 Z. physik. Chem.y 11, no, 523; xa, 623 (1893). 
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by felt and on the sides by an air space enclosed by a zinc vessel contain- 
ing ice and salt. Error doubtless arose from this difference injtempera- 
ture of the surroundings, but it was probably somewhat reduced by the 
large volume of solution employed and the fair proportion of ice sepa- 
rated. The results obtained by him with several organic substances 
in dilute solution are much higher (14-20 per cent, higher at 0.01 nor- 
mal) than the theoretical values, and indicate the presence of an error 
doubtless due*’ to failure to secure the true freezing-point. This error 
may well have influenced his results with the salts to a considerable, 
though evidently to a much less extent. The weight assigned to the 
results is therefore unity, this being the value here assigned to data of 
ordinary reliability. 

In 1894 Nemst and Abegg 1 discussed the precautions which it was 
essential to observe in order to obtain the true freezing point of a solu- 
tion; and a few series of results were published by them and later by 
Abegg alone. 2 Unfortunately, while the determination of the freezing- 
point lowerings was unusually accurate, that of the concentration of 
the solution involved an error, which according to Abegg's statement 
amounted to 2 per cent, in some cases. The weight assigned to the re- 
sults is therefore 1. 

The work of Loomis, 3 begun about the same time, extended over a 
number of years and included a large number of compounds. In the 
author's papers no correction was made for the change in concentration 
produced by ice separating from the solution. That is shown experi- 
mentally to amount to 0.3 per cent in the first paper; and the results 
for the substances there given (for sodium chloride, magnesium sul- 
phate, and sulphuric acid) have therefore been corrected accordingly. In 
the work described in the other papers a larger quantity of solution was 
used; and the probable correction, which was small in any event, was 
not determined. This cause would tend to make the observed lower- 
ings slightly too large. On the other hand, the method of working, which 
involved strong stirring and slight undercooling, would result in too 
small freezing-point lowerings. The inaccuracy in the final results would 
depend upon these two sources of error, the latter probably being the 
greater. A weight of 2 or 1 has been assigned to them according to the 
character of the curve. His results for sodium and potassium hydroxides 
are so irregular that they have not been included at all. 

Barnes determined the freezing-point lowerings caused by sodium and 
potassium chlorides 4 and hydrochloric and sulphuric acids; 6 and Archi- 

1 Z . physik . Chem. t 15, 681 (1894). 

* Ibid., 20, 207 (1896). 

* Wied . Ann 51, 500 (1894); 57, 495 (1896), 60, 523 (1898). 

4 Trans . Nova Scotian Instil . of Science , 10, 153. 

* Trans. Roy. Soc. Canada , II, 6, [3] 37 (1900). 
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bald, 1 using a similar method, determined those of sodium and potassium 
sulphates. The accuracy was apparently as great as that of the best 
results of Loomis, and a weight of 2 has therefore been assigned to their 
results. The results of Hebb 2 with very dilute solutions of potassium 
chloride were also obtained by a similar method; but a correction was 
introduced for the ice separating, and the thermometer readings appear 
to have been more accurate. A weight of 3 has therefore been assigned 
to them. 

Ponsot 8 obtained results for a number of compounds, by determining 
the temperature and concentration of a solution in equilibrium with a 
large proportion of ice. For potassium bromide no representative curve 
could be drawn and the results were not employed. For potassium 
chloride any curve is unsatisfactory, and for potassium sulphate too few 
results are given within the required range of concentration so that a 
weight of only one-half was assigned. For the other substances, how- 
ever, (sodium chloride, sulphuric acid, barium chloride, and leac^ nitrate), 
very fair curves are obtained, and a weight of 1 was given to the results. 

Raoult 4 obtained two series of results with sodium and potassium 
chlorides. To his results a weight of 1 in one series and of l / 2 in^the other 
was assigned as the results are so few in number and so scattered as to 
make it difficult to draw a satisfactory curve. 

The greatest accuracy in determining differences in the freezing 
points of water and solutions attained up to the time of their publications 
appears to have been secured by Hausrath 5 and Osaka, 6 who, by measur- 
ing the electromotive force at thermoelectric junctions were able to 
measure differences of a few hundred-thousandths of a degree. That 
there were difficulties in these measurements is, however, seen from the 
irregularity of some of the results obtained at very great dilutions. Error 
in the preparation and standardization of the solutions probably is part 
of the source of these irregularities. The results down to 0.005 normal 
used here are fairly regular, except for a few substances; but since the 
results were not obtained for concentrations greater than 0.035 normal, 
a satisfactory curve could not be drawn and the experimental inaccuracies 
are still too large to warrant assigning a higher weight than 1 or in some 
cases 2 to the results. Their freezing-point lowerings have all been in- 
creased in the ratio 1.858/ 1.85, since 1.85 was used by them as the molal 
lowering in the standardization. 

1 Trans. Nova Scotian Instit. 0} Science, 10, 44. 

2 Ibid.„ 10, 409. - 

2 Ann. chim. phys. t [7] xo, 79 (1897). 

4 Z. physik. Chem., 27, 617 (1898). 

• Ann . phys. t [4] 9, 522 (1902). 

*Z. physik. Chem., 41, 560 (1902). 
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A few of the results obtained by Biltz 1 are used. He took all ordinary 
precautions in his measurements, but worked to a great extent with 
concentrations greater than those considered here. 

The most reliable research of an extensive character which has been 
carried out on the freezing-point lowerings of aqueous solutions is ap- 
parently that of Jahn. 2 He analyzed a portion of the solution in equi- 
librium with a large amount of ice after having determined the tempera- 
ture, and he measured the latter independently by two mercury thermom- 
eters and in some cases also by the electromotive force at thermo-electric 
junctions. His results when plotted give regular curves, except in the 
case of lithium chloride, for which the curve is somewhat uncertain. 
A weight of either 5 or 4 has been ordinarily assigned to them except 
in the series in which the mercury thermometers alone were used, where 
a weight of 3 was assigned. 

Results for the freezing-point lowerings of very dilute solutions of 
apparently high degree of accuracy have recently been published by 
Bedford. 3 Unfortunately the complete data are not yet available, the 
formal lowerings given by him being taken from a curve for a number 
of concentrations. This makes it difficult to judge the character of 
the results; but in view of the care and accuracy of the experimental 
work, a weight of 2 has been assigned. 

A few series of results for single substances of considerable accuracy 
have been published. T. W. Richards, 4 using substantially the same 
method as Jahn, gives values at four concentrations for potassium chlo- 
ride. A weight of 1 is given to these; for although the method Was prob- 
ably as accurate as Jahn’s, few results are given, and temperatures were 
measured to 0.001 0 only. P. B. Lewis 5 also measured the freezing- 
point lowering caused by potassium chloride, reading his thermometer 
to o.ooi°, using a large volume of solution, and introducing corrections 
for the ice separating and for pressure on the thermometer bulb. His 
results at practically four concentrations are given a weight of l / 2 , since 
the point when plotted are too few and irregular to yield a reliable curve. 
The data obtained by Wildermann 6 for sulphuric acid have been included 
with a weight of unity. Of the freezing-point results published by Noyes 
and Johnston 7 only those for potassium ferrocyanide have been used, 
since the rest give either uncertain or improbable curves. 

In two cases the results obtained in two independent series of experi- 

1 Z. physik. Cham., 40, 18$ £1902). 

• Ibid., 50, 129 (1904); 59» 3i (iW)* 

• Proc. Royal . Sac ., 83 A, 454 (1910). 

*Z. physik. Ghent., 44, 563 (1903). 

a /. Chem. Soc. {London), 95, 1 (1895). 

• Z. physik . Chem., 15, 350 (1894). 

7 This Journal, 31, 1007 (1909)* 
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The curves could he extended to 0.03 A T from which this value was obtained by extrapolation. 
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K 4 Fe(CN)* Noyes and Johnston i ... ... . . 6.568 6172 5.720 5412 5180 

Mol number 1 ... .. . - 3 535 3 322 3 079 2.913 2796 
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ments by different observers have been plotted and combined in one 
curve. This has been done with Osaka’s and Hausrath’s results with 
sodium chloride, the individual experiments of the former showing a 
greater irregularity than those of the latter for this substance, although 
the same method was used by both; owing to the difficulty of drawing 
a satisfactory curve, a weight of i is given to the combined results. It 
has also been done with sodium sulphate, since the curves obtained from 
the data of Archibald and Loomis coincide; the final results are there- 
fore given together, a weight of 4 being assigned to them. 

Several other papers have been published in recent years presenting 
series of determinations of freezing-point lowerings extending up to very 
high concentrations. Only a few of the results in any of these series 
fall within the limits of concentration considered here; and they have, 
therefore, not been taken into consideration. In general, curves based 
upon only three or four results have been considered when the accuracy 
of the work justified their use or when more complete data are lackfhg. 

Table I contains the separate values of the formal freezing-point low- 
ering A t/N obtained by the various investigators and the means and 
best values derived from them in the way that has been described. The 
headings of the columns show the number of equivalents per 1000 grams 
water. The values of the mol number i given at the foot of each table 
were calculated by equation (4) of section 1. 

3. Summary of the Mol Numbers Derived from the Freezing-point 

Lowerings. 

The values of the mol number derived from the best values of the 
freezing-point lowering given in Table 1 are collected in Table 2. The 
concentrations, expressed in equivalents per 1000 grams of solvent, 
are shown at the heads of the columns. In the column headed “Wt.” 
is given the sum of the weights assigned to the separate observations 
for each substance. These “weights” indicate roughly the relative 
probable accuracy of the mol numbers derived for the various substances, 
especially at the concentrations between 0.02 and 0.1 equivalents per 
liter. 

Table 2 ValmvS or Tim Mol Number Periveu from Freezing-point Lowerings. 


Subst. Wt. 0.005 0.01 0.02 0,05 01 0,2 05 0.4 0.5 

KC1 19 1.963 1.943 1.918 1.885 1861 1.833 1. 818 1.808 1.800 

NH 4 C 1 3 1.947 1.928 1.907 1.878 1.856 1.832 1.819 

CsCl 5 1 -93° 1 • 892 1.863 1.829 1.807 1. 791 1778 

NaCl 12$ 1*953 1-938 1.922 1.892 1.875 1.850 1.838 1.830 1.824 

LiCl — . . 6 1.944 1.937 1928 1. 912 1.901 

NaBr 3 1.943 1.911 1.891 1.871 1.860 

KBr 4 1.929 1.889 1863 1.839 1 • 826 1.818 1.813 

J&NOj 1 ... i. 903 1.885 1.855 1-830 1.798 

1 KNO, i ... 1. 901 1.880 1.836 1.781 1.71X . k . 
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Table 2 ( Continued ). 

8ubst. Wt. 0005 001 0.02 0.05 0.1 0.2 0.3 04 0.5 

NH 4 NO s i ... 1.922 1.903 1.868 1.831 1.780 

NaCIO, 3 1 896 1.887 1.860 

KCIO, 5 ... 1. 914 1.891 1.849 1.798 

NaBrO, 3 1.908 1.879 1844 

KBrO, 5 ... 1.923 i. 896 1.854 1 • 805 

NalO,. . . .... 5 1 939 1.916 1 890 1.842 1.773 

KIO, 5 1 941 1.913 1882 1.828 1.765 .. 

KMn0 4 2 1 938 1.921 1 913 

NaOH 1 2 002 1.967 1 881 1.834 

KOH 1 1.995 1 983 1.967 1 926 1.865 

HCl 5 1 991 * 975 > 957 > 933 1 9*7 

HNOg 3 1 974 1.960 1.942 1.912 1.900 1 879 

Na 2 S0 4 4 •• • 2 733 2.589 2.472 2 344 2 257 2 100 2 134 

K 2 S0 4 . . . . . 8i 2 857 2 798 2 713 2 570 2 459 2 333 2 248 ? 186 j 136 

BaCl 2 . . ..52 797 2 756 2 709 2 637 2 575 2 515 2.479 

CaClg 2 .. . 2.751 2.673 2 630 2.608 2.599 ... 

SrCl 2 . . .... 1 .. .. 2.775 2.685 2 .637 2.611 2.600 2 595 ... 

MgCl a .... 1 . 2.769 2 708 2.677 2.665 

ZnClj 1 2 913 2 84s 2 771 2 666 2.579 2.493 

CdClj 1 2 581 2 535 2 379 2.209 2 078 

CdBr 2 . ... 1 . 2.560 2.407 2 170 1 964 1.734 

Cdl 2 . . . 1 .. 2.186 2 080 1 800 1 450 1 200 

Cd(NOj,) 2 1 2 896 2 841 2.801 2.774 2 767 

Ba(NO,) 2 .... 1 2 833 2 775 2 709 

Pb(NO a ) a 22 779 2 70(1 2 607 2 448 2 298 2 136 2 028 1 923 1 854 

H 2 S0 4 10 2.719 2 591 2 467 2 316 2 216 2 125 2.080 2 047 2 022 

MgS0 4 7 1.694 1 618 1 536 1.420 1 324 1 223 1 162 1.119 1 o8 4 

NiS0 4 2 1 733 1.634 1.524 . . 

CuS0 4 4 1 616 1.545 1 455 1 318 

ZnS0 4 2 1 66 5 1.582 1.489 

CdS0 4 2 1.658 1.569 1.477 1 343 

K a Fe(CN) fi 2 3.681 3 604 3 333 

K 4 Fe(CN)* 1 3 585 3 3 22 3 °79 2 *9i3 2 796 2.700 

4. The Mol Number in Relation to the Type of Salt. 


The salts of the uni-univalent type may be divided for convenience 
into the two groups represented by the general formulas MX and MX 0 3 . 
The former includes seven chlorides and bromides of the alkali elements. 
The mol numbers for these at any concentration show only comparatively 
small differences among themselves, excepting those for lithium chlo- 
ride and sodium bromide at concentrations greater than 0.02. Exclud- 
ing these, the mean mol numbers and their extreme values at the differ- 
ent concentrations are : 


Concentration 0.005 0.01 0.02 0.05 01 02 0.3 0.4 0,5 

Mean 1.952 *-937 i* 9 2 5 1887 1.864 1837 1.823 1812 1.804 

T5m . tc Ji-944 *-928 1.907 1.878 1.856 1.829 1.807 I-79I 1-778 

UnUS ii.963 i *943 1-943 * 892 1.875 i 850 1.838 1.830 1.824 
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Except for the chlorides at the two lowest concentrations the values 
for the sodium salts are somewhat higher than those for the potassium 
salts. This is a general rule, as will be seen later. The values for potas- 
sium chloride and bromide agree throughout, with a maximum differ- 
ence of 0.7 per cent, at the concentration 0.5; and those for cesium and 
ammonium chlorides agree very closely with those for potassium chloride 
except that the former decreases more rapidly in the more concentrated 
* solutions. Sodium bromide shows at ail the concentrations values 
about 1 per cent, greater than those for sodium chloride. 

The mol numbers for the salts of the general formula MXO s are less 
than those for the salts of the formula MX at the same concentration 
with a few minor exceptions where they are practically identical. The 
values for the separate salts are scattered through^ considerable inter- 
val, thus from 1.860 to 1.765 at 0.1 normal, so that a mean value would 
have little significance. The relations between the various salts are 
most clearly shown by arranging them in the way shown in the following 
table, in which the mol numbers at 0.1 normal are given: 


Cl. C10 3 . BrO. io 3 . no s . 

Na 1 . 875 1 860 1.844 1773 w.830 * 

K 1.861 1798 1.805 1.765 1.781 


It will be seen that the values for the sodium salts are always larger 
than those for the potassium salts; that those for the chlorates are nearly 
equal to those for the bromates, and that those for the nitrates are some- 
what smaller, and those for the iodates much smaller, than these. It 
should be noted, however, that in the more dilute solutions (0.0 1 to 0.02 
normal) the values for the iodates do not differ much from those for the 
other salts. 

The mol numbers for potassium permanganate appear to approach 
more nearly those for the salts MX than those for the salts MX 0 3 at the 
same concentrations. 

The results for sodium and potassium hydroxide are probably some- 
what too large; but even making some allowance for this the values 
appear to be greater than those for the salts MX. The latter is also 
true of hydrochloric and nitric acids, for which the final values are more 
accurate. The acid HX has furthermore greater i values than the acid 
HX 0 3 , in analogy with the salts of the types MX and MX 0 8 . 

The unibivalent tri-ionic salts consist of the sulphates, halides, and 
nitrates. 

The mol numbers for sodium and potassium sulphates differ from each 
other only to a slight extent (less than 1 per cent, throughout the total 
range of concentration), but those for the sodium salt are again slightly 
greater. The mean value is 2.465 at 0,1 normal and 2,723 at 0.02 normal. 

With respect to the halides the following facts may be noted, Eat- 
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eluding the cadmium salts, all the values are of similar magnitude (the 
range being 2.57 to 2.68 at 0.1 normal and 2.71 to 2.77 at 0.02 normal), 
but are distinctly higher than those for potassium and .sodium sulphates. 
The values for the cadmium halides arc much less than those for the 
other halides, and decrease rapidly in the order chloride, bromide, iodide 
(namely at 0.1 normal from 2.21 to 1.96 to 1.45). 

The three nitrates, of cadmium, barium, and lead, have mol numbers 
which differ greatly among themselves, those for lead nitrate ( e . g., 2.30 
at 0.1 normal) being the smallest for any unibivalent salt, excepting 
the cadmium halides. 

Bdnvalrnt Salts . — Those investigated consist of the sulphates of five 
bivalent elements. The mol numbers do not differ greatly among them- 
selves (1.46 to 1.54 at 0.02 normal); but are all much lower than those 
for the uni-univalent salts. 

5. Change of the Mol Number with the Concentration. 

The ionization of the various substances derivable from the mol num- 
ber by equations (5) and (6) and the change in it with the concentration 
will be considered in a later article, after other properties from which it 
can be derived have been discussed. It is the purpose here only to show 
empirically the extent to which a simple cube-root formula correspond- 
ing to that which was found by Kohlrausch to express roughly the change 
in the equivalent conductance of certain .types of salt with the concen- 
tration, will represent the change of the mol number with it.' The cube- 
root formula of Kohlrausch A 0 — A = K'C l/a , in which C is the concen- 
tration and K* a quantity constant for a given salt, assumes the form 
1 — y ~ KC V \ if the conductance ratio A/A 0 be taken as a measure 
of the ionization 7% and if this equation be combined with (5) or (6), 
the following expressions result : 

2 — { /v C l/ * for di-ionic salts (8) 

and 

3 — i « 2 K C /% for tri-ionic s^lts. (9) 

By means of these expressions the values of ^itave been calculated at 
various concentrations, assuming a value of K corresponding approxi- 
mately to the observed i value at 0.05 or 0.1 normal, and comparing 
the sq calculated values with the observed ones. For the sake of greater 
simplicity the mol numbers (by taking the mean) for such substances 
as have approximately equal mol numbers have been combined. The 
results are presented in Table 3 for those .salts to which a total weight 
of 3 or more has been assigned and for which the experimental values 
extend over a sufficient range of concentration. 

The observed and calculated values up to 0.1 normal agree almost cotpr 
pletely in the case of the halides of the alkali elements; and they 
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Table 3— Change op the Mol Numbers with the Cube-root op the Concentra- 
tion. 

0.05 0.1 I0.2 0.5 


Substances. K. 

MC! and MBr 0.292 

NaC 10 3 and NaBr 0 3 .. 0.334 

KC 10 , and KBrO a . . . 0.418 

NaI 0 3 and KI 0 3 0.45 

NajS 0 4 and K a S 0 4 1 . 10 

BaClj 1 .00 

Pb(N 0 3 ) 2 1.47 

MgvSO, 1.60 

CuS 0 4 1.90 


Cone. 

0.005 

c 

01 

0.02 

Jobs. 

1-952 

I 

937 

1 925 

(Calc. 

1 950 

I 

937 

1.921 

JObs. 




1 .902 

(Calc. 




1.909 

JObs. 


1 

919 

1.894 

/Calc. 


I 

910 

1.887 

JObs. 

1 940 

I 

915 

1.886 

/Calc. 

1.923 

I 

903 

1.878 

JObs. 

2.857 

2 

798 

2.723 

/Calc. 

2 .812 

2 

763 

2.702 

Jobs. 

2-797 

2 

756 

2.709 

/Calc. 

2.829 

2 

785 

2.729 

(obs. 

2.779 

2 

700 

2 .607 

(Calc. 

2-749 

2 

684 

2 .602 

)Obs. 

1.694 

I 

618 

i- 53 <> 

Calc. 

1.726 

1 

655 

1 .566 

JObs. 

1. 616 

I 

545 

1-455 

(Calc. 

1 675 

I 

592 

1.483 


1.887 1.864 1 .837 1 .804 
1 893 1 . 865 1 . 829 1 . 768 

1.883 1.852 

1.877 1845 

1.853 1.802 

1 . 846 1 . 806 

1.835 1.769 •• 

1.834 1 79 1 

2.580 2.466 2.339 2.135 
2-595 2.490 2.356 2.127 

2637 2.575 2.515 - - 

2.632 2.536 2.415 . . . 

2.448 2.298 2.136 1.854 
2.459 2.318 2.140 1.833 
1 .420 1 .324 1 .223 1 .084 
1 .411 1.258 1 .064 f. . 

1.318 

1. 301 


differences not exceeding l / 2 per cent, in the case of the chlorates Tmd 
bromates. In the case of the iodates and the tri-ionic salts, however, 
the differences at concentrations up to 0.1 normal frequently reach 1 
per cent., but do not much exceed this. The bibivalent salts show de- 
viations of several per cent., so that the principle can not be said to hold 
even approximately for them. 

Attention may also be called to the fact that (since K = — di/dC lA ) 
the value of the constant K furnishes an obvious measure of the rela- 
tive rates at which the mol numbers of the various substances decrease 
with the increasing concentration. The regularities that exist will readily 
be seen by an examination of the values of K given in the table. 

Boston, June, 1910. 


SILVER NITRATE FORMED BY THE ACTION OF NITRIC ACID 
m SILVER SULPHIDE. 

BY Htppolyte Gruener. 

Received May 30, 1910. 

The statements which I have found concerning the products of the 
action of nitric add on silver sulphide are incomplete and contradictory. 
The proportions of nitrate and sulphate formed vary widely with the 
conditions applied. Highly concentrated add results in complete con- 
version to sulphate, while with the less concentrated acid there is formed 
a large percentage of nitrate. Besides concentration, temperature of 
, the add and time of action are influential. 

^■the experiments summarized in Table I, the predpitated sulphide 
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(0.2 g.) was treated with nitric add (usually 15 g. of the pure acid) di- 
luted to the proper concentration. The mixture was heated, or allowed 
to stand at the ordinary temperature. When the action had taken 
place, hot water was added to dissolve the nitrate and sulphate, the 
solution filtered from the sulphur and unchanged sulphide, and repeat- 
edly evaporated to dryness. The amount of silver found in the residue 
determined the amount of sulphide dissolved. The nitrate formed was 
determined by the method of Gooch and Gruener. 1 The results are 
shown in Table I, which indicates the proportions of sulphide dissolved, 
and also the percentage of nitrate formed at different concentrations, 
a, with boiling acid, and b with cold acid. 

Table 1. 

a Acid boiling. b. Acid cold 

Per cent, of Per cent, of 


No. of 

Cone, 
of HNO a 

Time of 

Per cent. 
Ag 2 S 

possible 

nitrate 

Time of 

Per cent. 

ar 2 s 

possible 

nitrate 

expt. 

Per cent 

action. 

dissolved. 

formed 

action. 

dissolved 

formed. 

I . 

94 

50 min. 

98.6 

O 

6 days 

IOO 

O 

2 . 

• 71 

5 min. 

99 9 

3-6 

1 8 hours 

95 0 

7.2 

3 - • 

65 




4 days 

99 4 

22.6 

4. . 

55 

10 min. 

100 

35 2 

4 days 

99 5 

29.0 

5 - ■ 

- 45 

3 min. 

98 4 

579 

4 days 

99-5 

58.4 

6 . 

• 35 

3 min. 

99-4 

7 i 9 

6 days 

99 7 

77.O 

7 - - 

-5 

5 min. 

98 8 

87.8 

6 days 

99 3 

91.5 

8 

20 

until action 

98 9 

94 • 7 

11 days 

98.6 

95 9 

9 

IS 

was complete 
until actiou 

98 9 

90.9 

1 1 days 

98 8 

97-0 

10 . 

10 

was complete 
until action 

97 2 

90.7 

11 days 

98 3 

927 

11 . . 

7 5 

was complete 
15 min. 

99.0 


7 mos. 

98.8 

923 

12'. . 

5 

30 min. 

96.4 

88.9 

7 mos. 

98^.8 

84.4 

13- ■ 

2 5 

4 hours 

75 -o 

74.8 

7 mos. 

89 0 

75-8 

*4 • 

1 *5 

20 hours 

86 0 

60.4 

7 mos. 

7-3 

0 


The complete conversion of the sulphide to sulphate by the strongest 
acid used suggests the other extreme, namely, complete conversion to 
nitrate. But the maximum formation of nitrate is found at about 20 
per cent, acid, and with greater dilution the amount of nitrate is found 
to diminish. The advantage of the cold acid from the standpoint of the 
nitrate is apparent, for the average yield when the action takes place at 
ordinary temperature is about 10 per cent, greater than when the acid 
is heated. 

The time of contact of the reacting substances is important. When 
the sulphur liberated by the first action is promptly removed, t. e., by di- 
lution and filtration, the percentage of nitrate is conspicuously greater 
than when longer contact is allowed. When the time of contact is less- 
1 Am , /. Sc*., 44, 117. 
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ened to increase the amount of nitrate, there is also a diminution of the 
amount of sulphide dissolved. These points are shown in Table II. 

Table II. 

HNO a ® 71 per cent. Ag a S » o.2g. 

Acid boiling Acid cold. 


Per cent. Per cent. Per cent. Per cent. 


No. of 

Time of 

dissolved. 

nitrate 

No. of 

Time of 

AgjS 

nitrate 

expt. 

action. 

formed. 

expt 

action. 

dissolved 

formed. 

21 ... . 

. . . . Heated just 
to boiling 

62 

395 

31 

i hour 

37 .0 

32.8 

22 . . . 

15 sec. 

97 5 

37-5 

32 

3-5 hrs. 

53 ^ 

20 8 

23 

. . . 30 sec. 

96.6 

21 . I 

33 

9 hours 

85.2 

22.9 

24 .. 

1 min. 

91.4 

8.4 

34 

18 hours 

95 

7 2 

25 

5 min. 

99-7 

36 

35 

42 hours 

99-7 

0 8 

26 

... 70 min. 

100 

I . I 

36 

66 hours 

99 8 

0 3 


Summary. 

Nitric acid, when of concentration above 5 per cent., dissolves ^pre- 
cipitated silver sulphide rapidly. Very strong acid yields silver sulphate 
alone, while acid of lower concentration forms some nitrate in propor- 
tion to its dilution. 20-15 per cent, acid yields the maximum, about 
95 per cent, nitrate, greater dilution again resulting in a smaller per- 
centage. Heating the acid, or prolonging its time of action is unfavor- 
able to the formation of nitrate. 

Chemical Laboratory op Adelbert Collfge, 

Cleveland. 


GRAHAMITE, A SOLID NATIVE BITUMEN. 

By Clifford Richardson. 

Received June 24, 1910. 

Grahamite is a solid native bitumen, the type of which was first found 
in Ritchie County, West Virginia, in the early sixties of the last century. 
It was named for the Messrs. Graham, who were interested in the com- 
mercial development of the deposit, by Henry Wurtz. The early litera- 
ture of the subject 1 is largely devoted to the origin of the material and 
to its relations to coal, asphalt and albertite, as the latter occurs in Nova 
Scotia. 2 It is largely controversial, which is not surprising in view of 
the fact that there had been little opportunity up to that time of study- 
ing and differentiating the native bitumens. 

In 1890 Prof. Wm. P Blake, who had been interesting himself in the 
solid native bitumen found in such large amounts in veins in Utah and 

1 J. P. Leslie, Proc. Am. Phil. Soc., 9, 183 (1863). Henry Wurtz, Am. J. Sci ., 
[2] 42, 420 (1865); Proc. A. A. A. 5 ., 18, 124 (1869); Am. Gas Light xx, 98. S. F. 
Peckham, Am. Gas Light J., 11, 164 (1869). W. M. Fontaine, Am. J. Sci., [3] 6, 409 
(1873). J* P* Kimball, Am. J. Sci, [3] 12, 277 (1876). 

3 Wetherill, Trans. Am. Phil . Soc., 185 2,5353. 
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Colorado, presented a paper 1 before the American Institute of Mining 
Engineers at its Washington meeting entitled “Uintaite, Albertite, Gra- 
hamite, and Asphaltum, Described and Compared with Observations 
on Bitumens and its Compounds,'* in which he stated, after reference 
to preceding papers, that the grahamite of West Virginia is neither al- 
bertite nor gilsonite (uintaite) but that all of these bitumens are plainly 
differentiated from each other by definite characteristics, although he 
relied on the statements of his predecessors for his characterization of 
grahamite. His conclusions, we shall see from the data which are to 
be presented, were entirely justified. 

Grahamite attracted no further attention until 1899 when J. A. Taff, 
of the U. vS. Geological Survey, published a paper 2 on “An Albertite-like 
Asphalt in the Choctaw Nation, Indian Territory," in which he describes 
a deposit of solid native bitumen occurring in the Impson Valley. Dr. 
Wm. C. Day, who examined it for him, concluded that it “resembled 
albertite more than any other asphaltic substance" though “the solu- 
bility in carbon disulphide classes the material with the asphalts rather 
than the coals." Dr. Day should have known that the albertite is prac- 
tically insoluble in carbon disulphide and that, consequently, the material 
he had in hand could not be an albertite. He, like many other writers, 
had not had a sufficiently wide experience with the solid native bitumens 
to recognize their relations to each other and to identify them. 

In 1901 a voluminous paper on “The Asphalt and Bituminous Rock 
Deposits of the United States," by George H. Eldridge, was published in 
Part I of the Twenty-second Annual Report of the U. S. Geological Sur- 
vey. Most of the occurrences of grahamite came under his observation 
but, strangely enough, he failed to recognize the relations and similarity 
of any of them to the type grahamite of West Virginia. He went so 
far as to give the name “impsonite" to the grahamite found in the Impson 
Valley and writes of that found in Middle Park, Colorado, as asphalt. 
It is but fair to say that Mr. Eldridge, when his attention was called to 
the matter by the writer, after the appearance of his report, recognized 
the fact that many of the bitumens which he had described were, ac- 
tually, as will be seen later, grahamites. 

The confusion as regards bitumens of the three types, grahamite, 
albertite and gilsonite and also, to a limited extent, manjak continued. 

In 1909 there appeared^ Bulletin No. 380 of the U. S. Geological Sur- 
vey “Contributions to Economic Geology" in which, under the heading 
“Asphalt" two papers jjkppear, one, “An Occurrence of Asphaltite in 
Northeastern Nevada, "lay Robert Anderson, and another, “Grahamite 
Deposits of Southeastern Oklahoma," by Joseph A. Taff. Anderson 

1 Trans. Am. Inst . Aftf * Eng. t x8 f 563. 

* Am, J . Sci. t [4] 8, 23 
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undoubtedly uses the term asphaltite in the sense proposed by Eldridge 
in the classification of the native hydrocarbons and allied substances 
which he gives in his “Report," where he includes under asphaltites, 
albertite, impsonite, grahamite, nigrite and uintaite (gilsonite) although 
not distinguishing them from the true asphalts which do not appear in 
his table in any form. Anderson, no doubt, intends to convey the idea 
that the Nevada bitumen is not an asphalt. He says: “The asphaltite 
found here would be commercially known as ‘grahamite* but its char- 
acteristics show it to differ from the variety so known scientifically. 
A few tests revealed a close relationship to the variety from Indian Terri- 
tory described by G. H. Eldridge as impsonite." Anderson shows, 
therefore, that he is not aware that impsonite is grahamite. Taff's 
description of the solid bitumens of Oklahoma in the pages immediately 
following Anderson's paper shows that he is in accord with the ideas 
advanced by the writer some years ago 1 that many, if not all of the solid 
bitumens of Oklahoma are grahamites, taking that from West Virginia 
as a type. 

The confusion which has existed for many years as to what grahamite 
is becomes apparent from the preceding statement. It has arisen largely 
because no individual investigator has had in hand for comparison at 
one time, all of the very numerous deposits of solid native bitumen which 
are so widely distributed, particularly in North America and in the 
islands of the West Indies. Within the last fifteen years the writer has 
been so fortunate as to have referred to him specimens of nearly all the 
well-known occurrences of solid bitumen and of those which have been 
discovered during that period and was particularly fortunate in obtain- 
ing a large specimen of the original grahamite taken early in the seven- 
ties from the deposit in West Virginia, to which the name was originally 
applied and which must be regarded as the type. For this he is indebted 
to Prof. Charles F. Chandler, of Columbia University, whose identifica- 
tion of the material is, of course, authoritative. 

In addition, specimens of this same bitumen, obtained when the vein 
was again worked for a short time in 1904-5 were available. The solid 
native bitumens which have been examined and which have the charac- 
teristics of grahamite are identified as to locality in the following list. 
Wherever possible reference is made to description of the deposits by 
geologists and others. 

List of Occurrences of Grahamite. 

West Virginia. 

No. 19,399 The type of material from Ritchie County, 25 miles a little north of 
east from Parkersburg, on McFarlands Run near the South fork of Hughes River, taken 
1 Report on the “Mineral Resources of Cuba in 1901/' Gussenheimer, Weil & Co., 
not properly accredited to the author, and “The Modem Asphalt Pavement,** John 
Wiley & Sons, N. Y. First edition, 1905, 203, second edition 19081 an. 
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from the vein at the time the mine was originally worked between 1868 and 1875. 
From the cabinet of Prof. C. F. Chandler. 

No. 75,637 From the Ritchie County deposit in 1904. 

No. 75,673 10 ft. below No. 75,637 at the same time. 

No. 82,088 From the Ritchie County deposit in 1905. 

Colorado. 

No. 19,162 From the Middle Park deposit, Grand County, on Willow Creek, 21 
miles from Grand River and 12 miles west of Grand Lake, 8 miles east of Park White 
Mt., 4 miles north of Grand Mt. S W. 15-6 and 22, T. 4 N. Range 77 West, specimen of 
1898. 

No. 19,260 Same. 

No. 71,963 Same— -Specimen of 1900. 

No. 71,746 Same- Specimen of 1904. 

Oklahoma. 


No. 53,788 lmpson Valley deposit, on a branch of Tenmile Creek, in the west side 
of lmpson Valley near the south side of see 21, T. 1 S, R 1 SE (Taff), specimen of 
1901. 

No. 74,989 Same shaft No 3, from “Old Slope,” 24 ft depth, specimen of 1904. 

No 74,990 Same shaft No. 3, from “Old Slope,” 40 ft. depth, specimen of 1904. 

No 74,991 Same shaft No 3, fiom “Old Slope,” 70 ft depth, specimen of 1904. 

No 74,992 Same shaft No 3, from “Old Slope,” 90 ft. depth, specimen of 1904. 

No 74.993 Same shaft No. from ‘‘Old Slope,” no ft. depth, specimen of 1904 

No. 74.994 Same shaft No. 3, from “Old Slope,” 135 ft. depth, specimen of 1904 

No. 114,041 Same, from the stock of the Barber Asphalt Paving Company, Maurer, 
N. J. Four samples running from “A” with least luster to “D” with greatest luster, 
specimens of 1909. 

No. 76,503 McGue Creek Valley deposit, Williams mine, on the west side of McGee 
Creek in the S. W. x f A sec. 23, T. 1 N , R. 14 E. (TafT), specimen of 1905. 

No. 76,504 Same. 

No. 81,424 From the Choctaw Mining and Development Company, South McAlester, 
1905. 

No. 80,847 LeG rand’s Stringtown deposit, in so-called “red bank” near Loco, 
Chiokowaw Nation, Okla. This specimen is characterized by an infiltration of pyrite, 
in crystals readily recognized with the naked eye. 

No. 59,398 Exact locality not known, 1902. 

No. 80,824 From 2 1 /, miles southeast of Stringtown, Okla , at South edge of Boggy 
Creek Valley filling fissures in Ordovician or Silurian shales. 


Texas. 

Fayette County. 

Webb County. 

Wyoming. 

No. 75,093 Locality not known, 1905. 


Mexico. 

No. 12,113 Huasteca, Cristo deposit. The original material described by Kimball 
from the cabinet of Lehigh University. 

No. 12,114 Same. 

No. 64,152 From Victoria, 1903. 

No. 83,982 From near the Eastern coast, 1905. 

Central America. 

No. 109,503 Unknown locality, 1909. 
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Cuba. 

Pure bitumens. 

No. 22,216 From “La America” mine near Bahia Honda, Province of Pinar del 
Rio, specimen of 1899. 

No. 35,901 Same — Specimen. 

No. 22,222 From “La Havana” mine near Canipo Florida, Province of Havana, 
1899. 

No. 31,135 From an unidentified mine, twelve miles east of Havana, 19(H). 

Grahamites associated with mineral matter. 

No. 21,415 From “Magdalena” mine, District of Muriel, Province of Pinai del Rio, 
Sample of 1899. 

No. 21,657 Same. 

No. 44,626 Same — Sample of 1901. 

No. 52,000 Same- Sample of 1901. 

No. 75,755 Same - Sample of 1905. 

No. 21,416 From Mercedes mine, District of Muriel, Province of Pimu del Rio, 
1899. 

No. 25,131 From “Santa Eloisa” mine, near Santa Clara Oily, sample of 18^9. 

No. 47,617 Same- Sample of 1901. 

No. 55,195 Same -Sample of 1901. 

Trinidad, B. S. I, 

No. 61,726-8 From Vistabella mine, near San Fernando, Trinidad, B. W. 1 7 , put on 
the market as “rnanjak,” specimens of 1902. 

No. 80,659 Same — Specimen of 1905. 

Metamorphose o Orajiami tes. 

No. 69,235 Unknown locality, Oklahoma. 

No. 69,482 From the Choctaw Mining and Development Company. 

No. 69,242 Black Fork Mountain, Oklahoma. 

Two samples. 

(a) Near top of outcrop, 

(1 b ) Entry running in on vein from side of hill at a point probably 15 
ft., below surface. 

It will be seen from the number of occurrences mentioned in the pre- 
ceding list that, if we are justified in considering them all as the same 
material, that is to say, as native bitumens corresponding to the type 
originally found in West Virginia, grahamite is very widely distributed. 

The results of the examination of the specimens which have been studied 
are given in Table I. 

In considering the data given some consideration must first be 
given to the subject of native bitumens in general and especially to the 
solid native bitumens from which grahamite is to be differentiated. 

The native bitumens consist of a mixture of native hydrocarbons and 
small amounts of their nitrogen, sulphur and, in some cases oxygen 
derivatives, the character of any bitumen being dependent on that of 
the different series of hydrocarbons of which it is composed and their 
state of aggregation. Natural gas, petroleum in its various forms, maltha, 
asphalt, gilsonite, ozokerite and grahamite are bitumens, the four last 
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being solids. They are all characterized by being soluble in carbon 
disulphide, but are differentiated by their physical and chemical char- 
acteristics. They all originate in petroleum and are products of meta- 
morphosis, depending for their character on that of the petroleum from 
which they are derived and the environment to which this has been ex- 
posed during the last periods of time during which the changes have 
been going on. Petroleums are known to be of various types and in- 
clude the paraffin oils of the Eastern states, which contain but a small 
amount of sulphur derivatives, the more .sulphurous oils of the Ohio 
and Canadian type, which are largely made up of the paraffin series of 
hydrocarbons, the semi-asphaltic oils of Illinois, Texas and the mid- 
continental fields, varying in character as they are more or less asphaltic 
in nature, and the asphaltic oils of California, Mexico and the West In- 
dies, which are practically free from paraffin hydrocarbons. As yet no 
petroleum of the Russian type has been found in the western hemisphere. 

Solid bitumens are, apparently, formed from all of these types of pe- 
troleum. Ozokerite consists of solid paraffins and is plainly der ved 
from paraffin petroleum. The type grahamite of West Virginia is 
found where paraffin petroleums alone are available as its source. That 
occurring in Middle Park, Colorado, must have had its origin in petroleum 
of the type found in that State at Florence, which is a paraffin oil. The 
grahamite of Oklahoma must ha\e been derived from oil of the type 
of the mid-continental field which contains a large amount of paraffin 
hydrocarbons, although it is also asphaltic. All of the grahamites of 
the United States originate, therefore, in petroleums which are more or 
less of a paraffin nature. The contrary is the case with the grahamite 
of Trinidad, where the petroleum is purely asphaltic, as far as we know 
it to-day, but in appearance it can hardly be differentiated from that 
of the West Virginia deposit. The Cuban grahamites must, likewise, 
originate 'in asphaltic oils. These facts may prove of some value in 
differentiating the grahamites which have been examined. 

From the non-paraffin oils are formed the asphalts, gilsonite, raanjak 
and glance pitch, all of which have physical properties and chemical 
characteristics which differentiate them from one another and from 
grahamite. Before attempting to characterize grahamite, therefore, 
and to differentiate it from asphalt and the other solid bitumens some- 
thing must be known in regard to these latter bitumens. Some data 
in regard to them are presented in Table II for comparison with which 
similar data in regard to the type grahamite from West Virginia are 
presented. 

The native bitumens, it will be observed, are soluble in carbon disul- 
phide. This is an essential characteristic. If the material is not soluble 
and, nevertheless, has been derived from petroleum it is regarded as a 



Tabus I. 


NO. 

locality. 

Fracture. 

Luster. 

Specific 

gravity. 

19,399 

West Virginia, 1870. 

. Schistose or hackly 

Dull 

1.130 

75,637 

West Virginia. 1905 

, Schistose or hackly 

Dull 

1.137 

75,673 

82,086 

19,162 

West Virginia, 1905 

West Virginia, 1905. 

Colorado, 1898 

. Schistose or hackly 

Lustrous 

1.121 

1.160 

19,260 

Colorado, 1898 

Schistose or hackly 

Lustrous 

1.159 

31,963 

Colorado, 1900 

, Schistose or hackly 

Lustrous 

1.152 

71,746 

53,788 

Colorado. 1904 

Ixnpson Valley, Okla., 1901 

Schistose or hackly 

Lustrous 

1 184 

74,989 

Impson Valley, Okla., 1904 

Schistose or hackly 



74,990 

Impson Valley, Okla., 1904 

Schistose or hackly 



74,991 

Impson Valley. Okla., 1904 

Schistose or hackly 



74,992 

Impson Valley, Okla , 1904 

Schistose or hackly 



74,993 

Impson Valley, Okla., 1904 

Schistose or hackly 



74,994 

Impson Valley, Okla., 1904 

Schistose or hackly 



114,041a 

Impson Valley, Okla , 1909 

Schistose or hackly 

Very dull 


•* b 

Impson Valley, Okla., 1909 


Dull 


" c 

Impson Valley, Okla., 1909 


Sub-lustrous $ 


V d 

Impson Valley, Okla., 1909 


Lustrous 

* . . 

76,503 

McGee Creek. Okla , 1905 

Schistose or hackly 

Sub-lustrous 


76.504 

McGee Creek, Okla .1905 

Schistose or hackly 

Lustrous 


81,424 

South McAlester, Okla., 1905 

Schistose or hackly 

Lustrous 


80.824 

Stringtown, Okla., 1905 

Schistose or hackly 

Sub-lustrous 


64,847 

LeGrand, deposit, Okla., 1903 

Schistose or hackly 

Dull 


59,398 

Unknown, Okla., 1902 

Schistose or hackly 



75.093 

64,152 

83.982 

Fayette Co., Texas. 1909 

Webb Co.. Texas, 1909 

Wyoming, unknown, 1901 

Mexico. 

Victoria, 1903 

Near Eastern Coast, 1905 

Smooth, semi-conchoidal 

Lustrous 


12.113 

12.114 

209.503 

22.216 

Huasteca, 1876 

Huasteca, 1876 

Central America. 

Unknown locality, 1909 

Cuba. 

Bahia Honda, “La America" mine, 1899 . . . 

1.145 

Distinct cleavage, thin layers Semi-bright, coal like 1 157 

35,901 

Bahia Honda, "La America" mine, 1900, . 

Distinct cleavage, thin layers Semi-bright, coal like 1 .235 

22,222 

Campo Florida, "La Havana mine," 1899 . 

Smooth, scrm- conchoidal 

Dull 

1.175 

31,135 

Unidentified mine, 12 m E. Havana. 1900. 

Smooth, semi-conchoidal 

Dull 

1.163 

21,415 

Mariel. "Magdalena" mine, 1899 

Conchoidal 

Dull 

1.444 

21,657 

Mariel, "Magdalena" mine, 1899 

Conchoidal 

Dull 

1.409 

44.626 

Mariel, "Magdalena" mine, 1901 

Conchoidal 

Dull 

1.460 

52,000 

Mariel, "Magdalena" mine, 1901 

Conchoidal 

Dull 

1.4341 

75,755 

21,416 

Mariel, "Magdalena" mine, 1905 

Mariel. "Mercedes" mine, 1899 

Conchoidal 

Dull 

1.562 

25,131 

Santa Clara, "Santa Eloisa" mine, 1904 

Smooth, semi-conchoidal 

Lustrous 

1.2735 

47,617 

Santa Clara, "Santa Eloisa" mine, 1905. . . . 

Smooth, semi-conchoidal 

Lustrous 

1 .2935 

55,195 

Santa Clara, "Santa ^loiaA" mine, 1901 ... . 

Smooth, semi-conchoidal 

Lustrous 

1 .2859 

62,726 

Trinidad. 

Vistabella "Manjak," 1902 


Dull 


61,727 

Vistabella "Manjak," 1902. 


Lustrous 


61,728 

Vistabella "Manjak," 1902 


Bright 


80,659 

Vistabella "Manjak," 1905 


1.156 


Metamorphosed or Altered Grahamitbs. 

69*235 Unknown locality, Okla., 1904 ....... 

f South McAlcster, Okla., 1904 

a Black Fork Mountain, Okla., 1904 Schistose Sub-lustrous 

b Black Fork Mountain, Okla., 1904........ Schistopj Sub-lustrous 

1 Contains pyritc. 



horn 

100°. 

Bitu- 

men. 

luor* 

ganic 

matter 

Differ- 

ence. 

Per cent, of 
total bitu- 
men soluble 
in naphtha. 

Bitu* 

men 

ins. 

Bitu- hot 
men tui- Re- 
ins. pen- sidual 
CC1*. tine. coke. 

Ultimate composition 
of pure bitumen. 


Teat 

No. 

88° B. 

6a° B. 

C. 

H. 

S. 

N. 

Diff. 

0.4% 97.7% 

2 0% 

0.3% 

9.4% 

10.7% 


.. 36 8% 86 56% 8.68%, 

1.79% 

• 

2.97% 

19,399 

0.0 

97.8 

2 1 

0 1 

3.4 

3 5 

55.0 

0.8 40.1 






75,637 

. . . 

97 6 

1.9 

0.5 

1 4 

2.7 


.. 39.7 






75,673 

0.4 


1 8 





.. 41.4 






82,088 

• . . 

98 2 

0.1 

1.7 

0 8 


80 6 

.. 47.4 

85.97 

7.65 

0.93 


5.45 

19,162 


99.0 

0 l 

0.9 




.. 48.4 

86.08 

7.63 

0.95 


5.34 

19,260 

. . . 

98.7 

trace 

1.3 

1.3 

1 .3 


.. 48.3 

85.90 

7.75 

0.99 


5.36 

31,963 

0.7 

99.3 

0 1 

0 6 

0.9 

1 .0 


. . 49 3 






71,746 

0.4 

90.5 

1 1 

8.4 

0.8 

1 1 


.. 56.4 






53,788 


96.2 

3 0 

0 8 

0 7 



.. 52.9 

83.90 

7.14 

2.24 


6.72 

74,989 


95.7 

4.1 

0.2 

0.4 



.. 51.4 






74,990 


95 5 

4 2 

0.3 

0.2 



.. 52.6 






74,991 


95 2 

3 9 

0 9 

0.7 



. 52.9 






74,992 


93.5 

5 0 

1 5 

0 7 



.. 52.0 






74,993 


93 0 

5 3 

1 .7 

0.7 



.. 52.0 






74,994 

0 I 

92 4 

6 .6 

1 0 




43.0 49 1 



1.04 



114,041a 

0 1 

95 4 

3 8 

0 8 




.. 51.1 



1.56 



b 

0.0 

94.0 

6 0 

0 0 




.. 49 1 



1.52 



" c 

0.2 

93 3 

6.7 

6 0 




. . 48 5 



1.40 



!* 4 


99 7 

0 3 

0 0 

6 8 

8 2 


.. 43.5 






76,503 


95.7 

0.3 

4.0 
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pyrobitumen. Such a material is represented in the table by albertite. 
This may be regarded as a bitumen in which the metamorphosis, beginning 
in petroleum and extending through maltha, asphalt and grahamite, 
has terminated in a material which is no longer soluble. On this ground 
grahamite is an intermediate material between asphalt and albertite. 
The extent of the metamorphism may be measured, it will be observed, 
by a comparison of the relative solubility of the bitumens in light petro- 
leum distillates, ai^d in the heavy petroleum residuals, known as fluxes, 
by the amount of residual coke which they yield on ignition and to a cer- 
tain extent by their density and melting points. For this purpose data 
in regard to bitumens of the series extending from petroleums which 
are mobile liquids to grahamite and albertite are here presented. 

Solubility in 




Melt- 

Re- 

carbon 

light 

heaTy residuals 


Spec 

mg 

siciuat 

disul- 

11a ph- 




ffrav. 

point. 

coke 

phide. 

tha 

paraffin. 

asphaltic. 

Paraffin petroleum 

O 83 

liquid 

O O 

TOO O 

IOO O 



Asphaltic petroleum . 

0 93 

liquid 

I 0 

IOO O 

98 0 



Maltha 

O 99 

viscous 

3 0 

98 O 

94.0 



Asphalt, medium. . . . 

I .03 

60 0 

12.5 

<)6.0 

70 O 

homogenous 


Asphalt, hard 

I 04 

80 0 

* 4-5 


63 O 

homogenous 


Gilsonite 

I .04 

1 30 0 

15 0 

99 4 

53 0 

non-honi. 

homogenous 

Glance pitch . 

I . IO 

130° 

15.0 

99-7 

»\3 5 

non-hom. 

homogenous 

Manjak 

I in 

200° 

-’4 7 

98 3 

2 2 2 

non honi. 

homogenous 

Grahamite, Trinidad . 

I 16 

intuni. 

35 « 

98 8 

M 5 

non-hom. 

homogenous 

West Va . 

I. 14 

inturn 

41 0 

97 8 

3 3 

non-hom 

homogenous 

Oklahoma 

I 18 

intuni 

5 (» 4 

95 5 

0.8 

non-hom. 

homogenous 

Albertite 

I 08 

intuni 

29 8 

6 0 

1 5 

in sol 

insol. 

The preceding data present 

a fairly regular 

rate of metamorphism 


from petroleum to grahamite and illustrate very well the relation of 
grahamite to the other native bitumens, as well as the justification for 
its differentiation from asphalt and gilsonite. Grahamite does not melt. 
Asphalt, gilsonite and glance pitch become liquid on the application of 
heat. Grahamite is but slightly soluble in naphtha, whereas the other 
solid bitumens contain a considerable percentage which is soluble, corre- 
sponding in amount to the degree to w T hich they have been metamor- 
phosed. The graliamites yield a higher percentage of residual coke, 
this too corresponding to the extent of the metamorphism. The den- 
sity of this form of bitumen is greater than that of the bitumens which 
melt readily. 

Grahamite in its outward physical appearance is as a rule, and where 
it is not associated with mineral matter, characterized by a peculiar 
structure and fracture, which is found in no other form of solid native 
bitumen. While the material is homogenous or uniform as far as compo- 
sition is concerned for any one specimen, the fracture is not conchoi^al 
or that of a homogeneous solid such as gilsonite, glance pitch, m an |ak 
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or the pure asphalts. On the contrary it presents a surface which shows 
that the bitumen has been subjected to pressure and to motion from 
movement of the vein walls which it is too brittle to resist. The result 
has been a fine fracture carried entirely through the mass, which resuijp 
in a surface, when grahamite is broken, which is more or less schistose 
in structure. It has been described as hackly and also termed pencillate. 
It is found in all the grahamites occurring in the United States, in that 
from Trinidad and in the pure bitumens from Cuba. The deposit at 
Huasteca, Mexico, has a lustrous fracture like that of glance pitch while 
in some of the grahamites of Cuba the fracture is masked by the high 
percentage of mineral matter which is present. 

In powder, grahamite, like asphalt and glance pitch, is black and it 
gives a black streak. This differentiates it sharply from gilsonite, which 
yields a light brown powder. 

It does not melt readily, as has been said, and this alone differentiates 
it from all the other bitumens and justifies us in putting all the grahamites 
in a class by themselves. It intumesces and swells up at high tempera- 
tures with the evolution of gas, but softens to some extent, so that it 
can be in part drawn out into threads. In this respect it resembles 
the pyro-bitumen albertite, although it differs entirely from it by its 
solubility in carbon disulphide. 

In their ultimate composition the grahamites show some interesting 
differences from the other solid bitumens and among themselves, which 
are of importance and without which any consideration of this form of 
bitumen would be incomplete. 

An ultimate analysis by combustion of the grahamite from West Vir- 
ginia shows that it consists of 

C, 86.56; H, 8.68; S, 1.79; undetermined, 2.97, 
the preceding figures being calculated on a basis of bitumen free from 
mineral matter. For comparison with these figures data in regard to 
the ultimate composition of three well-known asphalts will serve. 

Pure bitumens. Pure bitumens. Waldorf, Cal. 

Trinidad. Bermudez. 


Carbon 82.33 82.88 82.77 

Hydrogen 10.69 10.79 10.62 

Sulphur 6.16 5.87 6.47 

Nitrogen 0.82 0.75 0.35 


100.00 100.29 zoo. 21 


The West Virginia grahamite differs from asphalt by containing a 
much smaller amount of sulphur derivatives, more carbon and less hy- 
dmgen. The relation of carbon to hydrogen, considering sulphur as an 
eflgfwlent to two atoms of hydrogen, is as follows: 
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Grahamite. Asphalt. 

Carbon 90.9 88.5 

Hydrogen 91 11.5 


„ 100.0 100.0 

Tliis relation and the presence of the larger amount of carbon may be 
regarded as explaining, to a certain extent, the differences between the 
two forms of bitumen as well as the larger yield of residual coke from 
grahamite and the fact that it does not melt readily. 

Having shown the characteristics of the type grahamite, the next 
step is the differentiation of the various other deposits on the basis of 
their behavior with certain solvents, their purity or admixture with 
mineral matter and their ultimate composition; this with a view of de- 
termining whether they may all be properly included under the one desig- 
nation “grahamite,” whether they should be separated into classes, 
or whether specific names should be applied to some of the bitumens 
as has been done by some writers who were not familiar enough with 
the native solid bitumens to recognize grahamite when it was met in a 
new locality. Of course, in so doing, the material from West Virginia 
which was described in the early sixties of the last century must serve 
as the type. 

This, it appears, contains 86.6 per cent, of carbon and 1.8 per cent, 
of sulphur. Some of the other grahamites have a similar ultimate compo- 
sition, notably those from Middle Park, Colorado, and various localities 
in Oklahoma. The carbon in these occurrences lies within the extremes, 
86.6 and 83.9, the latter figure for the Impson Valley material which 
was called impsonite by Eldridge. This approaches the amount found 
in asphalt and is smaller by 2.7 per cent, than the carbon in the type 
grahamite. 

It is questionable whether this is sufficient to authorize a specific name, 
especially in view of the fact that the two materials in other respects 
are so strikingly alike, in their fracture and general appearance, in not 
melting and in their insolubility in light naphtha and dense paraffin 
residuums. From the writer’s point of view the West Virginia, Colo- 
rado and Oklahoma bitumens may safely be recognized as all being 
grahamites. 

So closely allied to these three occurrences that it cannot be distin- 
guished from them in external appearance is the grahamite of Trinidad. 
It has the same hackly fracture as the type material, does not melt or 
flux smoothly with the paraffin oils, yields from 31 to 40 per cent, of resid- 
ual coke and is readily recognized by the trained eye as a grahamite. 
It differs from the bitumen of this type as found in the United States 
only by the presence of nitrogen to the extent of over 2 per cent., in which 
it is unique, a higher percentage of sulphur, 3.83 as compared to 1.79, 
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and its considerably greater solubility in light naphtha, 13.0- 15.0 per 
cent, as compared with fractions of a per cent, in the Colorado and Okla- 
homa material and 1.4 to 9.4 in the original grahamitc from West Vir- 
ginia, the higher figure in the latter case being for the product of the 
operations in the sixties and the latter for material taken out in receht 
years. Further, the two materials differ in a marked degree in ultimate 
composition, as far as the percentages of carbon and hydrogen are con- 
cerned, the Trinidad grahamite containing but five per cent, of hydrogen 
whereas the West Virginia carries nine, and only 84 per cent, of carbon 
as compared with 86.5. 


West Va. Trinidad. 

Carbon 86 56 83 95 

Hydrogen 8 68 5 66 

Sulphur 1.79 3 83 

Nitrogen 224 

Difference 2.97 4 32 


It may be held that the Trinidad bitumen differs sufficiently from the 
type grahamite to make it a distinct form, but the difference can be 
readily explained by the different character of the two petroleums from 
which the two deposits have been derived, the West Virginia grafiamite 
originating in a paraffin oil and that from Trinidad in an asphaltic one. 
It is possible that grahamite must be considered as a class of bitumens, 
rather than a species, or genus, and this will be further confirmed as the 
characteristics of the other individual deposits are examined. There 
seems to be no reason, however, why the Trinidad bitumen should not 
be regarded as a grahamite. It is certainly not a manjak, although it 
has been put upon the market as such; a manjak being a bitumen which 
has a smooth fracture like glance pitch and melting readily. The com- 
paratively high percentage of residual coke which manjak yields does, 
however, show that it is a material which, in its metamorphism, is some- 
what related to grahamite. In this connection it is worthy of note that 
in Barbadoes, where alone manjak occurs, a continuous series of bitumens 
is found ranging from maltha to one of the hardest consistency. 

If we look further into the ultimate composition of the remaining 
grahamites which have been examined, it is seen that they all contain 
more sulphur than those which we have had under consideration, from 
5.4 to 8.7 per cent, as compared with 0.93 to 3.83 per cent. It is possible, 
therefore, to divide the grahamites into two classes, those containing 
less than four per cent, and those having more than five per cent, of sul- 
phur. The presence of sulphur may be attributed in part to sulphur 
derivatives of hydrocarbons existing in the original oils -from which the 
grahamites are derived, but we know of no petroleums which contain a 
s nfficient amount of such components to account for the high percentage 
sulphujr /piund in the second class of grahamites. The assumption 
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that this might be accounted for by concentration due to evaporation 
during the long period during which the metamorphosis has gone on 
will not serve, since this change has taken place, if we may judge from 
the location of the deposits, under conditions where volatilization could 
not occur, so that it must be adventitious in most, if not in all cases. The 
bitumen of Trinidad asphalt, however, contains 6.5 per cent, of sulphur 
and this may be considered as the source of grahamite of that island 
and of that of the sulphur which it carries, as the two bitumens are found 
not far apart. The bitumen of the asphalt, on the other hand, is asso- 
ciated with an asphaltic petroleum, issuing from wells sunk immediately 
adjoining the deposit, which contains only about 1.5 per cent, of sulphur. 
It is difficult, therefore, to say definitely what the source of the sulphur 
in grahamite is, but it must be in certain cases adventitious, as the bitumen 
found at the Le Grand deposit in Oklahoma contains quite large and 
well defined crystals of pyrite, visible to the naked eye, which have been 
deposited by infiltration through the fractures of the material. 

In Cuba deposits of bitumen are found which carry a very consider- 
able amount of adventitious earthy matter, resembling in this respect 
Trinidad asphalt, but the characteristics of the bitumens are such that 
they may be considered as grahamites, since these yield a high percentage 
of residual coke, over 30 per cent., and have a high density, although they 
are, like the Trinidad grahamite, more soluble in light naphtha than 
the type grahamite and, possibly, should be classed by themselves on 
this account, and because of their peculiar ultimate composition, as 
they contain, in addition to a high percentage of sulphur, much organic 
matter the nature of which is not revealed in the ordinary methods of 
combustion and which may be oxygen. 

Very pure grahamites are also found in Cuba at Bahia Hondo and 
Campo Florida, equalling in this respect those from West Virginia, Colo- 
rado and Oklahoma, and differing from them only in their higher per- 
centage of sulphur and greater solubility in light naphtha. The Bahia 
Honda bitumen resembles in outward appearance the type grahamite, 
having the schistose or hackly fracture. 

The grahamite from Huasteca, Mexico, described by Kimball 1 is a 
unique one in that it resembles gilsonite in its high lustre and fracture 
and in that it melts. It is quite insoluble in light naphtha, however, 
yields a high residual coke and corresponds in ultimate composition with 
grahamite. Kimball seems, therefore, to have been justified in classing 
it as such. 

In this connectiqp it is not out of place to call attention to the resem- 
blance of grahamite to that portion of the bitumen of the asphalts which 
is soluble in carbon disulphide but insoluble in light naphtha and which 
* Am . J . Sc $., [3] is, 277 (1876). 
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has been defined as a class as “asphaltenes” by the writer in distinction 
from the more soluble form which has been termed “malthenes” from 
their resemblance to natural maltha. The asphaltenes, like grahamite, 
do not melt, are not soluble in light naphtha, yield a high residual coke 
and have a similar ultimate composition, as can be seen from the follow- 


ing data: 

Trinidad Bermudez 

asphalt Grahamite asphalt West Va. 
Asphaltenes. Bahia Honda. Asphaltenes Grahamite 

Specific gravity 1.121 1. 157 1 . 1.10 1 . 130 

Residual coke 32.00 40.00 37.00 36.80 

Carbon 82.01 81.94 87.19 86.56 

Hydrogen 7.82 7.45 8 47 8.68 

Sulphur 10 86 7 65 4.83 1.79 

Difference ... 2.96 ,2.97 


100.69 100.00 100.49 100.00 

The agreement in the ultimate composition, specific gravity *and yield 
of residual coke between the asphaltenes in the asphalts and the graham- 
ites which contain larger and smaller amounts of sulphur is striking, 
and is evidence of the gradual metamorphosis of petroleum into graham- 
ite. 

In the table of analyses of grahamites data are given of several materials 
from Oklahoma under the heading “metamorphosed or altered graham- 
ites.” These are distinguished by their smaller solubility in carbon 
disulphide than that of the grahamites. They illustrate the interme- 
diate stages between that bitumen and the pyrobitumens such as albertite 
and the transition of one form into the other, although it has not been 
positively shown that the type albertite, from Nova Scotia, is derived 
from petroleum, as are the solid native bitumens which have been de- 
scribed in this paper. There is a great probability that it is a type of 
coal. 

The behavior of the grahamites with other solvents than those which 
have been mentioned is also of interest. Oil of turpentine and carbon 
tetrachloride do not have the same solvent power with all of them. In 
studying the solvent power of the former on various bitumens it was 
found that it dissolved when cold but 0.8 per cent, of the bitumen in 
the grahamite from the Impson Valley, 4.8 in that from West Virginia, 
and in all the others but little, as on standing in contact with them for 
twelve hours it was practically uncolored. With gradual rise in temper- 
ature the action was not increased and no solution takes place until 
the boiling point of the turpentine is nearly reached, •when at a definite 
point the bitumen dissolves. On cooling the bitumen separates out. 
She amount dissolved at high temperatures varies, as can be seen in the 
following table: 



GRAHAMITE, A SOLID NATIVE BITUMEN. 


IO47 


Solubility ok Grahamites in Hot Oil of Turpentine. 



Solubility in 

Per cent, of 


hot 

carbon 

total bitumen 


turpentine 

disulphide. 

sol. in turp 

35,901 Bahia Honda, Cuba . 

993 

99.6 

99 7 

75,637 West Virginia 

96 9 

97 8 

99. 1 

21,416 Mercedes Mine, Cuba 

46 -3 

49.6 

93*3 

22,216 Bahia Honda, Cuba. . . 

89 6 

99*4 

90.1 

21,657 Magdalena Mine, Cuba 

• 51 2 

58.0 

88.2 

44,626 Magdalena Mine, Cuba. . 

.... 47 2 

54 8 

86 1 

55,195 Santa Clara, Cuba 

66 4 

77 8 

853 

25,131 Santa Clara, Cuba 


79 1 

83*4 

52,000 Magdalena Mine, Cuba 

. ... 47.8 

58.2 

82 i 

21,415 Magdalena Mine, Cuba 

5* -6 

58*1 

81 .9 

47,615 Santa Clara, Cuba 

5* -4 

77 4 

75-4 

Impson Valley, Okla 

. 48.9 

91 .8 

53*2 

High 



99*7 

Low 



53*2 

Asphalt , Bermudez 

94 9 

95 6 

99 2 

Gilsonite 

99 7 

99 8 

99 9 


On the ground of their relative solubility in turpentine the Impson 
Valley bitumen is differentiated from the West Virginia and the Cuban 
grahamites and all of them are more or less variable in this respect. This 
peculiarity should be further studied, including the bitumens from Colo- 
rado and Trinidad. In the case of the asphalts, it will be noticed, the 
bitumen is equally soluble in turpentine and in carbon disulphide, the 
lack of solubility in some of the grahamites undoubtedly being produced 
by changes due to environment and age. 

It has been shown by the writer 1 that bitumens can be differentiated 
by the degree to which they are soluble in carbon tetrachloride, those 
showing the least solubility being the most metamorphosed by over- 
heating, as in the preparation of residual pitches from asphaltic oils 
by distillation, or by age. The grahamites show decided differences 
in this direction. The proportion of bitumen in the several deposits 
examined varies, showing different degrees of alteration. The Colo- 
rado grahamite contains the largest amount of bitumen of this kind, 
over 80 per cent., the Oklahoma 58 and the Trinidad 39 per cent., while 
the Cuban deposits, with the exception of that at Bahia Honda, have 
but small amounts. This class of the components of bitumen has been 
called “carbenes” by the writer. A further study of this characteristic 
of the grahamites would prove of interest. 

An interesting fact in connection with the mineral matter which is 
found in grahamite, and to which attention has been called by Messrs. 
Boater Hewitt and W. F. Hillebrand, is that, like the same component 
Of some other bitumens, it contains vanadium, especially the ash of that 
* Soc. Chem. Ind., 24, 310 (1905). 
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from the Impson Valley, which contains from 1 1 to 15 per cent, of V 2 0 3 . 
The West Virginia grahamite contains 3.38 per cent., while Trinidad 
asphalt has 0.089, manjak a small amount and albertite a trace, accord- 
ing to determinations furnished by Dr. Hillebrand. 

From the facts and data given in the preceding pages grahamite 
can be characterized as a class of bitumens and further differentiated 
into sub-classes. 

Grahamite may be defined as a brittle, solid native bitumen, the re- 
sult of the metamorphosis of petroleum, generally pure but at times 
associated with adventitious mineral matter, characterized, when pure, 
by a peculiar schistose fracture, which has been termed hackly. It 
does not melt, but merely intumesces, on the application of heat, is soluble 
in carbon disulphide and only to a small extent in light naphtha and 
yields a high percentage of residual coke on ignition out of contact with 
air. # 

Various deposits of grahamite vary sufficiently to make it possible 
to divide them into several sub-classes: 

1. Pure bitumens, 90 per cent, or more soluble in carbon disulphide. 

2. Bitumens associated with adventitious mineral matter. 

They may be subdivided again on a basis of solubility in naphtha, that 
is to say, the amount of malthenes which they contain, into: 

3. Bitumens but a small proportion of which is soluble in light naphtha. 

4. Bitumens of which a considerable part is soluble in naphtha, more 
than 15 per cent. 

And still further, as regards the percentage of sulphur derivatives of 
the hydrocarbon which are present: 

5. Bitumens with less than 5 per cent, of sulphur. 

6. Bitumens with more than 5 per cent, of sulphur. 

Individual grahamites can belong to more than one of these classes, 
but to only one in any group. 

It is evident that the form of bitumen which we have had under ex- 
amination is sharply differentiated from coal, asphalt and albertite and 
that there is no reason for confusing these minerals, as was done by the 
early writers. Whether there is any justification for further differen- 
tiating the grahamites and assigning names to special deposits, such as 
impsonite for the grahamite from Oklahoma, is a matter of opinion. 
From the writer’s point of view this is, at present, hardly necessary. 
Particular grahamites have individual characteristj.cs, but as a whole 
they are sufficiently alike to justify the application of the name to one 
class of bitumens, those which have been described in this paper, of which 
the original grahamite from West Virginia may be regarded as the type. 
Eldridge, in his "Asphalt and Bituminous Rock Deposits of the United 
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States,” 1 classifies the solid native bitumens, excluding the melaterite 
and wurtzelite for some remarkable reason and giving no place what- 
ever to asphalt, as asphaltite and coal, the former including albertite, 
impsonite, grahamite, nigrite and uintaite (gilsonite). Hofer has re- 
cently proposed to the writer that the solid native bitumens which are 
not asphalt shall be so denominated. It seems, however, that all these 
materials are so entirely different in character that we are hardly justi- 
fied in putting them in one class, except for the fact that they are not 
asphalt, and the proposition does not, at present, commend itself. 

In conclusion, the writer must acknowledge his indebtedness to the 
several assistants who have engaged in the investigation of the various 
grahamites and especially Mr. Kenneth Gerard Mackenzie, and Mr. 
J. S. Miller, Jr., for the study of the action of turpentine and tetrachloride 
of carbon on this bitumen. Prof. Jamieson and Mr. Ralph Langhy, 
of New Haven, have contributed ultimate analyses of several of the speci- 
mens, and have determined the presence of nitrogen, by the absolute 
method, in the Trinidad grahamite, Mr. Mackenzie has also aided in 
assembling the data and examining the cross references. 

30 Church St , New York City 

PROGRESS IN SYSTEMATIC QUALITATIVE ORGANIC ANALYSIS . 2 

By S. P. Muli.ikbn. 

Received June jy, 1910 

A general procedure in organic qualitative analysis that may be trusted 
to lead to the discoveiy of the proximate composition of any unknown 
organic substance whatever, whether this be a simple compound or a 
mixture, is demonstrably incapable of practical realization. Before pro- 
ceeding to the discussion of the main subject of this paper, it therefore 
behooves us to pause for a moment to note certain limits which Nature 
seems to have set against the too curious advances of the analyst. 

The most clearly insuperable of these limitations are associated with 
high molecular weight. If a paraffin hydrocarbon of the formula 
were to be isolated in a state of perfect purity and in large quantity from 
some natural product, it would be impossible to absolutely identify it 
as a compound corresponding to any particular structural formula by 
any combination of methods of investigation now known, or whose 
future discovery appears probable. Such a hydrocarbon would not differ 
by one one-hundredth of one per cent, in its hydrogen or its carbon 
content from its adjoining homologues, while in chemical and physical 
properties there would be no measurable differences between it and 

* 22nd Annual Report U. S. Geological Survey, Part I, 209-452. 

* An address delivered at the Second Decennial Celebration of Clark University, 
Worcester, Mass., Sept. x6, 1909. 
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thousands of its four million undiscovered structural isomers, which, ac- 
cording to the calculations of Cayley, are theoretically possible. Indeed, 
in the case of the discovery of such a high hydrocarbon by any process 
other than one of simple synthesis, no proof could be contrived which 
would show that the substance might not well be a mixture of many iso- 
mers and neighboring homologues; for all finite methods of purification 
by fractional separation based on differences in properties must inevita- 
bly fail when the numerical odds against them are so great, and we have 
no choice in such a case but to resign ourselves with the best grace pos- 
sible to an inevitably partial solution of our problem. 

But without having ascended to such an altitude in the homologous 
scale as in the instance just cited, it is often necessary or expedient to ac- 
cept incomplete answers in qualitative inquiries because of our thralldom 
to the rule that unknown compounds in mixtures cannot in general be 
fully identified without previous isolation in a state of purity. It is for 
this reason that it is so common a practice in technical analysis to ex- 
press the quantitative composition of familiar and important products 
in conventional or collective terms. Long and thoroughly as the animal 
fats have been studied, for example, there is probably no instance on 
record of a quantitative examination of any natural fat in which it could 
be safely claimed that the structural identity of all its fatty acids contain- 
ing less than eighteen carbon atoms had been irrefutably established. 
Nor would it be surprising under the circumstances if such a result were 
never accomplished. 

Thus handicapped, systematic qualitative organic analysis has de- 
veloped slowly when compared with the simpler qualitative analysis of 
the inorganic elements and salts. Yet, if we contrast the difficulties to 
be overcome in constructing an orderly scheme for the separation and 
identification of the list of less than one hundred elements with the diffi- 
culties to be met in any corresponding scheme for the organic compounds, 
and then recall what has already been accomplished in overcoming them, 
and also the imperfections which present-day inorganic qualitative schemes 
still exhibit when the rarer elements are included, the organic chemist 
will find little cause for pessimism. The greater part of the contribu- 
tions to organic qualitative analysis have been made, however, without 
much thought of the part which they might be made to play in 
any comprehensive scheme of procedure, and have often owed their 
origin to incidental observations made during the execution of investiga- 
tions of broader scope and different purpose. Fischer’s numerous char- 
acterizations of compounds in the sugar, purine and protein groups, by 
weltchosen reactions and derivatives, and his ingenious separations 
for fne amino acids formed in proteolysis are illustrations of this fact. 
Among the rather numerous handbooks of organic analysis, although 
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many devote much space to qualitative testing, the speaker recalls only 
one whose author (Barfoed, 1878) has been sufficiently venturesome to 
incorporate the phrase “Organic Qualitative Analysis" in its title. Of 
the many commendable partial schemes for the isolation and identifica- 
tion, or the detection in certain classes of mixtures, of carbon compounds 
belonging to restricted groups, we owe the origin of a large proportion 
to an acute need of special analytical assistance in some department of 
industry, research, or governmental .control. To such cause we owe 
much of what is most valuable in “Allen’s Commercial Organic Analysis, ” 
Posts’s “Chemisch-technische Analyse/' and the works of Vortmann,Dragen- 
dorff, Hoppe-Seyler, Konig, Leach, Sherman, and others. The investi- 
gation of methods for the detection and determination of constituent 
radicals has also proved a fruitful source of valuable material, much of 
which has been made accessible for ready reference in H. Meyer's “Analyse 
und Konstitutionermittelung organischer Verbindungen." 

The resolution of mixtures is usually the first, and often the most 
difficult part of a qualitative analysis. Definite plans for correlation 
in a broad general procedure of the methods of separation that have 
proved effective in the study of restricted classes of mixtures have yet 
to be proposed. The speaker is not in accord with the rather prevalent 
view that it is useless to strive for broader and more systematic separa- 
tion procedures. But, on the other hand, as he is unprepared to play 
the prophet's r61e, it may be more profitable for him to confine the fol- 
lowing discussion to the topic of systematic procedures for the identifica- 
tion of pure compounds, this being an important division of the qualita- 
tive problem whose solution seems nearer accomplishment. 

Prior to 1831, the date of the inauguration of those revolutionary 
improvements in organic combustion methods by Liebig, which rendered 
it possible to determine the percentage composition of any carbon com- 
pound with considerable accuracy and comparative convenience, it does 
not appear that any comprehensive systematic methods for identifying 
previously described organic compounds had been formulated, or that 
the lack of them had been felt as a serious inconvenience. The num- 
ber of pure compounds that had been described was comparatively small, 
the possibility of laboratory syntheses for organic compounds having 
only just become recognized, and the descriptions of such compounds 
as were known were not scattered as to-day through an almost endless 
list of special journals and treatises. A chemist of this earlier period, 
if a man of extended practical experience, well read, and having access 
to a good library, rested more or less content in the knowledge that he 
could probably accomplish by a purely eclectic procedure based on his 
miscellaneous sources of information, ingenuity, and common sense, 
alltfaat was then analytically possible. 
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Thanks to Liebig’s writings and the influence of the students who passed 
from his Giessen laboratory, his simplified methods of ultimate analysis 
were not long in becoming widely known. In scientific laboratories 
they were everywhere welcomed and adopted. This welcome was richly 
deserved; for, besides serving as a means to determine percentage com- 
position values — which will perhaps always remain the most funda- 
mental of chemical constants — their use, in connection with the later 
widely adopted vapor density molecular weight determination meth- 
ods, furnished all information required for the calculation of empirical 
formulas. These, if we add knowledge of genetic relations and chemical 
behavior, become structural formulas with all the added information 
as to chemical characteristics and individuality which are inherent in 
the latter. The vapor density molecular weight determination methods 
reached their climax: for the organic chemist in the air displacement 
form proposed by Victor Meyer in 1878. The prestige of the empirical 
formula as an aid in compound identification was soon still further en- 
hanced by the discovery of Raoult’s principle, followed by the invention 
of the Beckmann thermometer in 1888, these aids to molecular weight 
determination finally enabling the inclusion among the compounds of di- 
rectly determined empirical formulas of a large share of the non-volatile 
compounds. Other causes about to be mentioned also conspired to bring 
the analytical importance of the empirical formula to extreme promi- 
nence. 

During the two decades closing in 1880, the unprecedented increase in 
newly described organic compounds had already begun to assume 
the dimensions of a threatening deluge. The synthesist responsible 
for the creation of a new species, being aware of its genetic rela- 
tions, and having determined its empirical formula, was usually in 
a position to correctly interpret the chemical identity of his progeny; 
though to prove that his discovery was really an original one by a search 
through the. swollen literature had become a task to be undertaken with 
fear and trembling. The time rapidly approached when the healthy 
future development of organic research seemed likely to receive a serious 
check from the confusion and discouragement in store for investigators 
who could only hope to escape plagiarism in recounting their alleged dis- 
coveries by well-nigh interminable bibliographical delvings. Those of us in 
the younger generation of organic chemists are not in a position to even 
faintly appreciate the sigh of relief that must have been breathed by 
hundreds of workers in many lands when these chaotic conditions were 
ameliorated in 1882 by the completion of the first edition of Friedrich 
Beilstein’s great handbook of organic chemistry. With rare foresight 
Beils tein had in season anticipated the mission which this re mark able 
work had to fulfil, and its publication after twenty years of incessant 
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labor, occurring as it did at this critical period in the development of or- 
ganic chemistry, is of epoch-making importance to organic qualitative 
analysis as well as to all other departments of the science. 

Beils tern’s “Handbuch” was a digest of the complete literature of the 
modes of formations, properties and reactions of all the analyzed com- 
pounds of carbon. It did not purport to be an analytical guide, and in 
its introduction the possibility of a qualitative organic analysis at all 
comparable to the inorganic is categorically denied. Nevertheless, 
because of the completeness and orderly arrangement of its concise de- 
scriptions, its importance as an aid in the identification of organic com- 
pounds may be fairly estimated as greater than that of all the special 
analytical treatises which have ever been issued. Its general classifica- 
tion for the compounds has some times been criticized as clumsy and 
confusing, but the division of species according to chemical function, 
saturation, and in homologous series, has, on the whole, served the in- 
terests of the analyst well ; and the invention of a simple device for loca- 
ting in its pages the description of any desired compound of known em- 
pirical formula, which has been more recently made available through 
the ingenuity and codperation of M. M. Richter, the manager of the 
Prinz Dye Works in Carlsruhe, has now long served in case of compounds 
of this class to greatly facilitate their identification. 

Richter’s “Tabellen der Kohlenstoff-Verbindungen ” with its 20,000 
brief references to the literature and properties of the analyzed organic 
compounds was issued in 1884. The first volume of the second edition 
appeared in 1900 under the altered title of “Lexikon der Kohlenstoff- 
Verbind ungen.” In its present completed form this edition registers 
more than one hundred thousand compounds of determined empirical 
formulas, and gives direct access to the full description and literature of 
each by citation of the proper volume and page number of Beilstein. 
As a bibliographical index for compounds of known empirical formula it 
is hard to imagine anything simpler or more complete than the Rich- 
terian classification. The exact position of every possible compound 
(if we exclude the arrangement of isomers with reference to one another) 
is automatically fixed by its formula alone, and is as easily found, and 
in much the same manner, as a word in a dictionary through a knowledge 
of the relative positions of its letters in the alphabet. The completeness 
of the tabulation is suggestively indicated by the author’s remark that 
his guiding thought during its preparation was “Das Unwesentliche, 
d. h. die weniger bekannten Verbindungen, stets in erster Lime und 
vollstandig hervorzuheben.” On the other hand, its use as the basis 
for a method of identification for unknown organic compounds is often 
attended with serious or prohibitive difficulties. 

It has been already pointed out that an absolute determination of 
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species among the carbon compounds is theoretically impossible by any 
combination of tests in the case of compounds of extremely high molec- 
ular weight, and that the unavoidable errors of ultimate organic analysis 
with such substances are large enough to prevent analysts from making 
any selection between a large number of seemingly possible and equally 
probable empirical formulas. This unfortunate circumstance prohibits 
the use of the Richterian system in large and important fields where 
quantitative investigation by other methods may be conducted with good 
prospect of success. For example, the dyestuff tables of Schultz and 
Julius describe a hundred distinct tetra-azo dyestuffs having molecular 
weights above 500, and some of them exceeding 1000. These colors are 
many of them important, their constitutions well established by syn- 
thesis, and their identification through their t physical and chemical 
properties, or at least their approximate identification — which is often 
all that is required — is not especially troublesome. The absurdity of 
an attempt to identify an unknown color of this class through i£s em- 
pirical formula — which would usually involve the quantitative deter- 
mination of at least six elements with an impossible degree of precision — 
is so patent from the mere mention of the stoichiometric conditions that 
it may be hoped it has never been made by any rational being. 

A second defect in the method of the empirical formula, which in the 
ordinary laboratory curtails its actual application even more than the 
absolute limitation just mentioned, is the fact that much special 
manipulation, skill and apparatus are necessary to ensure trustworthy 
results in elementary organic analysis, and that so much time is always 
consumed in the preliminary arrangements for a combustion and in its 
conduct. In the larger organic laboratories where the combustion of 
new synthetic products is an almost daily incident of the routine of 
investigation, and the equipment of the combustion room is maintained 
at all times in a state of perfect preparedness for emergency calls, so that 
no time need ever be lost in the mobilization for an analysis, the organic 
combustion is not formidable to the initiated. But under other circum- 
stances — and they are the prevalent ones — chemists do not resort to 
the method of the empirical formula except under rather strong com- 
pulsion, and many identifications which ought to be made are not even 
attempted. 

In view of these defects and inconveniences, it is natural to inquire 
whether there is hope of securing in the future any scientific substitute 
for the method of the empirical formula. In the comprehensiveness 
and simplicity of its classification .of compounds, it must be admitted 
that it will be vain to expect anything but loss from radical changes in 
the Richterian arrangement; but, if we accept the log ician ’s definition 
kt a scientific classification as “ Nothing more than a system of division 
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carried out in such a way as to best serve a given purpose/’ and if our 
purpose is convenience and effectiveness in general qualitative investiga- 
tion, the possibility of other and more scientific classifications is not to 
be denied; and it has seemed to the speaker that the discovery of such 
methods of classification is at present one of the important and attractive 
fields for organic chemical research. What the final outcome of this 
quest will be — if we have the right to speak of a final outcome in a prob- 
lem which from its nature permits of only progressive partial solu- 
tion — no one can as yet speak with full authority. Some of the general 
considerations bearing on the subject may, however, be brought to your 
attention. 

Scientific classifications are chiefly concerned with relations of resem- 
blance and contrast. To answer the question what points of resemblance 
and contrast must be regarded, and in what order, if we are to make a 
classification scientific, is to say that no basis of classification (“ funda- 
mentum divitionsis”) is per se better than any other. All depends on 
the ultimate object. If the object of a classification is ready diagnosis 
of natural objects, it is evident that the characteristics used as differentiae 
for distinguishing between groups should permit of easy as well as cer- 
tain determination; and it is also a good quality in such a division to 
collect individuals in the lowest group for comparison which are on the 
whole most alike. Methods of subdivision which aim at discovering 
something without regard to whether the resemblances of adjacent species 
are fundamental or accidental, like the classification of words in a dic- 
tionary according to the accidental alphabetical sequence of their letters, 
are called artificial systems. The Linn scan and Richterean systems 
belong to this category. No comprehensive system of division in natural 
science is free from many artificial features. But these are more likely 
to be prominent in the early than in the later stages of the development 
of a classification; the pioneer in such work having to first bridge his 
rivers with such structural materials as lie nearest at hand. 

To the observant mind the discovery of possible differentiae for the 
classification of natural objects is an easy and fascinating pastime, though 
to make a wise selection may often be quite the reverse. Thus we read 
in the quaint diary of the botanist Linnaeus under the date of June 12, 
1632, in his “Lapland Observations” : “Close to the road hung the under 
jaw of a horse, having six front teeth, much worn and blunted, two canines, 
and at a distance from the latter twelve grinders, six on each side. If 
I knew how many teeth and what peculiar form, as well as how many 
udders, and where situated, each animal has, I should perhaps be able 
to contrive a most natural methodical arrangement of quadrupeds.” 
As with Linnaeus 1 quadrupeds, so with organic compounds — we find a 
multitude of easily determined properties from which we may choose 
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the differentiae for our classification, and by the exact coincidence of a 
sufficient number of these characteristics of different orders with those 
of an unknown compound, the identity of the latter may be proved. 
Qualitative elementary composition, color, melting and boiling point, 
specific gravity, odor, taste, solubility, refractive index, specific optical 
rotation, electrical conductivity, absorption spectra, color reactions, 
precipitations, and general chemical behavior — especially simple chemical 
reactions that throw light on the nature of dominant atomic groups and 
structural peculiarities — may all be thus used. 

Regarding the chemical compound, or individual, as the species of a 
chemical system, it appears most natural to group these species in such a 
way as to make the next higher unit or genus contain species which are 
most similar in general chemical behavior. This would, for example, 
tend to make congeners of members of all homologous series containing 
the aldehyde radical, provided we could find sufficiently reliable and 
simple chemical tests for showing the presence of the CHO grouf>. Re- 
cent chemical literature abounds in suggestions for tests suitable for 
generic differentiae , though much additional work will be required in 
every instance to determine the real value and exact boundaries of the 
genera that their employment would create, there being ever-present 
danger that overconfidence in the constancy of behavior of a reagent 
towards a given radical in different structural environments may lead 
to false conclusions. Thus, it is not safe to assume that under certain 
specified conditions all ketones will form oximes; all acids and phenols 
will dissolve in alkali; all esters will be saponified; or all unsaturated 
compounds will add bromine. In first delimiting a genus such assump- 
tions may be adopted, after preliminary experiments, as tentative 
working hypotheses; but the contents and existence of the genus must be 
held to be strictly provisional and dependent on the positive outcome of 
the proposed genetic reaction when applied to a larger number of its care- 
fully selected species, and to its negative outcome when tried with numer- 
ous members of all genera of higher numerical designation in the same 
classificatory order. It will also be the duty of the classifier to indicate, 
in a manner that will leave no doubt in the minds of readers, all descrip- 
tions, or parts of descriptions, for which he is personally responsible; 
for unless some means is given for distinguishing between data which he 
has verified, and others which he has not, the authority is liable to be 
more or less implicated in the mistakes of others for which he need have 
assumed no responsibility, but which will now tend to vitiate the value 
of his classification as a whole. 

It would be premature at this time to present in all its min utiae any 
plan fo| v such a classification as has just been suggested in its outlines. 
Details in illustration of the speaker's original conception and partial 
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execution of such a plan are to be found in the already published first and 
third volumes of his “Method for the Identification of Pure Organic Com- 
pounds” All that is desired here is to lead to a discussion of the ad- 
vantages in the plan for Chemistry; and, if it is sound, to arouse interest 
with a view to eventually bringing about a wider cooperation for 
furthering its future development. The difficulties to be overcome are 
considerable. Recorded descriptions of organic compounds, while fre- 
quently very complete for a few properties like melting and boiling 
points, are commonly equally deficient concerning others — especially in 
exact data showing the extent of the influence of slight variations in chem- 
ical constitution on the results of the selected differential tests. The occa- 
sion hence arises for an investigation or partial reexamination of a con- 
siderable proportion of the species receiving locations. If one has the pure 
compounds with which to experiment, the tests are easily made. But 
as only a few thousand pure compounds can be procured through com- 
mercial channels, and most of these require some purification, success 
in the construction of a comprehensive diagnostic classification implies 
assistance from private collections throughout the world; for to syn- 
thesize any considerable part of the rarer species would overtax the facili- 
ties of the largest and best equipped of laboratories. 

To bring a majority of the carbon compounds referred to in Richter’s 
Lexikon into an essentially “natural” classification of the kind sug- 
gested would, assuming the study of tests and revision of constants 
to be thoroughly done, perhaps involve a labor as ' great as the 
transformation of the “artificial” botanical classification of Linnaeus 
into the modern “natural” system as it was left by de Candolle. An 
undertaking of this magnitude and character might presumably in the 
present century be accomplished with greater benefit to science under the 
direction of some such organization as the committee entrusted with the 
periodical revision of Beilstein’s “Handbuch” and the Richter “Lexikon” 
than under private auspices. 

Massachusetts Institute of Technology, 

Boston, Mass. 

[Contribution ror the Chemical Laboratory or the University or Illinois.] 

SYNTHESIS OF THE a, a'-DIMETHYL ADIPIC ACIDS, AND SEPARA- 
TION OF THE RACEMIC ACID INTO OPTICAL ISOMERS. 

By William a. Noyes and L. P. Kyeiakides. 

Received June 84, 1910. 

The a-a'-dialkyl-dicarboxylic acids are described in the literature as 
existing in two stereomeric forms — known as maleinoid and fumaroid. 
As far as we know none of these acids have been resolved into optical 
isomers. Bischoff and Walden 1 have failed in the resolution of the suc- 
4 Ber, t 22, 1814. 
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dnic acids. And because of this failure, the view has been entertained, 
that in such cases even saturated molecules are fixed in space, so that 
the singly-bound group or atom can not rotate. 1 

By glancing at the structure of a,a'-dimethyladipic acid, we see that 
this acid, like tartaric acid, has two asymmetric carbon atoms, and conse- 
quently, according to van’t Hoff’s theory, it ought to be resoluble into 
optical isomers. As will be seen later, we have succeeded in effecting 
this resolution. 

CH a CH(CO s C 2 H 5 ) 2 

Ethyl Ester of But a net dr a carbox vlic Acid , | . — At 

CH 2 CH (C0 3 CjH 5 ) a 

first we prepared this compound in toluene. The best yield was obtained 
by using an excess of sodium, about one and one-half times that required 
theoretically in the malonic ester condensation. The sodium was shaken 
to granules in boiling toluene. The mixture was cooled, and equivalent 
portions of ethylene bromide and malonic ester were added. After 
three hours’ cooling, the mixture was heated on the steam bath for about 
15 hours. In this way from the pure malonic ester as well as from the 
recovered malonic ester, about 27-30 per cent, of the theoretical yield 
of butanetetracarboxylate boiling between 230-250° at 40 mm. was 
obtained. 

Meunier 2 has described the use of magnesium in the form of amalgam 
instead of sodium in the preparation of mono- and diethylmalonie ester. 
We have tried this method in the preparation of butanetetracarboxylate, 
and find it better, in this case, than the use of sodium. 

Ten grams of clean magnesium ribbon were put in a 500 cc. round- 
bottomed Jena flask, 400 grams of mercury added, and the mixture 
heated and shaken until the amalgamation was complete. The flask 
was then provided with a protected reflux condenser, 100 cc. of abso- 
lute alcohol was added, and the mixture heated on the steam bath for 
three hours. Occasional shaking of the flask, vigorously, hastens the 
formation of the magnesium ethylate by breaking the crust that dings 
to the sides of the flask. The flask was then cooled somewhat, and 100 
grams of malonic ester were added, care being taken that the liquid did 
not boil too vigorously. When the reaction subsided, the flask was 
heated on the steam bath for three hours more. The alcoholic solution 
of the magnesium malonate was then cooled somewhat, 58 grams of 
ethylene bromide added, and after a short time the mixture was heated 
on the steam bath for 10-14 hours. 

The alcohol was distilled off as much as possible under reduced pressure 
and the reaction mixture was treated with water and hydrochloric acid 

1 Lean, 7. Ckem . Soc., 65, 1001, 

* Compt. rend., 137, 714. 
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until the liquid separated into two layers. Ether was then added, the 
mixture shaken, and the ethereal solution separated and washed twice 
with dilute hydrochloric acid in order to wash away any magnesium held 
by the butanetetracarboxylate. After drying with sodium sulphate 
the ether was evaporated off, and the residue fractionated under reduced 
pressure. In this way 40-43 grams of the butanetetracarboxylate were 
obtained, boiling between 210-230° at about 10 mm. A low pressure 
is essential for successful fractionation of the product. 

From’ each condensation about 40 grams of malonic ester were re- 
covered, and used in subsequent condensations. The yield is, there- 
fore, from 65 to 70 per cent, of the weight of malonic ester used or from 
60 to 65 per cent, of the theoretical. The method is much less trouble- 
some and, so far as we can judge from his statements, gives better yields 
than the method of Perkin. 1 

Ethyl Ester 0} Dimethylbutanetetracarboxylic Acid, 
CH 2 ~C(CH s )(C0 3 C 3 H 5 ) 3 


. — Ten grams of sodium were dissolved in about 


CH a — C(CHj) (C0 2 CjH 5 ) 2 

120 cc. of absolute alcohol, the solution was cooled in ice water, and a 
mixture of 70 grams butanetetracarboxylate and 64 grams of methyl- 
iodide was added drop by drop, while the flask was continually shaken 
to keep the mixture from getting warm. It was found that the yield 
in the product was much greater when the mixture was kept thoroughly 
cooled. After the mixture had stood in the cold about half an hour it 
was warmed on the steam for an hour or two, while the flask was connected 
with an upright condenser. The alcohol was then evaporated off under 
reduced pressure. Water and a little hydrochloric acid were added. 
The ester was taken up in ether, washed with dilute potassium hydroxide, 
dried, the ether evaporated off, and the ester left to crystallize. The 
ester was purified by recrystallization from petroleum ether. 3 The yield 
of the recrystallized product was about 85 per cent. By working with 
smaller amounts we have succeeded in obtaining as high as 95 per cent, 
of the theoretical. 


CH 3 — CH(CH s )C0 2 H 

a-a'-Dimethyladipic Acids , | . — These were pre- 

CH a — CH ( CH S ) COjH 

pared from the pure crystallized dimethyl butanetetracarboxylate by 
the method of Lean* by boiling for 16 hours with a mixture of 350 cc. 
each of water and concentrated sulphuric add. 165 grams of the di- 
methyl butanetetracarboxylate gave the theoretical amount of the adipic 
adds. The separation of the mixture into the two modifications, known 


1 /. Chem. Soc ., 65, 578. 

■ Lean, J. Chem. Soc., 65, 1004. 
3 hoc. cit. 
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as the ftimaroid, and maleinoid, was carried out by a combination of 
the methods of Zelinsky 1 and Lean, 2 that is, by crystallizing from water 
and benzene. The final cryvStallizations were from water. 

The dried acids melted at 143 and 70°. The lower melting modifica- 
tion begins to soften at 65°. Zelinsky gives the melting points as 140- 
141 0 and 74-76°. Lean gives 142° and 70-72°. 

Separation of the Racemic a, a f -Dimcthyladipie Acid into its Optical 
Isomers.— Twenty-seven grams of the acid melting at 70° were dissolved 
in 450 ce. of w r ater, and 32 grams of brucine were gradually added to the 
hot solution. 131 grams brucine are necessary to neutralize completely 
the 27 grams of the acid. We have used about one-fourth of the weight 
of brucine, theoretically required, with the object of forming the acid- 
salt of the less soluble optically active acid. The solution, while hot, 
was inoculated with a few crystals of the brucine salt from a former 
preparation, and the liquid left overnight. The crystals were collected 
on a filter, and washed four times w T ith about 15 cc. of water each. They, 
were then dissolved in 250 cc. of hot water and crystallized. One more 
crystallization from 150 cc. of water is all that is necessary. 

The salt was dissolved in about 150 cc. water, decomposed with sodium 
hydroxide, cooled in ice, the solution of the sodium salt of the acid fil- 
tered off from the alkaloid, and the latter washed several times with 
cold water. 

The aqueous solution was treated with hydrochloric acid, a little in 
excess of the amount required to neutralize the sodium hydroxide used. 
The acid was then extracted 5 times with ether, the latter evaporated 
off, and the acid crystallized once from a little water. The add thus 
obtained gives a positive rotation of (a)* 8 ° ** 431.3° in 10 per cent, alco- 
holic solution. It begins to soften at 103.5 0 and melts completely at 
105.5°. Yield, 7 grams A sample of the acid (0.1741 gram) titrated 
required 20.02 cc. 0.1 N potassium hydroxide. Theory, 20.00 cc. For 
the /-acid the mother liquor from the first crop of the brudne salt, 
in the preparation of the d-acid, was extracted with ether. The acid 
thus obtained melted at 70-95°. 

Ten grams of this acid were dissolved in 150 cc. water and 11 grams 
of brucine added. The crystals that separated were recrystallized from 
diminishing amounts of water four times. The acid that was liberated 
and purified as in the case of the dextro acid, melted at 85-103° and 
gave a rotation of (a)^° = — 23.4 in 10 per cent, alcoholic solution. A 
sample titrated required 4.02 cc. 0.5 N potassium hydroxide. Theory, 
4.00 cc. The rotation in comparison with that of the dextro acid indi- 
cates that this acid still retained about 12 per cent, of the dextro form. 

1 Ber. t 24, 3997. 

2 J. Chem. Soc. t 65, 1006. 
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Lack of time and material prevented us from carrying the purification 
of the levo form further. 

An attempt to separate the fumaroid form of the a-a'-dimethyladipic 
acid (m. 143 0 ) into optical isomers by means of its brucine salt was un- 
successful. It is undoubtedly a “meso” form, optically inactive by 
internal compensation. 

Sumihary. 

By using magnesium amalgam for the preparation of magnesium 
ethylate and condensing ethylene bromide with malonic ester by means 
of the latter the yield of butanetetracarboxylic ester has been greatly 
improved and this compound is now rather easily accessible. 

The d/,a,a'-dimethyladipic acid (m. yo°) has been resolved into its 
optical components, of which the dextro form has been obtained in a 
state of purity. It melts at 104-105° and has a rotation (a)™° -= -} 31.3 0 
in a 10 per cent, alcoholic solution. 

The levo form was only obtained in a relatively impure form, melting 
over a wide range and given a rotation (a) D — — 23.4°. 

The “meso” form of <*,a'-diinethyladipic acid (m. 143 0 ) gave no indi- 
cation that it could be separated into optically active components by 
crystallization with brucine. 

The separation of the racemic o-a'-dimethyladipic acid into its op- 
tically active components definitely disptoves the view expressed by 
Lean 1 that the carbon atoms are so united in this and similar cases that 
optical isomerism is impossible. These acids exist in four forms in 
close analogy with the four tartaric acids and in strict accord with the 
theory. The synthesis of laurolene from a-a'-dimethyladipic acid will 
be described in a subsequent paper. 

UrbakAi Illinois. 


[Contribution from the Chemical Laboratory of the University of Illinois.] 

MOLECULAR REARRANGEMENTS IN THE CAMPHOR SERIES. III. 
OXIDATION PRODUCTS OF /- AND ./-LAUROLENE.- 

By William A. Novi s and C. <>. Dxkick. 

Received June 24, 1910. 

Levo-iaurolene. 

In a previous paper 5 it was shown that laurolene, when prepared from 
the nitroso derivative of aminolauronic anhydride by boiling with sodium 
hydroxide solution, always gave an optically negative hydrocarbon, 
1 Lac . cit. 

* Abstract of one part of a thesis presented by Mr. Derick to the Graduate School 
of the University of Illinois in partial fulfilment of the requirement for the degree*of 
Doctor of Philosophy. 

5 Noyes and Derick, This Journal, 31, 670* 
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C 8 H u . This work has been repeated and the hydrocarbon from differ- 
ent preparations gave (a)£ 9# * — 15*72 and (a)* 7 ° * — 18.13. The 
value of the negative rotation changes with the method of preparation, 
as Crossley and Renouf 1 have previously shown. The higher value of 
the rotatory power was found when the hydrocarbon was distilled from 
its sodium hydroxide solution as rapidly as it was formed. It would 
‘ seem that longer contact with the alkaline solution causes the racemiza- 
tion of a part of the laurolene. 

This product upon oxidation gave the diketone mentioned in the first 
article. Contrary to the statement made at that time, the diketone 
does not easily condense. In fact it gives very constant boiling point 
determinations with no evidence of decomposition. The boiling point, 2 
under 750 mm. pressure, is 204 0 (cor.). The optical activity was found 
to be (a)* 6 * 5 ° = 0.53 0 while that of the previous preparation* was found 
to be ( a)l 5 ° — — 8.47°. Hence it is evident that the diketone, like the 
hydrocarbon, possesses an optical rotation which varies with the n^ethod - 
of preparation. 

The diketone forms an oily dioxime, which gave upon analysis: 

Calculated for C 8 H 16 N,O s : N, 16.27; found: N, 15.45. 

An oily monophenylhydrazone was obtained which gave upon analysis: 

Calculated for C^H^ON,: N, 12.07; found: N, 12.72. 

Although these analyses were made with products which could not be 
carefully purified they are sufficiently accurate to show that the oxida- 
tion product of /-laurolene is a diketone. 

In the case of the semicarbazone, more satisfactory results were ob- 
tained in the form of a white crystalline product melting at 194 0 (cor.) 
The substance separates very slowly from the solution in which it is pre- 
pared. It was not found possible to recrystallize it. The portion used 
for the melting point and analysis was washed thoroughly with warm 
water (about 60 °) till free from chlorides. The analysis gave: 

Calculated for C^HjqOjN,,: C. 46.87 H, 7.82 N, 32.81 
Found: 46.50 8.80 31. 71 

These analyses were made with very small amounts, since the yield 
of the disemicarbazone was very small and much time is required for the 
preparation. But the results prove beyond a doubt that the oxidation 
product of laurolene is a diketone. 

Attempts to condense the diketone by heating alone and with sodium 
hydroxide were unsuccessful. Phosphorus pentoxide gave a very small 
yield of a product, boiling at 143 °, which could not be further investigated. 

1 Crossley and Renouf, /. Chem. Soc., 89, 38. 

9 This was determined by Sivolobov's method, Ber. t 19, 795, as modifi ed by Mul- 
liken, “A Method for the Identification of Pure Organic Compounds/* p. 222, 

* Noyes and Derick, Loc. cit. 
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A diketone of the formula C 8 H u 0 2 must necessarily be an open chain 
compound. This view of its structure receives strong confirmation from 
the synthesis of laurolene (see the following paper) and from the boil- 
ing point and specific gravity of isomeric diketones. 


. Boiling point. 

2,3-Octancdione CH 3 (CH 2 ) 4 C0C0CH 3 i 7 2 ~* 73 0 

Specific gravity 

732 mill. 

1 

3,4 Dimethyl 2,5-hcxanedione, CH 3 COCH(CH 3 ) 
CH(CH,)C()CH 3 

210° 


1 

3-Metliyl-2,4 licptancdione, C 3 H 7 COCH(CH 3 ) 
COCH, 

89 -QO 0 

20 mm. 

0 955* 

3 Methyl-2, 6-hpptancdionc, CH 3 (.'OCH(CH 3 )CH 2 
CHjCOCH, 

203-204 0 

750 nun. 

0.988* 


In general the specific gravities and boiling points increase as the car- 
bonyl groups are further apart. 

The presence of the acetyl group in the diketone was also demonstrated 
by the formation of bromoform when it is treated with sodium hypo- 
bromite. The diketonejreduces a neutral solution of potassium per- 
manganate instantly, as acetone does. 

Dextro-laurolene. 

In our previous article on laurolene, we stated that the direct decompo- 
sition of the hydrochloride of aminolauronic acid by means of sodium 
nitrite always gave an optically positive hydrocarbon, C g H 14 . Similar 
results have been obtained since the publication of the above article. 
The rotation of laurolene prepared in this manner being («)£ 6 ? ° — + 28. 15 °. 
The rotation of the hydrocarbon varies, therefore, with the method of 
preparation as was found to be the case with the optically negative lauro- 
lene. The density of the optically positive laurolene was found to be 
d\V - 0.8030 and d] {J* * 0.7991. The boiling point was 120.3-121° at 
750 111111. Thus levo- and dextro-laurolene possess the same composition, 
boiling points and density. 

Oxidation of dextro-laurolene by the same method employed with 
levo-laurolene gave a diketone. It was also purified by fractional dis- 
tillation w r ith a Sprengel pump and distilled from 70-80° under y 2 to 
1 mm. pressure. The product gave upon analysis: 

Calculated for C„H u O a : C, 67.60 ; H, 9.86 

Found: €,66.53, 66.50, 67.9; 11,9.90, 1015, 1060. 

The analysis of the diketone was very difficult. If burned in an open 
boat the results were uniformly too low, while if burned in a bulb with 
copper oxide it was exceedingly hard to bum the last traces of carbon. 
Extra long burning with some copper oxide in the bulb with the diketone 
gave the last analysis, which is within the limits of experimental error 

1 Ponzio and Prandt, /. prakt. Cketn ., (2) 58, 402. 

* Dem^tre Vladesco, Bull. sac. chim (3) 6, 809. 

* Bouveault and Bongert, Ibid., 2% 1087. 

* Noyes and Derick, This Journal, 3 x, 672. 
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for carbon. The results show that a diketone is formed which boils 
at the same temperature as the diketdne from levo-laurolene. 

Several determinations of the optical activity of the diketone from 
dextro-laurolene, as above prepared, showed it to be optically inactive. 
Experiments were performed with the diketone in the pure form as 
well as in 20.5 per cent, ethereal and alcoholic solutions. 

As in the case with diketone from levo-laurolene, the diketone from 
dextro-laurolene gave an oily oxime and phenylhydrazone. 

The semicarbazone was a white crystalline product which separated 
from water after long standing. It melted fairly sharply at 192° (cor.) 
and appeared to resolidify and again melt at 225 0 (cor.). A very recent 
preparation gave a semicarbazone which melted at 228° (cor.) with no 
evidence of a preliminary melting. The analysis of the product melt- 
ing first at 192 0 gave: 

Calculated for C 10 H S0 O 3 N 0 : N, 32.81. Found: N, 33.25 

It is evident that the oxidation product of dextro-laurolene is a dikptone 
identical with the diketone obtained from levo-laurolene. Therefore 
dextro- and levo-laurolene are mixtures of optical isomers, but the d- and 
/-forms occur in different proportions. In the levo-laurolene the /-form 
predominates while in the dextro-laurolene the d-form is in excess. 

Structure of Laurolene. 

The experiments described in this paper give further confirmation 
of the structure of laurolene first proposed by Eijkman 1 on the basis 
of refractometric studies and advocated by us in our previous paper. 2 
They have shown, also, that both d- and /-laurolene give a diketone 
by oxidation and that the semicarbazones of the ketones from the two 
hydrocarbons are, apparently, identical, indicating that the two hydro- 
carbons differ only in configuration and are otherwise identical in struc- 
ture. The formula established for laurolene is, CH(CH,) — C — CH, 

1 11 

CH 3 — CH— C— CH t 

Ur.ba.na, III. 

[Contribution from the Chemical Laboratory of the University of Illinois.] 

MOLECULAR REARRANGEMENTS IN THE CAMPHOR SERIES. IV. 
SYNTHESIS OF LAUROLENE. 

By William a. Noyhs and L. P. Kyriakidrs. 

Received June 24, 1910. 

Of the two hydrocarbons having the formula C S H M , the structure of 
isolaurolene has been established synthetically by Blanc.* Eijkman, 4 

1 Chem. Weekblad , 1906, No. 45; 1907, No. 4; Chem. Zentr . , 1907, II, 1208. 

1 This Journal, 31, 671. 

• Bull. soc. chirn., (3) 19, 703; Compt. rend 142, 1084. 

4 Chem, weekblad 1906, No. 45; 1907, No. 4; Chem. ZentralbL, 190% II, 1208. 
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having studied the optical properties of laurolene, has proposed the 
structure 

CH(CH a ) — C--CH, 

I II 

CH, — CH, — C — CH a 

for this hydrocarbon. 

Noyes and Derick 1 have^given experimental evidence in favor of the 
formula proposed by Eijkman. They oxidized laurolene, and obtained 
an active diketone. The only formula for laurolene — an active body 
itself — consistent with this behavior on oxidation is that proposed by 
Eijkman. 

The object of the present investigation has been to establish the con- 
stitution of laurolene by synthesis. As will be seen, we have verified 
experimentally the constitution of laurolene, as given above. 

CH a — CH(CHg). 

Preparation of 2 ^-dimethylcyclopentanone | /CO. — The 

CH a — CHCCHjT 

separation of d/,a,a'-dimethyladipic acid into its optically active com- 
ponents 3 was undertaken in the hope that this might be the starting point 
for the preparation, synthetically, of an optically active laurolene. When 
the dextro-a,a'-dimethyladipic acid was mixed with lime and distilled, 
the resulting dimethylcyclopentanone proved to be optically inactive. 

Having failed to secure an optically active ketone, in our further ex- 
periments the mixture of “meso” and racemic a,a'-dimethyladipic acids 
obtained by the saponification of dimethyl ketonetetracarboxylic ester 
(see preceding paper) was used. Portions of 12 to 13 grams of these 
acids were mixed with about 25 grams of calcium oxide and the mixture 
placed in a small distilling bulb, of such size that it was nearly filled. 
The bulb was placed in a bath of Wood’s metal and heated until the ketone 
was formed and distilled away. 

By this method 73 grams of the a,a'-dimethyladipic acids gave 33 
grams of the purified ketone boiling at 146-149°, the main portionjat 
147-148°. This is about 70 per cent, of the theoretical yield. Zelinsky 
and Rudski* give the boiling point as 145-147°. Better yields of 
the cyclopentanone are obtained by distilling the acid in portions of 6 
grams each. 

CH a — CH(CH)g. CH, 

i 9 2,yTrimethykyclopentanol-i. I * — This 

CHj — CHCCHgj X)H 

compound was prepared from the dimethylcyclopentanone by means 
of the Barbier-Grignard reaction. Eight grams of dean magnesium 

1 This Journal, 31, 669. 

* IHd. t 32, 1057. 

• 39, 304. 
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ribbon were put in a flask, with 25-30 cc. absolute ether and 50 grams 
of methyl iodide were added, the flask being provided with a protected 
reflux condenser. As soon as the reaction became vigorous, the reac- 
tion mixture was cooled. Towards the end, it was heated gently on 
the steam bath. When the solution of the magnesium was complete, 
the solution was cooled in ice water, and shaken continuously, while 
30 grams of the cyclopentanone were added* drop by drop, on account 
of the violence of the reaction. The mixture was left in the cold for 
about a quarter of an hour and then warmed on the steam bath for an 
hour. The reaction product soon separated out as a solid. 

The ether was then mostly evaporated off, and the product added 
slowly to crushed ice, while the latter was being stirred. Local heating 
is to be avoided, as the alcohol has a strong tendency to decompose. 

Ice-cold acetic acid was slowly added until the liquid separated into 
two clear layers. The upper layer was separated, washed once with 
dilute acetic acid, twice with dilute potassium hydroxide, ancj, dried 
quickly over sodium sulphate. The cyclopentanol was then fractionated 
under a very low pressure. 

The substance boils at 56-60° in the neighborhood of § mm. % Yield 
about 65 per cent. 

Analysis: Calculated for C g H,„ 0 : 0,74.98 H, i.» 68 

Found: C, 74.44 H, 12 74 

The specific gravity was d\V « 0.912 1. 

The refractive index as read on the Abbe refractometer and corrected 
was n = 1.4554 at 16.7°. 

CH(CHg) — C— CH S 

Synthetic laurolene , CgH^ or ) || . — Simply heating the 

CH 3 — CH 2 — C— ch 3 

cyclopentanol at ordinary pressure induces the breaking off of a 
molecule of water. However, complete dehydration in this way is a 
tedious process. In order to obtain the pure unsaturated hydrocarbon, 
we have usually used Zelinsky’s method. 1 

Eleven grams of the cyclic alcohol, which had lost most of its water 
by two distillations at ordinary pressures, were mixed with 10 grams 
of powdered anhydrous oxalic acid, heated at 100-110°, and distilled. 
Repeating the heating with oxalic once more, and subjecting the dis- 
tillate to steam distillation, drying the product over calcium chloride, 
and fractionating, we obtained the hydrocarbon boiling at 1 19-122 °. The 
specific gravity was djo° = 0.8039. 

Analysis of the hydrocarbon after it had stood a month : 

Calculated for C # H 14 : 0,87.27 ; 11,12.72 

Found: C, 87.06, 87.16; H, 13.15, 13.03. 

1 Ber ., 34, 3249. 
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In the last preparation of the hydrocarbon we used phosphorus pent- 
oxide as a dehydrating agent. It was necessary to dry the cyclopen tanol 
over phosphorus pentoxide and distil several times before the dehydra- 
tion j|s complete. The final fractional distillation gave a product that 
dist^^lmostly at 121. 6°. The hydrocarbon prepared in this way was 
foumHp oxidize rapidly in the air, so that the substance two weeks after 
its preparation gave 73.86 per cent, carbon instead of the theoretical 
87.72 per cent. 

In order to free the hydrocarbon from the oxidation product, the mix- 
ture was fractionated, and the fraction boiling up to 125 0 collected. 
This was then subjected to steam distillation, until the volume of the 
distillate was about 10 cc. This was dried, and fractionated, when about 
5 grams of the hydrocarbon boiling at 120-122° was obtained. 

Analysis of the product immediately after distillation: 

Calculated C, 87 2 7, H, 12 72. Found- C, 86 90; H, 12 94 

The refractive index of the hydrocarbon was =1.4464 at 16. 5 0 . 

In the purification of the alcohol and hydrocarbon we observed the 
same characteristic green coloration which was observed by Walker 
and Henderson 1 and which we ha\e often noticed in working with lauro- 
nolic acid and laurolene. 

The hydrocarbon was oxidi/cd with the theoretical amount of a 2 per 
cent, solution of potassium permanganate in the cold. The oxidation 
product w r a^ extracted several times with ether, directly from the oxi- 
dation mixture On fractionating the product, about 0.6 gram of sub- 
stance was obtained boiling at about 75 0 in the neighborhood of 3 111m. 

Analysis: Calculated for C„H 14 O a . C, 67.60; H, 9.86 

Found. C, 6979, 70.09; H, 1042, 10.36. 

The substance that was obtained as oxidized in the air, was treated 
with a little 2 per cent, solution of potassium permanganate and puri- 
fied. It was analyzed, and gave: C, 71.93; II, 10.59. Working with 
about 5 grains of the hydrocarbon and the yield in the oxidation product 
being so poor, we could not expect a very pure product. However, 
comparison of this oxidation product, with that obtained by Noyes 
and Derick 2 by the oxidation of the laurolene from the decomposition of 
aminolauronic acid, shows that they are the same. Noyes and Derick 
give as the boiling point of their diketone 203.6°. (See the preceding 
paper). Two samples of our oxidation product, prepared from two 
distinct preparations of the hydrocarbon, gave 203° and 204° as the 
boiling points of the oxidation products, respectively. 

Noyes and Derick give 0.9844 as the specific gravity of their pure 
diketone. The one last prepared by us gave 0.9733 at 20°. Both the 

1 J , Chem . Soc. % 49, 749. 

* This Journal, 31, 669. 
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lower specific gravity and the analyses indicate that the diketone re- 
tained a small amount of the hydrocarbon from which it was impossible 
to separate it owing to the small amount available. % 


Comparison of constants of the hydrocarbons : 

Boiling point. Sp gr. at 15 0 . 

C 8 H 14 from aminolauronic acid 1 20-1 2 2 0 o . 8030 

C,H 14 synthetic 1 20-1 22 0 0.8039 



The structure of laurolene as A'-i,2,3-trimethylcyclopentone must 
therefore be considered as fully established. 


Professor Eijkman has kindly determined the refractometric constants 
of our synthetic laurolene. He finds the refractive index slightly less 
than that of the laurolene from camphor, as we have done. He also finds 
the dispersion somewhat less and suggests that the synthetic laurolene 

CH(CH 3 ) — C-CH 2 

may contain some pseudolaurolene , | | , which would 

CH— CH— CH— CH n ' 

account ’for the difference. We hope to publish Professor Eijkman’s re- 
sults with laurolene and with some of the other compounds later. 

Urbina, III , August, 1910. * 


[Contribution from the Laboratory of the University of Illinois.] 

MOLECULAR REARRANGEMENTS IN THE CAMPHOR SERIES. V. 
MECHANISM OF THE REACTIONS BY WHICH 
LAUROLENE IS FORMED. 

By William A. Noyes. 

Received June 24, 1910. 

Having established the structure of laurolene (see the preceding papers) 
it is now possible to discuss intelligently the reactions by which it is 
formed. The most important of these are the following: 

1. By the slow distillation of camphanic acid 1 or by distilling calcium 
camphanate 2 

(CH,), - C — C(CH f ) — CO CH, C ~ C — CH, 

| \ - CO. + I \ 

COjHC — CH,CH 2 CH, - CH — CH, — CH, 

l — O 

The yield is 53 per cent, of the theoretical (Aschan) and the hydro- 
carbon is sometimes levorotatory and at other times dextrorotatory. 

2. By the distillation of lauronolic acid 3 (allocampholytic acid) : 

C 8 H 13 C 0 3 H - C 8 H 14 + CO r 

1 Wredeii, Ann., 163, 336; Aschan, Ann., 290, 187; Zelinsky, Ann., 319, 31 1; 
Crossley and Renouf, J. Chem. Soc., 89, 27. 

* Rupe and Maull, Ber., 26, 1202. 

Walker and Henderson, J . Chem. Soc., 69, 749. 
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The yield is not given and there is some indication that the allocam- 
pholytic acid used was a mixture. The hydrocarbon obtained was levo- 
The shifting of the methyl group in this case may have oc- 
Ither during the formation of the lauronolic acid or during its 
fsition to form laurolene. On the basis of refractometric meas- 
ts Eijkman concludes that the former is the case 1 and that the 
re of lauronolic acid is CH 3 — C — C(CII 3 )C0 2 H. It is our intention 

ch 3 — c— CH 2 -^CH 3 

to study this question further from the chemical side. 

3. By the interaction of sodium nitrite and the hydrochloride of amino- 
lauronic acid. 2 

(CH a ),-C C(CHj,)- - CO a H CH 3 C - C-CH 3 

j \ f NaNO, - NaCl \ | \ -4 N, 4 CO, 4 2 H a O. 

HC1NH, CII CH 2 CII 2 CH r - CH~CH,CH 2 

The yield is 19 per cent, of the theoretical 5 and the hydrocarbon is 
dextrorotatory. 

4. By heating the nitroso derivative of aminolauronic anhydride 
with sodium hydroxide. 4 


(CH,),«C C(CH 3 ) -CO 

l \ 

CH- CH,CH, 
l 


CH,— C - C— CH a 

1 :• NaOH « | \ + Na a CO a -f N a . 

CH, — C“CH a — CH a 

NNO 


The yield is 53 per cent, of the theory and the hydrocarbon is levo- 
rotatory. 

A consideration of these reactions leads us to the conclusion that the 
decompositions which take place lead to the formation of the complex 
(CH a ), = C — C(CH,) — , which is, of course, incapable of an independent 

I 

— CH— CH a — CH 2 

existence. Under these conditions one of the “gem” methyl groups 
shifts to the lower carbon atom giving an opportunity for the formation 
of a double union between the two upper carbon atoms of the ring. Er- 
lenmeyer 6 suggested the intermediate formation of a trimethylene ring 
in such cases but the fact that phenyl groups may shift their places as 
easily as methyl and that atoms in the para position in such phenyl 
groups remain para,* has rendered this explanation almost untenable. 
It seems much simpler to assume that one of the methyl groups is momen- 
tarily detached only to combine at once with the adjacent carbon atom. 


1 Private communication. 

3 Noyes, Am. Chem. J , 17, 432. 

* Noyes and Derick, This Journal, 31, 671. 

4 Noyes and Taveau, Aw. Chem. /., 35, 379. See also This Journal, 31, 671. 

* Her., 14, 322. 

* Montague, Rec. trav. chim., 24, 105; 25, 413. 
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The loosening of the affinity of the “gem” methyl groups for the carbon 
atom to which they are attached through the free valences of the two 
carbon atoms to which that carbon atom is attached is protgkfr an 
important factor in the reaction. 1 About the only apparent c^Btion 
to the view here expressed is the ordinary experience with carb^Bom- 
pounds that carbon atoms do not readily separate from each othe^KBut 
we know that at higher temperatures or in the presence of negativeBoups 
such separations do frequently occur. That the parts which serrate 
may recombine to a more stable grouping is to be expected. For the 
pinacone-pinacolin rearrangement and also for the a- and 5 -campholytic 
acids it has been shown that the shifting of the methyl group may be 
reversible, which points strongly to the probability that .separation be- 
tween carbon atoms may be much more frequent than we have supposed. 
Only in those cases where an opportunity is presented for a more stable 
grouping will the separation result in a rearrangement. The fact that 
laurolene has a higher specific gravity and boiling point than isolatflrolene 
makes it extremely probable that its heat of combustion is also higher 
and that the shifting of the methyl group is accompanied by a dissipa- 
tion of energy. Isolaurolene, of course, more nearly retains the- struc- 
ture of camphor. It is, perhaps, worth while to call attention to the fact 
that in the decompositions of camphanic acid and of the nitroso com- 
pound, in both of which cases the two carbon atoms of the ring are asso- 
ciated by a cyclic grouping, the loss of carbon dioxide and formation of 
laurolene occurs in much larger amount than it does in case 3 where the 
primary decomposition affects the amino group only. 

It may also be remarked that if we assume that these reactions are 
ionic in character the free valences in the intermediate product will be 
positive and negative respectively and that the methyl group which shifts 
its place would be negative as it does so. This is in accord with the hypo- 
thesis first proposed by the writer in 1901 2 * that atoms of the same ele- 
ment may in different cases assume either positive or negative charges. 
Essentially the same fundamental idea has been proposed quite inde- 
pendently by Abegg 8 and, from a wholly different point of view, by J. 
J. Thompson. 4 

The loss of carbon dioxide in these reactions is probably closely re- 
lated to the loss of carbon dioxide by any ion of an organic add when 
it loses its negative charge at the anode in electrolysis. 

Urbana. III. 

1 This Journal, 31, 1373. 

2 Ibid., 23, 463 (1901). 

8 Z. anorg Chem., 39, 343 (1904), 

4 “The Corpuscular Theory of Matter , ” p. 130 (1907). 
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THE HYDROCARBONS OF THE WOOL GREASE OLEINS. FIRST 

PAPER. 

By Augustus H. Gill and Laurence R. Forrest. 

Received June 30, 1910 

In 1904 Gill and Mason showed how these hydrocarbons might be 
distinguished from mineral oil. 1 

The hydrocarbons were obtained by saponifying the distilled wool 
grease oleins with an excess of alcoholic potash. The unsaponifiable 
matter was extracted with redistilled petroleum ether, treated with 
acetic anhydride to remove any cholesterol, and if more than 0.2 cc. 
of 0.5 N alcoholic potash per gram of oil were required for the saponifica- 
tion of the neutral oil present, these operations repeated until an oil of 
this quality resulted. 

The oil obtained has the following characteristics (for comparison those 
of some mineral oils are herewith shown). 

Bromine Refractive 

/ — * Optical rotation index 

Sp at 15 0 . Addition Substitution in 20010121. tube. at ?o°. 

o 896 28 8 14 2 -f 17 0 58' I 4967 

Mineral oils o 848-0 863 4.4-5 9 5 6-8 4 + i°2 / 1.4662-1 4750 

From the large bromine addition number these hydrocarbons would 
seem to be unsaturated compounds, and according to the investigations 
of Smith 2 to ha\e been formed by the breaking down of an ester, like 
cetyl palmitate, into the corresponding acid and the double-bonded 
hydrocarbon of a similar name, C 15 H 3l COOC 16 H33 = G l5 H 3l COOH + 
C 10 H 32 . Between two and three liters of these hydrocarbons were pre- 
pared from the olein as above described. Some of this was distilled 
at a pressure of 17-44 nim. giving boiling points from 270° to 315°; 
good separations were not obtained, it being impracticable to use a bead 
tower, five or six inches of vertical height being as much as the liquid 
could be raised by boiling. 

Fractionation under these circumstances being difficult, a rotary 
vacuum pump, the rotator running in oil, was used; this was similar 
to those used in evacuating incandescent lamps and afforded a pressure 
during distillation as low as one millimeter. Richards’ 8 method of heat- 
ing was used with excellent results, the current being regulated by wire 
and carbon rheostats. With a coil of platinum wire 0.25 mm. in diameter 
and 50 cm. long a current of 4-6 amperes at 220 volts was found suffi- 
cient to distil the hydrocarbons. 

The distilling flask held but 200 cc., consequently many distillations 
were necessary. Six complete fractionations were made between the 

1 This Journal, a6 f 665. 

* Ann. chim. pkys. t (3) 6, 40 (1842). 

* T. W. Richards, This Journal, 30, 1282. 
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following temperatures, 95-100°, 100-110, 1 10-125, 125-130, 130-140, 
145-150, 150-155, 170-176, 176-182, 186-193° and a quantity of each 
portion of fairly constant boiling point was obtained. 

The hydrocarbons were next subjected to purification by crydfelliza- 
tion from acetone. Those having boiling points of from 95° to 135 0 
would not separate out in crystalline form even at o°, coming (#ut of 
solution simply as oils; but the separation was repeated three times 
with these as with those of higher boiling point, since any change in 
composition which might be thereby affected tends toward purification. 
The remainder of the hydrocarbons were obtained as crystallized white 
solids from the acetone solutions, and crystallization from fresh acetone 
was effected three times in each case. The hydrocarbons which were 
last separated from the acetone were heated on the water bath to remove 
all traces of solvent. All except the one, crystallizing from acetone, 
which had the boiling point 1 30-1 40° were solid at the ordinary temper- 
atures. The solvent was also distilled from the total mother liquor 
left from the three crystallizations leaving the hydrocarbon which is 
soluble in acetone at o°. All of these soluble hydrocarbons, to the end 
of the list, were liquid at ordinary temperature. 

By this means there were obtained, from the original single series 
of hydrocarbons, two series, one insoluble after three separations from 
acetone solution at o°, and the other soluble in acetone at that tem- 
perature. 

The molecular weights by the Beckmann method, in benzene, and the 
iodine absorption values by the Hanus method were now obtained for 
all the hydrocarbons of each of these series, both solid and residual; 
these are shown in Tables I and II. 


Table I. — Purified Hydrocarbons. 
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252 Octadecylene C, 8 K tffl , 252, 

crystallize 


95 
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110-125° 

287 Eicosylene C 20 H 40 , 280, 
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1 *9 
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310 Docosylene C B H 44 , 308, 
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*30-135° 

318 Tricosylene C^H^, 322, 
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324 Tricosylene Cj,H w> 322, 

346 

C»H 60 , 350 
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1 *5 

45 

1 .2 

*45-150° 

354 Pentacosylene C„H 80 , 350, 
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57 

1.6 

43 
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•148° 

348 Pentacosylene C^H^, 350, 



60 

1-7 

. . 

. . . 
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367 Hexacosylene 364, 

373 
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41 
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170-176° 

392 Octacosylene C 88 H M , 392, 
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410 Nonacosylene C W H„, 406, 
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422 Triacontylene C^H^, 420, 

424 

CmH m , 420 
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1 Of remarkably constant boiling point but insufficient to recrystallize. 



STUDIES ON AMYLASES. I. 


1073 


Table II — Residual Hydrocarbons. 
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284 Eicosylene C a0 H 40 , 280, 



. . 90 

2 .O 



I25“I30 0 

305 Docosylene C M H 44 , 308, 
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320 Tricosy lene C a H 46 , 322, 
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336 Tetracosylene C^H^, 336, insufficient 
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360 Hexacosylene C^H^, 364, 
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2.3 



I70-I76 0 

366 Hexacosylene C^H^, 364, 
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382 Heptacosylene C 37 H 64 , 378, 

392 


88 

2.7 

85 

2 .6 

186-I93 0 

402 Nonacosylene C 39 H- )8 , 406, 

409 


• • 93 

3.0 

96 

3 1 


From a study of these tables it would seem that in these distilled wool 
grease oleins we had hydrocarbons of the olefin series, that is with but 
a single double bond, and of formula from C 20 H 40 to C 30 H 60 . 

These hydrocarbons are now under investigation, with the idea of 
determining some of their physical constants with greater accuracy, more 
particularly their boiling and melting points, their index of refraction and, 
if possible, the position of the double bond. 

Boston, Mass 


[Contributions from the Havemeyer Laboratories of Columbia University, 

No. 177.] 

STUDIES ON AMYLASES. I. AN EXAMINATION OF METHODS FOR 
THE DETERMINATION OF DIASTATIC POWER. 

By H, C. Sherman, K. C Kendail and E D Clark. 

Received June aS, 1930, 

The enzymes being known by their activities it is scarcely possible 
to make satisfactory progress in the isolation of any enzyme for investi- 
gation of its chemical nature until we have accurate knowledge of methods 
and conditions for determining quantitatively the increase of its activity 
or power with the progress of the purification. This may be illustrated 
by a reference to the papers of Osborne 1 and of Wroblewski 3 on the chem- 
ical nature of the amylase of malt. 

In the case of the amylases there are also extremely important applica- 
tions, both biochemical and economic, awaiting the development of 
reliable and comprehensive methods for the measurement of diastatic 
power. The fact that the salivary digestion of starch may continue 

1 Osborne, This Journal, i7> 587 (1895); Osborne and Campbell, Ibid., 18, 536 
(1896); Osborne, Bet ., 31, 254 (1898). 

* Wroblewski, Bet., 30, 2289 (1897); 3 *» II2 7 (1898). 
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much longer in the stomach than was formerly supposed not only em- 
phasizes the value of accurate measurements of the diastatic power of 
the saliva, but also adds interest to the use of both plant and animal 
amylases as aids to this part of the digestive process. The U. S. Pharma- 
copoeia standard for pancreatin has been changed so that the primary 
requirement now relates to amylolytic instead of to proteolytic power 
and recent food and drug legislation naturally suggests a more accurate 
standardization as well as a more comprehensive standard or standards 
which shall apply also to malt diastase and taka-diastase, both of which 
are likewise marketed as pharmaceutical preparations. 

Malt extracts are now being purchased by bakers on the basis of di- 
astatic power and with the economic completion in the production of 
tax-free industrial alcohol it is to be expected that the determination 
of diastatic power will soon become an important factor in the valua- 
tion of commercial American malts. 

In consequence of the very different points of view from whlbh in- 
vestigators have approached the subject of diastatic power, many methods 
or modifications of methods have been employed for its measurement 
and the descriptions are widely scattered in chemical, physiological, 
and technical literature. In the interest of brevity anything like a com- 
prehensive review of such methods must be omitted here and attention 
confined to those which appear to have been most used. 

These are of two main types: (i) the so-called “liquef action’' methods 
which aim to measure the power of the enzyme to completely convert 
a known amount of starch into products which no longer give the charac- 
teristic color reactions with iodine; (2) the saccharification methods 
which measure by means of alkaline copper solutions the amount of 
reducing sugar produced by the enzyme when acting under known con- 
ditions upon a sufficient excess of starch. 

It will be convenient to refer to these two types as “iodine methods” 
and “copper methods” respectively. 

Evidently the result obtained by either type of method will depend 
upon the conditions under which it is applied and further it may be ex- 
pressed in a number of ways, for example, the amount of change pro- 
duced by a given amount of enzyme in a given time, the amount of en- 
zyme required to produce a given change in a given time, or the time 
required for a given amount of enzyme to produce a given change. 

Kjeldahl 1 determined the reducing sugar formed by the action of a 
known amount of malt extract or saliva upon an excess of starch during 
20 minutes at 57-59°, and considered that this was directly propor- 
tional to the amount of actual amylase present, or in other words, was 

1 Mittheilungen aus dem Carlsberger Laboratorium, Dingier’ s Polylechn. J., 235. 
379» 452 (1880). 
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a true measure of the diastatic power, so long as the digestion was not 
carried beyond the point which corresponds to a conversion of about 
40 per cent, of the original starch into maltose. This is frequently re- 
ferred to by other writers as “Kjeldahl’s law of proportionality" and 
has had considerable influence upon subsequent work. 

Roberts 1 working with pancreatic extracts, saliva, and malt extract 
defined diastatic power as the number of cubic centimeters of a stand- 
ard starch paste which could be converted by one cubic centimeter of 
the active solution during 5 minutes at 40 0 into products giving no color 
reaction with iodine. 

Jungk 2 used a similar method for malt extract but determined the 
time required for xo ec. of the extract to convert 10 grams of starch which 
he considered in the case of a good extract should not exceed 10 minutes 
at 40 °. 

Lintner 3 modified Kjeldahl’s method in such a way as to ensure that 
the calculations of diastatic power should be based upon the production 
of a constant quantity of maltose by the action of the malt extract upon 
a definite amount of soluble starch. This was accomplished by meas- 
uring 10 cc. of a 2 per cent, starch solution into each of the several test 
tubes and adding to each tube a different amount of a malt extract, 
e. g., 0.1, 0.2, o 3, o 4, 0.5 cc., etc. After standing for 1 hour at 21 0 the 
action was stopped by the addition of 5 cc. of Fehling solution to each 
tube, the tubes placed in boiling water for 10 minutes, and then examined 
to determine the first tube in which the copper was all reduced, t . e. t 
the smallest amount of extract which had produced sufficient maltose 
to reduce 5 cc. of Fehling solution. Lintner prepared a sample of dias- 
tase, of which 0.12 mg. produced under these conditions the maltose 
necessary to reduce the 5 cc. of Fehling solution. This preparation was 
rated as having a diastatic power of 100 and the diastatic powers of other 
preparations were calculated as inversely proportional to the amount 
of sample required to produce this fixed amount of reducing sugar. Thus, 
if 0.3 mg. were required 0.3 : 0.12 : : 100 : X .... X = 40, 
the diastatic power of the preparation tested. 

In applying this method to malt, however, 25 grams of the dried, 
ground sample are digested with 500 cc. of water and portions of the 
clear, filtered extract are employed as described for the diastatic solu- 
tion. Then if V » the volume of extract required to give complete 
reduction of the Fehling solution 

V : 0.1 : : 100 : "diastatic power of malt.” 

Since 0.2 gram starch are used in each test tube and the weight of 

1 Proc. Royal 5 oc., 32, 145 (1881); J , Ckem. Soc., 1881, 1051. 

a Am. J. Pharm. t 55, 289 (1883), and /. Chem. Soc., 46, 529 (1884). 

* Zischr. ges. Brauwesen, 1885, 281; /. prakt. Chem. t [2] 34, 378 (1886). 
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maltose required to reduce 5 cc. of Fehling solution is only about 0.04 
gram, it follows that the diastatic power is determined by this method 
for a point at which only about 20 per cent, of the starch has been con- 
verted into maltose. Hence the retarding effect of the maltose formed 
must act, if at ail, to the same extent in ail cases and so can not vitiate 
comparative determinations. On the other hand, if ten tubes contain- 
ing 0.1 cc. to 1.0 cc. of the extract are used in testing a sample, there are 
only 10 points on Lintner’s scale at which an accurate determination 
could be had in the first operation. If, as usually happens, the correct 
amount lies between the successive amounts taken, it is necessary to 
assume that the required volume is midway between the two, or to re- 
peat the test with smaller increments of the extracts. Moreover, the 
probable error of the method increases rapidly with the diastatic power 
of the sample. If the end point falls between the last two tubes (0.9 
cc. and 1.0 cc.) the diastatic power will be between 10 and 11.1, but if 
it falls between the first two tubes (0.1 cc. and 0.2 cc.) the diastatic power 
may be anywhere between 50 and 100. 

Kjeldahl, 1 Chittenden and Ely, 2 and later Brown and Glendenning, 8 
Ford 4 and other investigators have estimated gravimetrieally by copper 
reduction the extent of the diastatic action. 

Sykes and Mitchell 5 introduced a method which they held to be inter- 
changeable with Lintner’s while giving a closer result in a shorter time, 
especially when dealing with malt of high diastatic power. In this method 
100 cc. of 2 per cent, starch solution are treated with 1 cc. of malt ex- 
tract or diastase solution (of the concentration used by Lintner) for 
1 hour at 21 0 , 50 cc. of Fehling solution added, and the whole heated 
rapidly to 98° and then placed in a boiling water bath for 7 minutes, 
after which the reduced copper is determined. The weight of copper 
found, divided by 0.438 (the quantity of copper in 50 cc. of Fehling solu- 
tion) and multiplied by 100, gives the diastatic power in terms of the 
Lintner scale. The results obtained by this method on 10 samples of 
malt having diastatic power of 5 to 77 (Lintner scale) averaged 2 units 
(about 8 per cent.) higher than those by the Lintner method with ex- 
treme variations of — 1.7 to -1*5.8 units and of — 34 to +30 per cent. This 
was accepted by Sykes and Mitchell as a satisfactory agreement of re- 
sults. 

Francis 5 improved the iodine method by extending the time of diges- 

1 Loc . cit. 

2 Am. Chem. 3 , 307 ( 1881 - 2 ). 

8 /. Chem. Soc. t 81 , 388 ( 1902 ). 

4 /. Soc. Chem. Ind. f 23 , 414 ( 1904 ). 

1 Analyst , 21 , 122 ( 1896 ). 

• Bulletin of Pharmacy t i2 f 52 ( 1898 ). 



STUDIES ON AMYLASES. I. XO77 

tion to one-half hour, and specified exact conditions for the determina- 
tion of the end point. 

Takamine 1 determines diastatic power in comparison with a permanent 
standardized sample of taka-diastase by finding the relative amount 
of the standard sample and the sample under test which are required to 
accomplish the same conversion in the same time as judged by the iodine 
color reaction. 

Vernon 2 in his study of pancreatic amylase used a method essentially 
like that of Roberts. 

Johnson 8 has recently published a new form of color method in which 
different amounts of the sample under examination are added to a fixed 
amount of starch paste, the mixture held at 40 0 and portions withdrawn 
and tested with iodine at the conclusion of 8 minutes and each minute 
thereafter. The operation is repeated with smaller increments of sam- 
ple, if necessary, until that amount is found which just suffices to digest 
the starch in 10 minutes to products which give no color with iodine. 
Working mainly with samples containing commercial pancreatic amylase, 
Johnson concluded that diastatic values which were equivalent to each 
other as indicated by this method were also equivalent as measured by 
the production of reducing sugar. 

The first object of our experimental work has been to ascertain, if 
possible, the relative value of some of the methods in use for measuring 
diastatic power, the consideration which should determine the choice 
of a method, what modification, if any, is necessary to ensure reliability 
of results, and how generally applicable is any one method to the ex- 
amination of amylases of different origins. Much work having already 
been done by others upon malt diastase, we have confined our experi- 
ments almost entirely to taka-diastase and pancreatin. 

In reaching the results given below we have been very greatly aided 
by the extended and able preliminary work on this subject which was 
carried out by the late Arnold William Meyer in conjunction with one 
of us in this laboratory in I907 -'o 8. We have also profited by the ex- 
perience of Mr. Robert Schwarz and Miss M. I. Alley, who during the 
course of the investigation have carried out in this laboratory a consider- 
able number of experiments on certain phases of the work. 

Experiments upon Taka-diastase. 

Three samples of taka-diastase have been used: No. 1, a one-ounce 
sample purchased in 1907; No. 2 f a mixture of 4 one-ounce samples pur- 
chased in 1908; No. 3, a specially prepared sample of much greater ac- „ 

1 /. See. Chem.'lnd., 17, u8, 437 (1898), 

*/. Physiol , 2% 174 (1901). 

• This Journal, 30, 798 (1908). 
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tivity which was kindly furnished us directly from the laboratory of 
Dr. Takamine. 

Lintners method was carried out with ail precautions which we had 
found suggested by any previous workers, using carefully prepared 1 
and neutralized 3 soluble starch and neutralized 2 distilled water in spe- 
cially cleansed Jena glass apparatus and working in a room kept free 
from laboratory fumes. 

Taka-diastase No. 1 showed a diastatic power of 11.4 on Lintner’s 
scale at 21 0 and 24,5 at 40°. No. 2 showed 7.8 at 21 0 and 17.5 at 40°. 
No. 3 showed 38.9 at 21 0 and 95.1 at 40°. 

The gravimetric method showed with taka-diastase No. 1 (when 2.5 
mg. of enzyme acted for 1 hour at 21 0 upon 100 cc. of 2 per cent, soluble 
starch) an amount of reducing sugar corresponding to a Lintner figure 
of 1 1. 1. This result is in substantial agreement with that of the Lintner 
method. The difference between maximum and minimum in 9 successive 
determinations by this method was about 4 per cent, while in Lig.tner’s 
method it was about 15 per cent., probably because of the errors in- 
volved in measuring out the very small amounts of enzyme solution re- 
quired. 

Johnson's method , while a great improvement over the Pharmacopoeia 
test, did not in our hands yield definite or satisfactory results because 
of the difficulty experienced, when following Johnson's directions, in 
securing a homogeneous starch paste and in determining the end point 
with sufficient accuracy. 

A new iodine method seemed desirable #hich should differ from those 
of Roberts, Jungk, and Johnson in combining the use of a more dilute 
and homogeneous starch paste, a large volume of digestive mixture, 
and a fairly long time of digestion (as recommended by Francis) in order 
to secure a better mixture and more uniform action and diminish the 
proportional error involved in the determination of the end point. 

The starch paste is prepared as follows : Enough clean air-dry potato 
starch to contain 10 grams of water-free substance is suspended in about 
100 cc. of cold distilled water; enough more distilled water to make 
one liter was poured into a 2 to 3 liter flask immersed in a brine bath 
and connected with a reflux condenser. The bath is then heated and 
if the water boils the heating is stopped so that the water may cool some- 
what, then the suspension of starch is poured very carefully into the hot 
water, the heating resumed and the paste boiled 2 hours under the re- 
flux condenser. This long boiling renders the starch paste less viscous, 
more homogeneous and transparent, and more easy of digestion by the 
amylase. 

1 The small reducing power which the starch still retailed after 65 careful wash- 
ings on a Buchner funnel was determined and the proper correction applied. 
a Rosolic add was used as the indicator of neutrality in both cases. 
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In order to determine how long the boiling of the starch paste .should 
be continued, experiments were made in which 250 cc. portions of the 
paste were treated with 40 mg. of taka-diastase No. 2 dissolved in 20 cc. 
of water and the time required for digestion to products giving no color 
with iodine was determined as follows: Boiled ]/ 2 hour, required 50 
min.; 1 hour, required 46 min.; i l / 2 hours, 36 min.; 3 hours, 33 min.; 
6 hours, 30 min. Hence boiling beyond 1% hours had little effect upon 
the digestibility of the starch as thus determined. Moreover, it was 
noted that up to 2-3 hours the solutions remained colorless while on 
3-6 hours’ boiling they became slightly yellowish. Two hours was 
therefore decided upon as the best length of time for boiling the starch 
paste. 

The paste at a temperature not above 40 0 is weighed out in 250-gram 
portions (equivalent to 2.5 grams anhydrous starch) into Erlenmeyer 
flasks of 350-400 cc. capacity and immersed in a water bath kept at 40°. 
The desired amount of enzyme is then introduced along with 20 cc. of 
water (in which the enzyme may be dissolved, or which may be used to 
wash it into the flask), the contents of the flask well mixed and the tem- 
perature of 40 0 carefully maintained. The digestion is considered com- 
pleted when 0.25 cc. of the contents of the flask removed and mixed 
with 5 cc. of the dilute iodine test solution 1 in a test tube shows, when 
viewed against a white background, no color which can be distinguished 
from that of the untreated iodine test solution. The experiment is re- 
peated with different amounts of enzyme, if necessary, until that amount 
is found which completes the digestion in 30 min. (± 1 min.). The 
result may then be conveniently expressed by dividing the weight of 
starch (2.5 grams) by the weight of enzyme required to digest it under 
these fixed conditions. 

The results obtained with the three samples of taka-diastase were as 
follows, the times required with different amounts of sample being given 
to show the probable error of the method. 

No. x — 37 mg. required 34 min., 40 mg. 27 min.; 43 mg. 22 min.; 
38 mg. 31 min. 

No. 2 — 40 mg. required 40 min.; 43 nig. 37 min.; 46 mg. 33 min.; 49 
mg. 31 min. 

No. 3 — 7 mg. required 34 min.; 9 mg. 30 min.; 11 mg. 27 min. 

If the weight of starch, 2.5 grams, be divided in each case by the weight 
of taka-diastase which digested it in 30 or 3 1 min. the following values 
for diastatic power are obtained: No. 1, 66; No. 2, 51 ; No. 3, 278. 

If these values be compared with the Lintner figures given above for 

1 Two grams of iodine and 4 grams of potassium iodide are dissolved in 250 cc. 
water. For use, 2 cc. of this solution are diluted to 1 liter and 5 cc. of this dilute solu- 
tion are employed for each test. 



io8o 


ORGANIC AND BIOLOGICAL. 


the same samples at the same temperature we find the ratio of the Lintner 
figure to the value as found by the new iodine method to be for No. i, 
i : 2.7; for No. 2, 1 : 2.9; for No. 3, 1 : 2.9. 

Hence as expressing the comparative diastatic powers of the three 
samples of taka-diastase, the results by the new iodine method ran ap- 
proximately parallel to the results obtained by the Lintner method at 
the same temperature. 

Experiments upon Pancreatin. 

Five commercial preparations of pancreatic amylase representing 
the products of the principal American makers were used in the experi- 
ments here described. 

The Lintner method was applied to these as to the samples of taka-dias- 
tase, but with much less satisfactory results. Duplicate determinations 
often showed wide divergence and lower results were obtained at 40° 
than at 2 1 °. * 

The gravimetric copper method also gave unsatisfactory results. The 
amount of reducing sugar formed by a given amount of enzyme was 
less here than in Lintner’s method and there was not a fiked relation 
between the amount of enzyme used and the weight of cuprous oxide 
formed. 

Thus the 46' mg. of cuprous oxide in five cc. of Fehling solution were 
obtained in a Lintner test from 1.7 mg. of pancreatin. The same weight 
of pancreatin under the conditions of the gravimetric copper method 
gave only 14.4 mg. cuprous oxide, and increasing amounts of enzyme 
gave the following results: 

Pancreatin, milligrams 2,5 5.0 10. o 12.0 15.0 

Cuprous oxide, milligrams.... 27.0 62.8 202.6 270.0 379 .0 

In these experiments where only a small proportion of the starch was 
converted into maltose in any case, a given weight of pancreatin had a 
greater effect in 10 cc. than in 100 cc. of starch solution, while with differ- 
ent weights of pancreatin in the same volume (100 cc.) of starch solu- 
tion the effect increased in greater proportion than the weight of pan- 
creatin added. In both cases dilution appears to have injured the ac- 
tivity of the pancreatin. 

The influence of dilution was studied directly by conducting experi- 
ments in pairs so arranged that the amounts of starch and enzyme and 
the conditions of time, temperature, etc., were exactly the same while 
the amount of water in which the action took place differed. At the 
end of the digestion enough water was added to the more concentrated 
solution to make the volumes the same for the determination of the 
reducing sugars which had been formed. 
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Milligrams Cuprous Oxide from Reducing Sugars Formed by 5 Milligrams 

Enzyme Preparation. 


Enzyme and starch 

I n 55 cc 

In 110 cc. 

Taka-diastase No. i, 2 grams starch 

3 2 8 

332 

Taka-diastase No. i, 4 grams starch 

361 

361 

Pancreatin No. 1, 0.5 grains starch 

170 

H5 

Pancreatin No. 2, 3.0 grams starch 

273 

185 

Pancreatin No. 4, 0.5 gram starch 

.... IIO 

68 

Pancreatin No. 5, 0.5 gram starch 

94 

66 


Here the taka-diastase produced the same effect when working in differ- 
ent amounts of water, but the pancreatins produced much less in no cc. 
than in 55 cc. — the activity of the pancreatic amylase was evidently 
diminished by its dilution with neutralized distilled water. 

From these results and those above given it is evident that the dias- 
tatie power of pancreatic amylase was largely influenced by the ratio 
of amylase to water. Under these conditions, therefore, the testing of 
fixed amounts of commercial preparations containing varying amounts 
of actual amylase cannot be expected to give reliable results. This 
is because of the influence of electrolytes in activating the amylase. 

In these experiments no electrolyte was added other than the small 
amounts of salts accidentally present in the soluble starch and the neu- 
tralized distilled water, hence there was insufficient electrolyte present 
either to fully activate the enzyme or to protect it from deterioration 
on standing in water solution. Hence the greater the amount of water 
present the less favorable the condition for enzyme activity. The op- 
timum conditions as worked out for pancreatin and which permit of the 
accurate determination of its diastatic power by the grav metric method 
were not worked out until after our experiments with the iodine methods 
and will, therefore, be described later. 

Johnson's iodine method gave us even less satisfactory results with 
pancreatin than with taka-diastase for the reason that as the digestion 
proceeds the test portions from the digestion mixture, wdien they no 
longer give a blue color with iodine, do give a red color which on continu- 
ing the digestion persists for a comparatively long time and disappears 
by almost imperceptible degrees so that it is extremely difficult to decide 
when the digestion should be considered finished. 

The new iodine method showed in our experiments upon pancreatin 
the same advantages over Johnson's method as were noted in the ex- 
periments with taka-diastase, but still did not give a very satisfactory 
end point because of the rather long duration and gradual fading of 
the red color reaction. That the activity of the commercial pancreatin 
may be greatly increased by addition of a small amount of salt was shown 
almost as prominently by this iodine method as by the determination 
of the reducing sugar formed. Each of the four samples of commercial 
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pancreatin tested digested 2.5 to 7 times as much starch under standard 
conditions in a solution containing o. 1 per cent, of added sodium chloride 
as in one to which no electrolyte was added. The stronger two prepara- 
tions were tested in 0.3 per cent, salt solution and showed the same ap- 
parent activity as in the 0.1 per cent, solution. 

By these and many other analytical data which must here be omitted 
for the sake of brevity, we became convinced that it is illogical and mis- 
leading to attempt to determine the diastatic power of pancreatin by its 
action upon pure starch in pure water because such a medium is too poor 
in electrolytes to permit the amylase to function normally, and that the 
conditions necessary for the amylase to function normally should be 
worked out and incorporated in the method to be used in the future for 
the determination of diastatic power. This led to a somewhat extended 
study of the action of pancreatic amylase the main results of which will 
be given in the next paper. The analytical procedure employed in that 
study and the optimum conditions for pancreatin as there founcjr are 
included in the following description. Under these optimum condi- 
tions we obtain in testing commercial pancreatins results about 20 times 
as high as when no electrolyte is added. 

PROPOSED GRAVIMETRIC METHOD. 

Materials and Conditions. 

Starch . — The starch for careful gravimetric work should be Lintner 
soluble starch, which gives a perfectly clear solution with boiling water. 

Ford 1 discusses very fully the preparation of such a starch. It should 
have a reaction with rosolic acid equivalent to less than 0.5 cc. of 0.0 1 
normal acid or alkali per gram of anhydrous starch. In the anhydrous 
state it is quite hygroscopic; air-dry it contains about 15 per cent, of 
moisture. The lower the reducing power the better, but a reduction of 
30 mg. of cuprous oxide per gram of anhydrous starch is not too large 
for accurate work. 

Water . — The water used must be as nearly pure and as constantly 
uniform as is possible; redistilled and practicaly neutral to rosolic acid. 

Temperature . — We prefer a temperature of 40 0 for all diastatic power 
determinations. This is obviously most suitable for the amylases of 
animal origin and there are important advantages and no important 
disadvantages in the use of the same temperature for the vegetable amyl- 
ases. The solutions and flasks should be as near 40 0 as possible at the 
time of actually mixing the enzyme and the starch. The temperature 
should remain constant during the entire time of reaction, as a variation 
of one degree causes about 10 per cent, error in the result. 

Time — Since the time must in any case be somewhat arbitrarily chosen, 

1 /. Sac. Chem. Ind. t 33, 414 (1904). 
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• 

we have decided upon 30 min. as best meeting the requirements of ac- 
curacy and convenience of working. 

Enzyme . — The enzyme may be dissolved in pure water if its power 
is to be tested immediately. If it is to stand, it should be dissolved in 
water containing 4 cc. of fiftieth-molar disodium phosphate per 100 cc. 
The test should be made within an hour in any case. The amount of 
enzyme to be weighed out will depend entirely on its strength. 

One may dissolve the enzyme in a small amount of water and use a 
very small volume, or use a larger volume for the solution of the enzyme 
‘and measure larger amounts for the determination. We employed the 
former method, using a special 1 cc. pipette which was very accurately 
graduated. The actual weight of enzyme added to the starch solution 
varied from 0.1 to 1.0 mg. 

Activating Agents . — These will doubtless differ with the different amyl- 
ases. For pancreatic amylase acting on two per cent, starch, add 300 
mg. sodium chloride and 7 cc. of fiftieth-molar disodium phosphate per 
100 cc. (final volume) of reaction mixture. 

Procedure. - Prepare 400 cc. of 2 per cent, soluble starch solution 
and the enzyme solution of such a strength that 1 cc. will contain from 
o 4 to 1.0 mg. of enzyme. By means of a 1 cc. Mohr’s pipette, ac- 
curately calibrated in hundredths, measure into four 200 cc. Erlenmeyer 
flasks such volumes of the solution as will contain 0.2, 0.5, 0.8, and 1.0 
mg. of enzyme, respectively. 1 Now' 1 00 cc. of the starch solution pre- 
viously warmed to 40° is poured into each flask and the digestion allowed 
to proceed for 30 minutes, the temperature being accurately maintained 
at 40°. At the expiration of the 30 minutes, stop the reaction quickly 
by mixing at once with 50 cc. of Fehling solution and immerse the flask 
in a large bath of boiling w T ater for 15 minutes. See that the water of 
the bath is kept boiling and that it stands above the level of the contents 
of any of the flasks. At the end of this heating filter quickly and de- 
termine the reduced copper by any accurate method. We prefer to 
filter {hrough Gooch crucibles having thick felts of specially prepared 
asbestos, wash the cuprous oxide thoroughly with hot water, then twice 
each with alcohol and ether and w'eigh it as such after drying for at least 
20 min. in a boiling water oven. The weight of cuprous oxide must not 
exceed 300 mg. 

Correct the weight of reduced copper or cuprous oxide found for the 
reducing power of the soluble starch by subtracting from it the weight 
obtained in a “blank” test in which the starch solution is treated directly 
with the Fehling reagent. 

Under the conditions here described the reducing power of maltose 

1 The quantities suggested are such as were suitable for the pancreatins which we 
have tested. In testing other substances larger or smaller quantities may be necessary. 
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was found to be approximately the same as in Defren's method, so that 
the weight of cuprous oxide may be calculated to cupric oxide and the 
corresponding weight of maltose taken from Defren’s table. 

To express the results in terms somewhat comparable with those of 
Lintner’s scale, multiply the weight of cuprous oxide by 0.2415, divide 
by the time in hours, and by the weight of enzyme preparation in milli- 
grams. Results so obtained cannot, however, be considered as inter- 
changeable with those found by Lintner’s method because of the conditions 
of the determination and the form of the velocity curve of the reaction. 

As will be more fully shown in the next paper, the rate of the amylo- * 
lytic action is not constant up to a conversion of a considerable percentage 
of the original starch as Kjeldahl and others have held, but decreases 
as the conversion proceeds from the start, so that whatever the method 
of procedure the differing weights of cuprous oxide cannot be taken as 
standing in simple proportion to the actual diastatic power. However, 
if the velocity curve of the amylolytic action be plotted with time as 
abscissas and yield of reducing sugar as ordinates a scale may be estab- 
lished which will permit of an expression of true diastatic power based 
upon the weight of cuprous oxide obtained as above described. ,If 300 
mg. of cuprous oxide be taken as 100 on such a scale the value on this 
scale of any lesser weight of cuprous oxide is obtained by expressing 
the abscissa corresponding to such weight as percentage of the abscissa 
for 300 mg. cuprous oxide. Calling the series thus obtained values of 
K , the diastatic power of the sample under examination is determined by 
dividing the value of K corresponding to the weight of cuprous oxide found 
by the number of milligrams of sample used to effect this conversion. 

In the next paper in the consideration of the velocity of the reaction 
the mathematical relation between time and extent of conversion will 
be shown. From this relation an integral equation is deduced making 
it possible to establish this series by a mathematical means. The use 
of this equation verifies the experimental results and gives a convenient 
method for establishing values of K. 

The accompanying table was constructed by finding the value for 
K from the equation for the action of pancreatic amylase upon 2 per cent, 
starch for every 10 mg. of cuprous oxide up to 300 mg. 


Values for K from Cuprous Oxide Found. 


Cuprous 

oxide. 

Mg. 

K. 

Cuprous 

oxide. 

Mg 

K . 

Cuprous 

oxide. 

Mg. 

K. 

Cuprous 

oxide. 

Mg. 

K. 

30 

91 

IOO 

3*-2 

170 

54 * 1 

240 

783 

40 

12.2 

no 

344 

180 

57-5 

250 

81.8 

50 

153 

120 

37-6 

190 

60.9 

260 

85-4 

60 

18.4 

130 

40.9 

200 

<> 4-3 

270 

89.0 

70 

21 .6 

140 

44-2 

210 

67.8 

280 

92.6 

80 

24.8 

* 5 ° 

47-5 

220 

71-3 

290 

96.3 

90 

28.0 

l60 

50.8 

230 

74.8 

300 

100.0 
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In the equation, amounts of enzyme and time are reciprocal quan- 
tities. It is therefore evident that diastatic powers may still he com- 
pared when determined under different conditions of time as well as of 
amounts of enzyme employed. 

The following example will illustrate liow much more closely the re- 
sults thus found correspond with actual amylolytic power than do the 
mere weights of cuprous oxide. In a set of determinations under uni- 
form conditions 0.15, 0.30, 0.45, 0.60 mg of pancreatin yielded respec- 
tively 76, 147, 217, 286, rag. of cuprous oxide. 

From the table we find the corresponding values of K to be 23.5, 46.5, 
70.2, 94.8. Dividing these values by the respective weights of enzyme 
we obtain 156, 155, 156, 158. If we did not use the table, but divided 
the weights of cuprous oxide by three times the number of milligrams of 
enzyme, we would obtain 169, 163, 160, 159. 

Furthermore, by application of this table, results obtained with differ- 
ent times of conversion may still be expressed on the same scale. With 
the proper activating agents present, any time of conversion from 15 
minutes to two hours may be employed; and, if the amount of cuprous 
oxide does not exceed 300 mg., the results may be calculated as follows: 
Divide 30 (the standard time for the method described above) by the 
actual time of conversion in minutes, and multiply by the value of K 
as found in the above table. The product will equal the value which 
would have been obtained for K under standard conditions. 

The procedure of the Lintner method may likewise be used and from 
the known weight of cuprous oxide in the tube in which the 5 cc. of Fehling 
solution is just reduced one may (after correcting for the reducing powers 
of the starch used) make use of the above table and express the results 
on the new scale of diastatic values. 

Summary. 

1. There seems to be no good reason for the diversity of conditions 
of temperature and time which have been given by different writers 
in the past, and it seems desirable that in all determinations of diastatic 
power the amylase be allowed to act at 40 0 and that 30 minutes be adopted 
as the standard time. 

2. The Lintner method is sound in principle but does not prescribe 
optimum conditions, is not very delicate, and does not give a satisfac- 
tory degree of accuracy when applied to preparations of high diastatic 
power. 

3. The gravimetric method as here described is capable of much greater 
accuracy and gives results which can either be stated in terms of cuprous 
oxide actually weighed, or of maltose, or in terms comparable with those 
of the Lintner scale, or on a new scale based upon the velocity curve 
of the reaction. 
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4. The new iodine method is believed to increase considerably the 
practicable accuracy of this type of determination and while it probably 
cannot be made as delicate as the improved gravimetric method, yet 
for those cases in which a satisfactory end point can be obtained, it has 
the practical advantage of simplicity and the theoretical advantage 
of marking the completion of a fairly definite step in the digestive process, 
whereas the copper reduction method measures the amount of a sub- 
stance or substances produced by successive steps through intermediate 
products which are but imperfectly known. 

5. With the three samples of taka-diastase examined, the end point 
in the iodine method was fairly satisfactory, consisting in a change from 
light blue to nearly colorless, and the results by the method were con- 
sistent with those by the Lintner method. It remains to be determined 
by examination of a larger number of samples under a variety of con- 
ditions whether the two types of method will give parallel result^ with 
taka-diastase throughout, or whether each method is capable of giving 
information which the other does not. 

6. In the case of pancreatin, the iodine method does not ,seem capable 
of great accuracy because of the uncertainty in judging the point of 
change .from a blue to a red reaction with iodine, and the comparatix ely 
long duration of the stage which gives the red color and which fades 
almost imperceptibly into the faint straw color of the iodine te^t solu- 
tion itself. 

7. With the copper reduction methods also, much more difficulty was 
experienced with pancreatin than with taka-diastase. In spite of all 
efforts to eliminate interfering impurities, irregular results were persist- 
ently obtained. This fact indicated the need of a detailed study of the 
action of pancreatic amylase, the results of which study are described 
in the paper which follows. 

8. In the absence of added electrolytes the pancreatic amylase was so 
incompletely activated that it could not behave noimally and w r as extiemely 
susceptible to slight variations in the amounts of salts, acids, or alkalies 
accidentally present, so that the results were both misleadingly low 
and irregular. It is evident that in testing amylolytic power it is not the 
presence of electrolytes but their absence or insufficiency that consti- 
tutes the disturbing condition, and that reliable results are obtained only 
when the enzyme is properly activated so that it can function normally, 

9. A gravimetric method is proposed which utilizes the results of a 
quantitative study of the action of pancreatic amylase, which study 
is described in the following paper. By this method, employing optimum 
amounts of salt and alkali for activation, we obtain in testing commercial 
pancreatins, results about 20 times as high as when no electrolyte is 
added. 
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In an examination of methods for the determination of diastatic power 1 
it was found particularly difficult to obtain concordant results with pan- 
creatin, and the peculiar behavior of the pancreatic amylase made plain 
the desirability of a special study of its action. The main results of 
this study are here given in as condensed and systematic a form as possi- 
ble and not necessarily in the chronological order of the experiments. 

Materials and Methods. 

Enzyme Preparations . — In the experiments described in this paper 
the pancreatic amylase has been used in the form of commercial pan- 
creatin. vSeven samples purchased in New York City at various times 
during 1007-9 showed, when tested in the favorable conditions worked 
out during the investigation, the following relative diastatic powers: 
No. 1, 16; Nb 2, 151; No. 3, 9; No. 4, 105; No. 5, 75; No. 6, 78; No. 7, 
66. The stronger preparations which presumably contained the smaller 
amounts of impurities were used in the experiments described beyond. 

Starch .- -The soluble starch used w as prepared by the Lintner 2 method 
with attention to the details discussed by Ford. 8 After completion of 
the acid treatment and removal of most of the acid by washing, the starch 
was transferred to a large glass bottle and washed about 65 times by 
decantation with about twice its bulk of water. At each washing the 
starch was vigorously mixed with the water by rolling the bottle back 
and forth on a table, after which the starch was allowed to settle thor- 
oughly and the water siphoned off. This was repeated 3 or 4 times 
daily for about 3 weeks. The starch was then brought upon a Buchner 
funnel and the wash water removed as thoroughly as possible by suc- 
tion, the slight acidity of the starch determined by titrating a weighed 
portion with N / 100 alkali, using rosolic acid as indicator. The stanch 
was then given a final washing with water containing the very small 
amount of sodium hydroxide calculated as necessary for its neutraliza- 
tion, filtered with thorough suction and air-dried. Four different prepa- 
rations made in this way showed 12 to 17 per cent, of moisture, required 
0.1 to 0.3 cc. of N/100 acid or alkali per gram for neutralization, and 
showed reducing powers of 27 to 30.5 mg. cuprous oxide per gram of 
anhydrous starch. 

1 Sherman, Kendall and Clark, This Journal. 

* J. prakt. Chem. t [2] 34, 378 (1886). 

Soc. Chcm. Ind 23, 414 (1904). 
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Water. — Ordinary distilled water was found to be a cause of irregular 
results, especially when working without added electrolyte, nor did neu- 
tralization of such water render it satisfactory. In all subsequent work 
we used water which had been redistilled from alkaline permanganate, 
the steam being passed through a long column of glass wool to filter out 
any possible spray. 

Procedure . — Unless otherwise stated the procedure was that of the 
gravimetric method for diastatic power proposed in the preceding paper 
except for the activating agents. The results are expressed in milli- 
grams of cuprous oxide weighed, corrected for the reducing power of 
the particular soluble starch used in each experiment. In case it was 
impossible to determine at once the reducing sugars formed in an ex- 
periment, so that a means of stopping the enzyme action and preserv- 
ing the solution was necessary, the addition of hydrochloric acid enough 
to make o.i per cent, stopped the action of the amylase at once and did 
not affect the reducing power of the solution, even on standing §4 hours. 

In cases in which the amylase acted more than one hour, a mixture 
of toluene and chloroform was added to prevent bacterial growth and 
evaporation. This was effective and had no influence upon the amount 
of copper reduced. 

Influence of Added Electrolytes. 

Neutral Salts. — As early as 1875, Nasse 1 held that there is an important 
and specific dependence of the activity of ferments upon the presence 
of salts. In his experiments the addition of chlorides, nitrates, and sul- 
phates of sodium, potassium, and ammonium raised the diastatic power 
of pancreatin by 7 to 3 1 per cent. 

Griitzner 2 compared the effects of sodium chloride, bromide, iodide, 
and fluoride. 

Vernon 1 found that pancreatic extracts suffered less loss of diastatic 
power when diluted with tap water than with distilled water and that 
the addition of a small quantity of salt increased the activity, and also 
diminished the reduction of activity occasioned by dilution. The ac- 
tivity of his preparation was 30 times as great in o. 1 per cent, salt solu- 
tion as in distilled water. 

Preti 4 reported that the amylases obtained from the pancreas, urine, 
blood serum, malt and cryptogams were all rendered practically inert by 
dialysis and restored to activity by the addition of a neutral electrolyte. 

Bierry and Graja 6 working in conjunction with Victor Henri found 
a similar result with pancreatin. 

1 Arch. ges. Physiol ., 9, 138 (1875). 

* Ibid., 91, 195 (1902). 

*/• Physiol 27, 174 (1901); 28, 156, 375 (1902). 

4 Biochem . Z. t 4, 1 (1907). 

• Compt . rend, soc . biol. , 60, 479; 62, 432 (1906-7); Compt . rend., 143, 300 (1906). 
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Slosse and Limbosch 1 also confirmed Preti's observations. 

We have confirmed the observation that if both the pancreatin and 
the starch be first dialyzed in collodion sacks the pancreatic amylase 
becomes inactive but is reactivated by the addition of salt. Further 
experimentation showed that if the starch was dialyzed so that the only 
salts present were those of the enzyme preparation a small amount of 
high grade pancreatin was inactive; but was rapidly activated by the 
addition of very small amounts of salt. 

Thus 0.35 mg. of pancreatin No. 2 in 50 cc. of 1 per cent, dialyzed 
starch at 40° for 1 hour showed after various additions of salt the ac- 
tivities indicated by the weights of cuprous oxide found as follows: 

Sodium chloride milligrams . o 01 0.1 1 o 10 30 60 90 121 

Cuprous oxide milligrams. ... o 10 51 87 91 86 85 85 

In another series of experiments 1 mg. of pancreatin No. 4 acted for 
1 hour at 40° upon 100 cc. of 2 per cent, starch which had not been di- 


alyzed with the following results : 

NaCl. Cuprous ox ule 

NaCi 

Cuprous oxide. 

Mg. 

Mr 

Mg 

Mg. 

O 

13 

bo 

183 

0 1 

34 

IOO 

182 

o -5 

90 

200 

182 

1 

119 

400 

167 

5 

*71 

600 

168 

10 

178 

800 

«58 

20 

186 


. . 

2 S 

180 



30 

187 



35 

193 



40 

194 




Similar though less extended experiments upon four other samples 
of pancreatin gave confirmatory results. 

If the enzyme preparation does not contain sufficient neutral electro- 
lyte to completely activate the amylase, and no salt is added, a peculiar 
relation between rate of conversion and amount of enzyme is found. 
Doubling the amount of enzyme will more than double the rate of con- 
version, because doubling the amount of enzyme at the same time dou- 
bles the electrolyte in solution. Some results obtained with neutral 
solutions containing no added salt are: 


Mg. 

Mg. 

Enzyme. 

Cuprous oxide 

10 

42 

20 

86 

30 

137 

40 

204 

60 

283 

90 

418 


1 Bull . soc, toy . set. med. not. Bruxelles, 1908) 80. 
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It is evident that salt not only helps the diastatic action but is essen- 
tial to it. The salts accidentally present in commercial pancreatin and 
in very carefully prepared soluble starch are sufficient to enable the amylase 
to act to some extent, but any results so obtained are abnormal and en- 
tirely misleading as indications of real diastatic power, since pancreatic 
amylase acts in nature in a medium containing salt and must have an 
appreciable amount of some salt in order to function normally. 

Experiments with potassium and ammonium chlorides gave similar 
results. 

Alkalies . — Several investigators 1 of pancreatic and other amylases 
have reported alkalies harmful and some have found activity increased 
by the presence of a minute amount of acid, while others maintain that 
strict neutrality is the best condition for amylolytic action. 

Tested without added electrolyte 5 mg. of pancreatin No. 5 acting 
upon 100 cc. 2 of 2 per cent, undialyzed starch for 1 hour at 21 0 gave the 
following results : ' 

Cubic centimeters 0.0 1 N NaOH added. . . o 1 2 3 .4 6 8* 

Milligrams cuprous oxide found 71 61 40 4 - -’4 *4 4 

These results were obtained by Meyer in the preliminary part of this 
study. No further experiments were made upon the influence of alkali 
alone because it was felt as already explained that any results obtained 
in the absence of sufficient salt to activate the enzyme must be regarded 
as abnormal. 

Addition of Salt and Alkali . — Ebstein, in 1893, 3 showed that a degree 
of alkalinity which would otherwise stop the action of pancreatic amylase 
did not prevent a vigorous action when ‘blood salts” were present in 
the solution and this helpful influence of the blood salts appeared to be 
due chiefly to the sodium chloride. This observation does not seem to 
have been appreciated or followed up. 

Our work has included a considerable number of observations of the 
same enzyme working in solutions containing sufficient salt but of vary- 
ing alkalinity. In the following table are brought together results ob- 
tained at different times but which are fairly comparable in represent- 
ing in each case the mg. of cuprous oxide reduced by the sugar formed 

1 Chittenden and Ely, Am. Chem. J. t 4, 107 (1882); Chittenden and Smith, Studies 
Yale Laboratory of Physiological Chemistry, 1, 36 (1884-5); Duggan, Am. Chem. 

8, 211 (1886); Schierbeck, Skand. Arch. Physiol . , 3, 344 (1891-2); Ebstein, Virchow* s 
Archiv.y 134, 475 (1893); Wood, Am. Chem. 15, 663 (1893); Vernon, J. Physiol ., 27, 
174 (1901); Griitzner, Arch. Physiol . , 91, 195 (1902); Cole, J. Physiol . , 30, 202 (1904); 
Effront, Compt. rend. soc. biol. f 57, 234 (1904); Ford, J. Soc. Chem. Ind. f 33, 414 (1904); 
Maquenne, Compt. rend. t 142, 285, 1059 (1906). 

4 In these and all similar experiments the reaction volume stated was adjusted 
after the addition of acid or alkali and is therefore the total volume, 

* Virchow's Archiv, 134, 475. 
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from the action of 0.125 nig. pancreatin No. 2 upon 0.25 grams of 
soluble starch 1 at 40 0 for the length of time stated. 


Effect of Added Acid and Alkali on Solutions Containing Neutral- Elec- 
trolyte 


Titue, 


Added acid or alkali. 


10 min 

30 min. 

1 hr. 

2 hrs 

3 lira. 

5hra 

25 hrs 

8 cc 0.0 1 N H 8 SQ 4 per 100 cc 
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'.>(> 


-’4 4 

250 


3 


1**4 

u;i 

214 


241 

244 


4 




200 



>’30 

25b 

6 




*S4 

1 96 


V 

250 

8 

4 1 



1-4 

1 8(> 


2J 7 

250 

.'n 

* * 



19 


40 

1 <'3 


3° 




1 1 


18 

W 


40 

i 1 



3 


<> 

1 1 


50 

#1 



0 


4 

(i 



It will be seen from the data in 


the above table: 


( 1 ) That in solutions sufficiently acid, whete the concentration of hy- 
droxyl ion may be regarded as practically zero, there was no action; 
(2) that in passing from acid through neutral to faintly alkaline solu- 
tions the increasing concentration of hydroxyl ion is accompanied by 
an increased amylolytic activity up to the degree of alkalinity obtained 
by adding 2 cc. of 0.01 N sodium hydroxide per 100 ee. of solution; (3) 
that greater additions of alkali have a retarding effect but the action is 
not stopped except by the addition of relatively large proportions of 0.0 1 N 
solution; (4) that although the alkalinity of the solution has a great 
influence upon the speed of the reaction still there is a tendency toward 
a constant final yield of reducing sugar provided sufficient time be al- 
lowed. 

In other experiments where a larger excess of starch was present the 
optimum amount of added alkali was found to be higher. 

Experiments were also made in which varying amounts of sodium 
chloride and sodium carbonate were added. The following table shows 
the milligrams of cuprous oxide obtained by the action of equal amounts 
of pancreatin No. 2 upon equal volumes of 2 per cent, starch solution 
for 1 hour at 40 °. 


1 One-half milligram pancreatin acted on 100 cc. of 1 per cent starch solution 
(containing the indicated amount of acid or alkali) of which 25 cc. were withdrawn and 
diluted to 100 cc. before treating with Fehling solution. The amount of added salt 
varied from 125-300 mg. and was sufficient in each case to activate the enzyme. 
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Effect of Added vSopium Chloride and Sodium Carbonate. 


Sodium carbonate, oo. 1 N solution. 


Sodium chloride. 


Mg. i cc. 2 cc. 4 cc. 5 cc. 6 cc. 7 cc. 8 cc. 9 cc. 15 cc. 

60- 100 234 248 280 290 284 278 250 244 84 

120- 200 253 . . 292 289 279 

300- 400 290 291 278 256 261 96 

500-1000 .. 280 263 241 230 81 


Comparison of these data with those previously given indicates that 
the amount of salt necessary to activate the enzyme is comparatively 
small (in none of these cases was it over 0.3 per cent.) and that moderate 
variations in the amount of salt added do not materially influence the 
optimum alkalinity so that even in alkaline solutions the helpful effect 
of the salt appears to be due to a direct activation of the enzyme rather 
than to its influence upon the ionization of the alkali. 

If, however, the salt is insufficient to fully activate the amylase, the 
optimum alkalinity 1 rises with the concentration of salt. In & case of 
this sort the following results (expressed in mg. of cuprous oxide) were 
obtained : 

Effect of Salt upon Optimum Alkalinity. 

Added NaOH. o. i. 2. 4. 50c. 0.01 A'. 

1 milligram NaCl no 103 85 61 

5 milligrams NaCl 214 243 233 202 

500 milligrams NaCl 400 427 430 296 

That the optimum alkali was higher here than in the preceding table 
is due to the fact that more starch was used. This relation will be fully 
explained later in this paper. 

The results of some of the experiments made to compare the effects 
of different alkalis in the presence of a uniform amount of salt are shown 
in the following table. 

As would be expected the optimum is reached more quickly and the 
retarding effect of excess is more pronounced with carbonate that with 
phosphate and with hydroxide that with carbonate. The activity at 
optimum concentration is, however, very nearly the same in all cases 
except with ammonia where the lower results may very probably be due 
to a solvent effect upon the cuprous oxide. It should also be noted that 
the unit of comparison is fiftieth-molar for phosphate while the hydroxide 
and carbonate solutions were o.oi N by titration with standard acid. 

1 The above results show plainly the increase of activity produced by adding 
alkali in the presence of sufficient salt. Since Cole ( loc . cit.) has shown that tbe activity 
of ptyalin is increased by add it is suggested that some amylases may use the hydroxyl 
and others the hydrogen ion to accomplish the hydrolysis of starch. This point should 
be stuped further upon other amylases suffidently activated by salt. 
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The conditions for all these determinations were: One-half mg, pancreatin No. 4. 
Sodium chloride, 700 mgs. Temperature, 40 °. Time, 60 min. Starch, 2 per cent. 


Effect of Different Kinds of Alkali. 

Cuprous oxide, mg 




fNaOH 

KOH 

NH«OH 

Na 2 CO« 

K,CO, 

Na*HP0 4 

Alkali added. 

N/ioo. 

N/ico. 

N/100 

N/100. 

N/100 

M/50. 

None 


• • 56 



56 



1 cc. 0.01 N per 100 cc. 153 



132 



2 


229 



198 


260 

3 


2 79 

280 

2 55 

242 



4 


309 

3*3 

281 

,78 

277 

301 

5 


3°7 

289 

2 73 

290 



6 


196 

*5* 

206 

301 

302 

304 

7 


85 



308 



8 


49 



314 

297 

306 

9 





305 



10 





2 73 

222 

3*3 

1 1 





215 


3*7 

12 





. *59 


304 

13 





118 



H 





102 


305 

15 

II 41 




7« 



20 

4 4 4 4 




40 


273 

2 5 

4 4 4 4 




2 9 



30 

fl 41 




23 


264 

35 

4* 44 




18 



50 

44 41 




12 


224 

75 

14 44 




9 




Disodium phosphate was also tried alone and with the addition of 
small and large amounts of sodium chloride. The weights of cuprous 
oxide obtained were as follows : 


Effect of Phosphate and Different Amounts or Salt. 


Pancreatin No. 6, 10 mg. 


Cc. M/50. Added NaCl. 

N«,HP0 4 . None. 

o 161 

i.* 231 

2 193 

3 *59 

4 

5 118 

6 

8 

20 53 

30 

40 35 


Pancreatin No. 4. 

0.5 mg. 

Added NaCl 

Added NaCl 

7 mg. 

700 mg 

72 

51 

190 


198 

260 

194 


182 

301 

163 

304 

*50 

306 

IOO 

273 

77 

264 

69 

236 


Where no salt was added 20 times as much enzyme was used for the 
experiment in order to get a comparable yield of reducing sugar, hence 
the partial activation by the salts accidentally present. 
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Since the figures in one column are for a much larger weight of pan- 
creatin than in the others, the effect may be more readily seen from the 
following curves : 


300 

280 

260 

240 

>20 

200 

1S0 

l6o 

140 

120 

100 

80 

f>0 


40 

20 


] 2 } 4 5 6 7 s 9 10 II 12 13 14 15 16 17 18 U) 20 CC 0.02 

molar 



When the phosphate alone was added in small amount it caused a 
rapid rise in speed of conversion but in slightly larger amounts its effect 
was depressing. At the optimum concentration of the phosphate alone 
the enzyme was very incompletely activated. 

With the addition of a small amount of salt, sufficient largely, but not 
completely, to activate the enzyme, small additions of phosphate greatly 
increased the speed of the reaction while slightly larger amounts had 
a marked retarding action. 

With the addition of an abundance of sodium chloride (0.7 per cent.) 
the phosphate continued to increase the speed of the reaction up to a 
much greater concentration, giving a maximum much higher than with 
the smaller amount of chloride, and beyond the maximum there was 
only a very gradual retardation as the additions of phosphate were still 
further increased. 

The following results were obtained with 0.35 mg. of pancreatin 2, 
with 5 cc. of 0.0 1 normal sodium carbonate in 100 cc. of a solution of 
2 per cent, starch. 
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Time. 


Effect of Salt on the Time Curve. 

Cuprous oxide with NaCl. 


Minutes. 

1 s rag. 

S mg. 

20 

12 

21 

4 <"> 

23 

42 

60 

♦33 

66 

80 . . . . 

44 

88 

100 

. . . 56 

hi 

120. . 

... 68 

*33 

140 

- • * 79 

*54 

160 . . 

. , .92 

178 


Quantitative Relations of Enzyme, Starch Salt and Alkali . — In the ex- 
periments described in this paper we have usually employed (as will be 
seen from the descriptions accompanying the data) from 0.1 to 1 mg. 
of high grade commercial panereatin. Our recent experiments upon the 
purification of pancreatic amylase give evidence that the panereatin here 
used contained at least 90 per cent, of material other than actual amylase 
and as the volume has usually been 100 cc., we have a concentration 
not greater than 1 : 1,000,000 to 1 : 10,000,000 of actual .amylase in the 
solution. Considerations of actual quantities relate, therefore, to starch, 
salt and alkali. 

In discussing the influence of added salt and alkali, experiments have 
already been described in which the diastatic action was seen to rise 
rapidly at first with increasing concentrations of salt, after which a much 
greater increase of salt had very little effect. As further examples the 
following three pairs of determinations may be cited : 

All other conditions being the same for the two tests in each set, 

50 milligrams of salt gave 2 80 milligrams cuprous oxide, 

toon milligrams of *alt gave 279 milligrams cuprous oxide. 

ion milligrams of sail ga\e 84 milligram* cuprous oxide. 

nx>o milligrams of salt gave 81 milligrams cuprous oxide. 

<jo milligrams of salt ga\e .\>8 milligrams cuprous oxide. 

2cxx) milligrams of salt gave 228 milligrams cuprous oxide. 

It is also apparent from the table of results showing effect of added 
sodium chloride and sodium carbonate that the optimum alkalinity did 
not increase with increasing additions of salt. On the other hand there 
is an evident tendency to a higher optimum of alkalinity with an increas- 
ing concentration of starch. Thus 1.05 mg. panereatin No. 2 acting 
for 20 minutes at 40° upon 100 cc. solutions containing 500 mg. salt 
and different amounts of starch and alkali gave the following results 
expressed in milligrams of cuprous oxide. 

These results, as well as other data obtained under different condi- 
tions, including smaller and larger concentrations of starch, indicate 
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that the amount of alkali to be added in order to obtain the most rapid 
conversion (i. e. t the optimum addition of alkali) increases with the con- 
centration of the starch and that this optimum alkalinity is rather sharply 
defined for low concentrations of starch and becomes much less snarply 
defined as the concentration of the starch is increased. 

Starch, grama. 


Alkali added. — > 

Cc. of 0.01 N NftOH. 0.5 1 o 2.0 3.0 

2 ... 203 2 71 276 269 

3 87 170 285 271 

4 45 86 245 293 

5 35 47 1 15 259 


Thus the quantity of starch not only influenced the optimum of added 
alkali, but the enzyme was largely protected from the retarding effects 
of alkali in excess of the optimum by moderate increase in the concen- 
tration of the starch, whereas a proportionate increase in the amount of 
salt added had no noticeable effect. # 

Velocity and Equilibrium of the Reaction. 

Influence of Concentration of Starch . — The following experiments bear 
upon the relation between amount of starch and the speed 'of its hy- 
drolysis. Different amounts of pancreatin No. 6 were allowed to act 
at 40° upon a uniform volume (100 cc.) of starch solution whose 
strength was varied in the different cases from o. 1 per cent, to 4 per cent. 
In all cases 700 mg. of sodium chloride and ro cc. of 0.02 molar disodium 
phosphate per 100 cc. of solution were added. The time of reaction 
was one hour. The figures are mg. of cuprous oxide reduced by the 
sugar formed under the given conditions. 


Pancreatin. mg. 

Starch " ■ - ■» - ■ • — 

Per cent. o 15. 0.30. 0.45. 0.60 

4 78 156 23s 313 

3 78 152 225 299 

2 76 147 217 286 

1 . 69 132 196 259 

0.5 66 123 172 223 

0.3 60 108 145 177 

0.2 58 100 125 142 

0.1 4 b 70 78 83 


In another series the amount of starch present was so small that 
in no case was the increase in speed of conversion directly proportional 
to the weight of enzyme used, but it is seen that the rate of conversion 
is more nearly proportional to the enzyme in the higher concentrations 
of starch. The conditions were: Time, 5 minutes. Temperature, 40 
Disodium phosphate, 1.5 cc. 0.02 molar and sodium chloride, 200 mg. 
per 100 cc. 
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Pancreatin, mg. 


Starch. - -»-■■■ — ■ ■ ■ . 

Percent. 0.1 0.2 0.3 0.4 

O.1 12 19 28 35 

0.2 12 19 28 37 

0-5 12 23 33 41 


It will be seen from the above tables that with sufficient amounts of 
starch the speed of conversion was directly proportional to the amount 
of enzyme present, while with less starch the increase in speed was not 
in proportion to the increase of enzyme. The sufficiency x>f the starch 
is not a matter of the percentage strength of the starch solution, but of 
the ratio of starch to enzyme. This point will be considered more fully 
below. 

Influence of Alkalinity . — It has been pointed out that the effect of in- 
creasing alkalinity is, first to accelerate the speed of conversion and then 
to retard it. It has also been shown that the optimum alkalinity varies 
with the percentage of starch and for this reason the effect of a given 
amount of alkali on the time curve may be, first, acceleration, and then 
retardation. Therefore, if the time curve was determined, e. g., for a solu- 
tion of 2 per cent, starch containing the optimum concentration of alkali 
at the start, as the conversion proceeded, the alkali, which would re- 
main constant, would have a greater retarding influence as its ratio to 
the amount of starch present increased. 

If, on the other hand, the concentration of hydroxyl ion were much 
below the optimum at the start the speed of conversion would be greatly 
retarded, but as the action continued there would be a constantly ac- 
celerating influence (due to the diminishing percentage of starch) and 
finally the rate of conversion in this solution would equal, or exceed, 
that of solutions having a greater initial concentration of hydroxyl ion. 
The following data and chart illustrate this effect of alkali on the time 
curve, the results being given in mg. of cuprous oxide. 


Effect of Aucau ok the Time Curve. 

Time, in hours. 


Added acid or alkali. 



1 

2 

5 * 

25. 

3 cc. o.Ol N H a S 0 4 . . . 



77 

133 

198 

246 

2 cc. 0.01 N H a S 0 4 . . . 



135 

193 

222 

242 

1 cc. 0.01 N H*S 0 4 . . . 



198 

214 

225 

24O 

Neutral 



201 

215 

225 

*38 

3 cc. 0.01 N NaOH . . 



199 

212 

218 

230 

4 cc. 0.01 N NaOH. . 



177 

196 

2 1 1 

227 

6 cc. 0.01 N NaOH. . . 



136 

173 

205 

221 

8 cc. 0.01 N NaOH. . . 



109 


201 

221 

The conditions for 

these determinations 

were: 

Starch, r 

per c 


Temperature, 40°. Volume (inclusive of added acid or alkali), 113 cc. 
Salt, 125 mg. Pancreatin No. 2, 5 mg. 



1098 


ORGANIC AND BIOLOGICAL. 


This accelerating and retarding action of the alkali depending on the 
percentage of starch and therefore on the amount of conversion, ex- 
plains one cause why previous investigators have found such varying 
conditions of alkali and acid for the optimum conversion of the starch. 

An example taken from our work will show the great variation which 
may exist. When 4 per cent, starch was used and the time of comer- 
sion was limited to 20 minutes, 5 cc. of 0.01 N alkali per 100 cc. of solution 
were required for maximum speed of conversion. When 1 per cent, 
starch was used and 25 hours allowed for the time of conversion the 
greatest amount converted was in a solution containing 3 cc. of 0.0 1 N 
acid per 100 cc. of solution. 

5 to 15 20 25 hours. 



In discussing the curves we will designate the cc. of o.oi N acid used 
as minus alkali; e. g., — x, — 2, or — 3 will mean 1, 2, or 3 cc. of 0.01 N 
acid and +3, +4, +8 will mean cc. of 0.01 N sodium hydroxide. 

The chart shows that a relatively high concentration of hydroxyl ion 
is required at first to give maximum speed to the reaction, but that a 
much lower concentration of hydroxyl ion will eventually cause the rate 
of conversion to equal, and finally exceed, that of the higher concentra- 
tion. This is shown in the accompanying curves. At the end of 1 hour 
the amount of conversion is in the order o, +3, — 1, +4, +6, — 2, 
+ 8, — 3 cc. 0.01 N alkali. At the end of 5 hours the order is o, — r, 
— 2, +3, +4, +6, +8, — 3, and at the end of 25 hours the order is — 3, 
2, 1, o, +3, +4, +6, +8. 
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The following set of determinations with varying amounts of alkali 
also illustrate this fact. 



5 min. 

16 hrs. 

0 cc. of 0.0 1 normal NaOH per 100 cc. 

13 

261 

1 cc. of 001 normal NaOH per 100 cc. . 

15 

251 

2 cc. of 0 01 normal NaOH per 100 cc 

17 

245 

3 cc. of 0.01 normal NaOH per 100 cc. 

.... 11 

240 


If we take the amount of the conversion in the first stages of the reac- 
tion we find the greatest speed in the solution containing 2 cc. of hydroxide 
per 100 cc., while after 16 hours the neutral solution shows the highest 
result. 

A series of results where the time interval was less shows the effect 
of alkali in the first part of the conversion. The total time of digestion 
was only 5 hours, so the last set of figures does not represent the final 
equilibrium. 

Effect of Various Concentrations of Alkali. 

Cc 0.01 X NaOH per 100 cc. 


Minutes. 

0 

1 . 

2 

3 

10 . 

124 

M 3 

IS6 

124 

20 

. . 185 

195 

194 

177 

3 <> •• 

195 

207 

204 

I 9 I 

60 . . 

217 

235 

226 

2I 4 

120 

22 2 

2*0 

235 

231 

180. 

220 

241 

244 

241 

240 

.. 231 

248 

246 

243 

,VK> .... 

232 

252 

250 

244 


The conditions were: Temperature, 40°. 5 mg. of pancreatin 2. 

300 mg. of sodium chloride per 100 cc. 1 per cent, starch. 

Here, although the increments of alkali were very small, their influence 
was apparent throughout the five hours of the experiment. 

To test the effect of a less caustic alkali sodium hydroxide and disodium 
phosphate were compared with the following results (expressed in mg. 
of cuprous oxide) in experiments on 1 per cent, starch containing 300 
mg. sodium chloride per 100 cc. 


Time. With With 

Minutes NaOH 1 Na 2 HP0 4 * 

5 48 49 

10 85 88 

15 1*9 124 

20 145 151 

25 164 170 

30 174 180 


The depressing effect of the alkali as the reaction proceeds is shown 
to be less with the phosphate than with the hydroxide. 

1 2 cc. 0.01 N NaOH. 

* 2 cc. Q.Q2 molar disodium phosphate. 
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Our results indicate that the point of final equilibrium in the con- 
version of starch by pancreatic* amylase is but little influenced by varia- 
tions in hydroxyl ion concentration within the limits which permit the 
action to take place with measurable speed. In the experiments al- 
ready described in which the conditions varied from an addition of 3 cc. 
of 0.01 N H 2 S 0 4 to 8 cc. of o.oi N NaOH the great difference of hydroxyl 
ion concentration was accompanied by a difference of only ten per cent, 
in the amount of reducing sugar found at the end of 25 hours. 

In another series of experiments 10 mg. of pancreatin were allowed 
to act upon 4 grams of starch in 350 cc. of water containing 125 mg. 
salt per 100 cc. for about 16 hours. The solution was then divided into 
four equal parts, 5 mg. more of enzyme and the desired amounts of 
alkali were added to each part, and the reducing sugar found in the differ- 
ent flasks. The amount of conversion was found after the flasks had 
stood 1, 5 or 45 hours. 

While the results do not agree exactly they show that there was no 
decided change in any of the flasks. The results are expressed in mg. 
of cuprous oxide. 


Cc 001 N NaOH p^r ioo cc. 



0 

K>. 

20. 

30 

When divided. 

255 

255 

255 

255 

1 hour later 

257 

259 

256 

255 

5 hours later 

261 

259 

255 

253 

Another set with larger 

amounts of alkali 

gave : 




Cc. 

0 ox N NaOH per ioocc 



20 

30 

40. 

50 

When divided 

250 

250 

249 

246 

45 hours later. . . 

258 

253 

255 

254 


While there was a slight change in these solutions, still there was no 
decrease in reducing sugar to indicate reversion and within the limits 
of experimental error they all attained the same equilibrium. 

Further, the equilibrium was not influenced by the amount of enzyme 
present. After standing 20 hours a solution containing 3 mg. of en- 
zyme reduced 264 mg. of cuprous oxide and the same solution with 12 
mg. of enzyme reduced 266. Two other solutions containing 3 and 12 
mg. of enzyme reduced 246 and 249 mg. cuprous oxide respectively. 

Velocity 0} Reaction . — Our principal data bearing upon the velocity of 
the reaction for different concentrations of starch were obtained in 4 series 
of experiments. In each experiment of the first 3 series (A, B, C) 0.6 mg. 
pancreatin No. 6 acted for the time indicated upon starch solutions the 
strengths of which were for series A, 0.5 per cent. ; for B, 2 per cent. ; for C, 
4 per cent. ; and which contained in all cases 700 mg. sodium chloride 
and 10 cc. of fiftieth-molar disodium phosphate per 100 cc. In series 
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D 5 mg. of pancreatin No. 2 acted upon 1 per cent, starch solution 
containing 700 mg. sodium chloride and 1.5 cc. of 0.01 N sodium hydrox- 
ide per 100 cc. 

The results of the four series expressed in mg. of cuprous oxide were 
as follows : 


Time. 

Curve 

Time 

Curve. 

Curve. 

Time. 

Senes. 

Mm 

A. 

Mm. 

H. 

C 

Min. 

n. 

20 

47 

IO 

2 5 

25 

5 

81 

40 

83 

70 

48 

50 

IO 

140 

60 

117 

30 

72 

74 

15 

172 

80 

142 

40 

94 

100 

20 

184 

IOO 

160 

SO 

1 18 

125 

25 

194 

120 

174 

00 

j?8 

147 

30 

198 

140 

179 

70 

i(>o 

170 

40 

204 

160 

ts 7 

80 


192 

55 

212 

ISO 

iHq 

90 

204 

215 

70 

214 

200 

193 

100 

224 

237 

100 

221 

220 

197 

1 10 

*43 

259 

130 

225 

24O 

199 

120 

263 

280 

190 

230 


The results of series A, B, and C are also shown graphically in the ac- 
companying curves : 



It will be seen from the data and curves (1) that the initial speed of 
conversion for a constant amount of enzyme was the same for the three 
different concentrations of starch; (2) that the speed of the reaction 
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diminished more rapidly the smaller the initial concentration of the starch. 

By a mathematical consideration of the relation between the original 
concentration of the starch and the amount of reducing sugar estimated 
as maltose formed, the following differential and integral equations were 
deduced : 

dx ~k( C ~ x 
dt \C - f * PC ) 

and 

PC(i-i J + \ R) (. \ J?C -f Pi +C x'R + P-i ^RC-PC-i' \ 

2 \//?M \ l 0 g, V/fC+ rc + c+ 2X f \ k-p+ i ° gl \ / RC—PC-—C — 2T / 

In these equations: 

C = original concentration of starch; 
x = varying concentration of reducing sugar; 

P = a constant; 

R - (P 2 + 6P + i); 

M = the logarithm of e to the base io. / 

The value for P is determined by substituting the experimental re- 
sults of series B and C in the equation and finding a number which gives 
constant values to K for the entire series of observations. The value 
thus found for P was 12. When the numerical data of our experiments 
were substituted for these letters the equation reduced to the form 


(log 10 - 


13.865 C 


+ 6.0 log I0 


0.865 C 




Kt. 


0 13. 865 C 4 - x ' — ' ~ <M0 0.865 C 

It is by means of this equation that the values of K given in the pre- 
ceding paper were established. 

Influence of Temperature . — Vernon 1 pointed out the fact that Roberts 
found an optimum temperature at 30 °. The activity remained at its 
maximum until 45 °, when it rapidly diminished to 70°, where it ceased. 
Vernon himself gives figures (with tap water) indicating 35 0 as the 
optimum temperature and the activity still existing at 65°. When he 
used 0.2 per cent, salt the results were widely different. The maximum 
activity was then at 50° instead of 35 0 C., but the action ceased between 
65° and 70 °. 

Our results on the effect of temperature are as follows: 

When no added electrolyte is present the effect of increasing the tem- 
perature from 21 0 to 40 0 is to depress the activity. The following Lint- 
ner figures were obtained with 4 samples of pancreatin : 


Lintner figure 


at 2i° C. 

at 40° C. 

Per cent. 

40°/2I°. 

6.98 

5.78 

83 

I.27 

1. 16 

91 

13-79 

12.22 

88 

I.38 

O.83 

60 


1 J. Physiol., 2% 174 (1901). 
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If, however, the proper amounts of salt and alkali are present the ac- 
tivity at 40° is nearly four times as great as at 21 °. 

The following figures were obtained with pancreatin No. 6, by the 
regular gravimetric method followed throughout the work. There 
were 10 cc. of 0.02 molar disodium phosphate and 700 mg. of salt present 
in every 100 cc. of solution. One-half mg. of enzyme was allowed to 
act for 1 hour in each case. 


Temperature. 

Cuprous oxide 
Mg. 

21° 

65 

30° 

122 

40° 

238 

45 ° 

298 

O 

0 

IT, 

345 

55 ° 

378 

6o° 

256 

C> 5 ° 

66 


Between 20° and 40° the speed is about doubled every io°, in accord- 
ance with van’t Hoff’s rule for normal chemical reactions; between 40° 
and 55 0 the acceleration is less, but temperature still has a great effect. 
Beyond 55 °, where the maximum activity was obtained, the rate of 
change decreases very rapidly. 

The depressing effect of increasing the temperature on amylase in 
solutions without added salt and alkali may be due to the fact that the 
water itself has a greater paralyzing effect at the higher temperature. 
We know that pure water, acting on pancreatic amylase free from neutral 
electrolyte, gradually destroys it, but if a trace of salt and alkali are 
present it will remain active for a long time. 

Influence of Asparagine . — Marked differences of opinion exist as to 
whether asparagine really increases the diastatic power of amylases or 
only helps to give them favorable conditions for activity by regulating 
the reaction of the solution. 

We have experimented upon the effect of asparagine in two ways: 

First, by determining the time curve for solutions containing alkali 
with and without the addition of asparagine. The results of these showed 
no increase of activity in the presence of the asparagine. 

The results are as follows; 


Cuprous oxide, mgr. 

Minutes. A. B. C. D. 

5 48 46 49 47 

10 85 81 88 86 

15 119 118 124 122 

20 145 H 2 *5* 149 

25 164 162 170 168 

30 174 175 180 179 
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Solution A contained 2 cc. 0.01 N sodium hydroxide per 100 cc. 

Solution B contained 2 cc. 0.0 r N sodium hydroxide *f 50 mg. asparagine. 

Solution C contained 2 cc. 0.02 molar disodium phosphate. 

Solution D contained 2- cc. o 02 molar disodium phosphate + 50 mg. asparagine. 

In a second series we added asparagine to solutions containing in- 
creasing amounts of alkali as phosphate. 

So long as the amount of phosphate was below the optimum the addi- 
tion of asparagine depressed the activity of the amylase. When so much 
phosphate was added that its alkalinity depressed the action, the addi- 
tion of asparagine helped to counteract the effect of the excess of alkali 
and to allow the enzyme to act normally. The results follow: 

Mg. cuprous oxide 

Alkalinity of solution. < — * * — * 


cc 0.02 molar without with 

Na £ HPO« per 100 cc asparagine. aspaiagine. 

2 . . 260 227 

3 ( 2 9°) 281 

4 301 291 

5 (304) 309 

6 3°7 312 

7 (3C>8) 327 . 

10 313 329 

l6 296 329 

20 273 324 

30 264 316 

40 236 307 


In the presence of 10 cc. of 0.02 molar disodium phosphate increasing 
the amount of asparagine had no effect. 

Asparagine. Cuprous oxide. 

Mg. Mg. 

IO 321 


IOO 

* 5 ° 

200 


300 


329 
328 

330 
324 


Summary. 

1. Pancreatic amylase when tested in the form of high grade commer- 
cial preparations upon soluble starch prepared by the Lintner method 
and purified by dialysis, was inactive, but was activated by the addition 
of a small amount of neutral electrolyte and was still further activated 
by the addition of both salt and alkali. 

2. Until the enzyme was fully activated the optimum concentrations 
of salt and alkali appeared to depend upon each other ; beyond this point 
the optimum concentration of alkali appeared to depend primarily upon 
the concentration of the starch. 

3. With a given amount of enzyme, properly activated, the initial rate 
of hydrolysis was not dependent upon the amount of starch; as the re- 
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action proceeded its rate diminished but less rapidly the greater the 
amount of starch present. 

4. Working with 1 per cent, starch, however favorable the conditions 
of salt and alkalinity and however large the amount of enzyme, the 
hydrolysis tended to come to equilibrium when the weight of maltose 
reached about 85 per cent, of the initial weight of starch. 

5. In the presence of more than the optimum amount of alkali the 
point of equilibrium was approximately the same if sufficient time was 
allowed and fresh enzyme added during the reaction. 

6. The data obtained have been applied in a method of determining 
and expressing diastatic power based upon the optimum conditions 
of salt and alkalinity as found for pancrea*tin and the quantitative re- 
lation between the amount of amylase and the reducing sugar it pro- 
duces as shown by the velocity curve. The description of this method 
has been given in the preceding paper. 

7. Between 20 0 and 40 0 the action of pancreatic amylase (properly 
activated by sodium chloride and sodium phorphate) showed a tem- 
perature coefficient approximating van’t Hoff's rule for normal chemical 
reactions, since it nearly doubles for a rise of 10 °. 

8. Tested in solutions of varying alkalinity containing sodium chloride 
and sodium hydroxide or sodium phosphate, asparagine showed little, 
if any, effect not explainable by its influence upon the alkalinity of the 
solution. 


NOTE. 

Note: Preparation of ortho - and para- Nitro phenols. — The preparation 
of the nitrophenols as ordinarily carried out is accompanied by the pro- 
duction of much tar and is a somewhat unpleasant operation. The 
yield of the para compound is small, 50 grams of phenol giving according 
to Gattermann only from 5 to 10 grams of para-nitrophenol. Inex- 
perienced operators often get no more than one or two grams of the com- 
pound, if any at all. This justifies the publication of the improvement 
recommended in the present note. 

The production of tar is completely avoided and a yield of 18 per cent, 
of para-nitrophenol (13 grams from 50 grams of phenol) is obtained uni- 
formly, if the nitric acid is vigorously stirred during the addition to it of 
the phenol. The results given below were obtained by carrying out the 
operation as follows: A solution of 80 grams sodium nitrate and 100 
grams of strong sulphuric acid in 200 cc. of water was energetically stirred 
with the aid of a small water motor and kept at about 25 °. To this 
was added drop by drop, at the rate of about 30 or 35 drops a minute, 
out of a separatory funnel, a solution of 50 grams crystallized phenol 
in 5 grams alcohol. The stirring was continued for about one-half hour 
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after the addition of the phenol was completed, the mixture was allowed 
to stand for an hour and one-half longer, and then treated, as usual, 
with double its volume of water. The heavy oil that separated out was 
reddish-brown in color, but invariably transparent and free from sticky 
or tarry ingredients. The oil was washed two or three times with water 
and subjected to distillation with steam. The distillate yielded slightly 
less than 30 grams of a beautiful ortho-nitrophenol (the quantity ob- 
tained by Gattermann). The residue was evaporated to less than half 
its volume, boiled with 20 grams of bone-black, filtered hot, and allowed 
to crystallize in the cold. Two consecutive operations yielded, respec- 
tively, 13.2 and 12.9 grams of pure para-nitrophenol, which is about 18 
per cent, of the theoretical yield from 50 grams of phenol. A nitration 
similarly carried out, but with the temperature kept, not at 25 0 but 
at 4 0 , resulted in 12.8 grams of para-nitrophenol. Below 4 0 the nitra- 
tion refused to take place, altogether. Further, a nitration carefuly 
carried out at 50° yielded 12.5 grams of para-nitrophenol a*d slighty 
less of the ortho compound than is usually obtained at lower temper- 
atures. t 

The temperature thus seems to have but little influence oit the yield 
of both ortho- and para-nitrophenol, and the ordinary temperature of 
the laboratory is but slightly more propitious than either higher or lower 
temperatures. Far more important are the vigorous stirring of the solu- 
tion during nitration and the very gradual addition of the phenol. 

R. S. Hart. 

Clark. University, Worcester, Mass., 

June 18, 1910. 
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Radiochemistry. By A. T. Cameron, M A., B.Sc., Lecturer in Physiological Chem- 
istry, University of Manitoba. London; J. M Dent & Sons, Limited 1910. 
viii +174 pp. Price 2 s. 6d. net. 

The book, the contents of which are based largely on three articles 
dealing with the “Transformation of Elements” which appeared in Science 
Progress in 1908, treats selected topics of the subject of radioactivity 
from the chemical point of view. The physical side is sketched only 
in sufficient outline to enable the reader who has some knowledge of 
physics and chemistry to appreciate the chemical results. 

Those chapters which recount the properties and chemical behavior 
of radium emanation are of greatest interest; part of the results repre- 
sent the author's own work with Sir William Ramsay. Radium emana- 
tion is now known in the solid and liquid as well as in the gaseous state. 
In the latter form it is produced to the extent of 0.1 cm. per day per gram 
of radium. The liquid emanation has a density of about 5; it boils at 
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—62 0 ; it is practically colorless, with a marked greenish phosphorescence; 
the solid glows with great brilliancy like a small steel-blue arc light. 
It is now fully established that the emanation can bring about numerous 
purely chemical reactions; “each atom of the emanation, as it disinte- 
grates, produces a certain definite chemical effect.” It is also certain 
that helium is a product of the spontaneous disintegration of the emana- 
tion; but the possibility of the transmutation or atomic degradation of 
common elements under the influence of the emanation is still an 'open 
question. In addition to the familiar case of copper and lithium, these sup- 
posed transmutations now include the production of neon from the emana- 
tion and pure water, argon from a copper solution, and carbon dioxide 
from each of the elements thorium, zirconium, lead, titanium and silicon. 
However, the author shows that it is possible that the lithium came from 
the glass, in which it previously existed and that the neon and argon 
came from the air, while the carbon dioxide may have been formed by 
purely chemical changes of traces of carbonates present as impurities. 
(Although thorium oxalate is by far the least soluble of all oxalates, 
the reviewer has observed that it is appreciably soluble in a concentrated 
solution of thorium nitrate. Since thorium is always separated as oxalate 
in the process of manufacture, it is possible that some oxalate may re- 
main in the otherwise pure nitrate and by subsequent decomposition 
give carbon dioxide.) The last two chapters are devoted to applica- 
tions of radioactivity to geology and to medicine ; a bibliography of nearly 
one hundred titles completes the book. 

For a greater part of the matter of the second chapter, which treats 
of radioactive methods as illustrated by the thorium .series, acknowledge- 
ment is made to Rutherford's Radioactivity , second edition. But ap- 
parently the author has not read this classic very carefully, if we may 
judge by pp. 16-18. In explanation of the rise to a maximum of the 
activity of the Th X separated from Th, it is said that this maximum 
represents the time when in any given interval as much of the products 
of Th X is formed as decays in that time. “These products are then 
said to be in radioactive equilibrium and no longer affect the nature of 
the curve.” Now, as a matter of fact, the maximum amounts of the 
products are not reached until about 40 hours after the start, whereas 
the maximum activity is attained in about 18 hours. Furthermore the 
decay curve, as measured by the activity, is appreciably affected for 
three days after the maximum activity is passed and at no time does a 
state of radioactive equilibrium result. In giving the fundamental 
equation for the decay of any radioactive substance, p. 17, the author 
has blindly followed the misprint in Rutherford, p. 22 2, writing ljl t » 
instead of IJI 0 « e~ u . This leads him to the erroneous equation 
2 mm where t is now the period. On p. 90 the same incorrect funda- 
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mental equation occurs twice. A number of other errors occur; as p. 
2 6, that the $ rays obey the light laws; p. 39, that U X dissolves in the 
ether layer, in the separation by Crookes* method and p. 55 that thorium 
occurs chiefly in Ceylon. However, the story of radioactivity is inher- 
ently so interesting that, in spite of these errors, the book will not dis- 
appoint the reader who wishes to learn the present state of our knowledge 
of radioactive transformations and suspected transmutations. 

Herbert N. McCoy. 

Outlines of Organic Chemistry. By F. J. Moorjs, Ph.P., Associate Professor of 
Organic Chemistry in the Massachusetts Institute of Technology. New York 
City: John Wiley & Sons. 1910. pp. ix 4* 315. Cloth, $1.50. 

The book is the outgrowth of a series of lectures given to students 
whose principal work is in Physics, Biology and Sanitary Engineering. 
It differs from most elementary texts in that a few of the customary 
subjects are omitted and in those subjects considered only a few com- 
pounds are taken up, but these are discussed fully and clearlyf Its aim 
seems to be “to teach not much but well.** The almost complete ab- 
sence of empirical formulas is noticeable. 

Typographical errors incident to* a first edition are fdund iff formulas 
on pages 47, 94, 159 and 184. Most teachers of chemistry will object 
to oxidation or reduction reactions being written with the symbols 
0 # or H 4 where ordinary oxidations or reductions are being described, 
pages 112, 251, 254, 261, 264, 266, 272, 281, 284 and 293. The formula 
for an isocyanide, page 74, and the spelling of the plural of formula, 
page 84, should be changed to agree with modem chemical usage. 

Organic chemistry is being recognized as a subject of general interest 
and for the needs of the average students in the short courses, which 
are being given in increasing numbers by the American colleges and uni- 
versities, this text will be found to serve excellently. 

Raeph H. McKee. 

Handbuch der landwirtschaftUchen Bakteriologie. By Dr. F. LOhnxs. Berlin; 

Gebriider Borntraeger. Svo. viii + 907 pp. 

The development of agricultural science, like that of any other science, 
is marked by the appearance, ftom time to time, of books that summarize 
and interpret the data scattered in current publications. The present 
volume may be deservedly included in this list of important books, both 
for the unusual richness of the reference material contained in it and 
for the scholarly interpretation of the almost endless array of facts deal- 
ing with some of the agricultural relations of bacteria. 

The five divisions of the book are arranged as follows: (1) Occurence 
&nd Activities of Microorganisms in Foodstuffs, 97 pp.; (2) Occurrence 
and Activities of Microorganisms in the Retting of Flax and Hemp and 
in the Fermentation of Tobacco, 16 pp.; (3) Occurrence and Activities 
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of Microorganisms ih Milk and Milk Products, 310 pp. ; (4) Occurrence 
and Activities of Microorganisms in Barnyard Manure, 73 pp. ; (5) Oc- 
currence and Activities of Microorganisms in the Soil, 280 pp; Index, 
1 15 PP- 

No attempt is made bv the author to discuss the bacteriology of water, 
sewage and sewage disposal. Evidently these topics appeared to him 
as belonging properly to the domain of sanitation, rather than that of 
agriculture. Similarly the rather extensive body of facts relating to 
bacteria pathogenic to higher plants is not considered by the author. 
While this may appear unfortunate to some of us, it must be admitted 
that he had good reason for this omission, since any discussion of plant- 
pathology from the bacterial standpoint alone must of necessity remain 
incomplete and one-sided. To secure completeness, one would have 
to consider the more or less distinct field of mycology, a task that would 
be hardly pertinent and far from simple. 

To the American student this volume will prove of especial interest, 
because of the very satisfactory review of \meiican data. The author 
deserves much credit for the thoroughness of this part of his work, par- 
ticularly since he had to depend for his material almost entirely on the 
Experiment Station Record. Incidentally this achievement may be 
regarded as a splendid compliment to the editor and staff of the Ex- 
periment Station Record. For instance, the reference material on en- 
silage; on the numbers and kinds of bacteria in milk as influenced by 
handling and treatment; and on the ripening of hard and soft cheeses 
is reasonably complete. The same may be said of much of the soil- 
bacteriological work of the Delaware, North Carolina and New Jersey 
Experiment Stations. 

Everything considered, the Handbook should prove serviceable to 
every student, teacher and investigator in the domain of agricultural 
bacteriology. All of these will feel indebted to the author for the many 
hours of tedious searching in books and journals that he will have saved 
them. They will, no doubt, appreciate also the helpful discussion of 
methods and culture media that represents one of the valuable features 
of the book. Jacob G. Lipman. 

Laboratory Exercises in General Chemistry. William Martin Blanchard, Professor 
of Chemistry, Depauw University. The Chemical Publishing Company; Easton, 
Pa. pp. 88. Price, $1.00. 

This is a laboratory manual in general chemistry “ arranged to meet 
the needs of college students who have had no previous training in chem- 
istry/' While there is little original material in the book, the experi- 
ments are well chosen and carefully written and include a number of 
quantitative experiments. To perform those given will require about 
six hours a week during the college year. C. W. Balke. 
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In the autumn of 1909 the Council of the Chemical Society of London 
voted unanimously in favor of issuing the annual report of the Interna- 
tional Committee on Atomic Weights in September or October instead 
of in January, as heretofore. In that proposition the Chemical Society 
of France has concurred, and American sentiment has also been favora- 
ble to the suggested change. Therefore the change is now made. 

The reasons offered for the new policy are very simple: First, the 
school year, at least in most educational institutions, begins in the autumn. 
It is desirable that teachers should then have the latest table of atomic 
weights at their command, in order to avoid changes after school work 
has begun. Secondly, publishers of text-books are accustomed to issue 
their new works in the autumn, and often request early information as 
to changes which are likely to be made. The proposed change in the 
time of issuing the table is therefore an aid to teachers, students and 
publishers, and no disadvantage to any one else. The immediate useful- 
ness of the table is increased, and to attain that end should be a main 
purpose of the committee. 

Since the preparation of the report for 1910, a number of important 
memoirs upon atomic weights have appeared. The results obtained are, 
in brief, as follows : 

Chlorine . — The density, composition by volume, and compressibility 
of hydrochloric acid have been measured by Gray and Burt 1 with great 
care. From the density and volumetric composition, when H = 1.00762, 
Cl «■ 35.459* From the density and compressibility, Cl — 35.461. 

1 J. Chem, Soc. f 95, 1633. 
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The mean, 35 . 460, is the value given in the annual table of atomic weighty 
for the past two or three years. 

The density of hydrochloric acid has also been determined by Scheuer, 1 
who gives measurements made under farying conditions. His final 
conclusion, based upon his own work after comparison with that of Gray 
and Burt, is that Cl = 35 466. 

Lithium. — Richards and Willard, 2 in their important research upon 
the atomic weight of lithium, measured three distinct ratios; namely, 
silver to lithium chloride, silver chloride to lithium chloride, and lithium 
perchlorate to lithium chloride. From these ratios, without the inter- 
vention of any others, the following independent values for three atomic 
weights are obtained : 

Li « 6 . 939 

Cl - 35-454 

Ag * 107.871 % 

The value for silver varies from the accepted value, 107.88, by about 
one part in 12000, which is probably less than the actual uncertainty. 
That for chlorine diverges more widely, namely, by about one part in 
6000. The new figures are undoubtedly entitled to great weight, but' in 
view of the excellent work done by others it would be unwise to make 
any hasty change in the table. For lithium, however, the value 6 94 
may be taken, replacing the old 7.00. 

Strontium. — Thorpe and Francis, 8 in their determinations of the atomic 
weight of strontium, measured six ratios, and obtained the following 
results: 

Ratio 2Ag to SrBr t , Sr — 87.645 

Ratio 2AgBr to SrBr a , Sr — 87.653 

Ratio 2 Ag to SrCl 2 , Sr ** 87.642 

Ratio 2AgCl to SrCl„ Sr 87.645 

Ratio SrBr a to SrS 0 4 , Sr — 87 . 629 

Ratio SrCl, to SrS 0 4 , Sr — 87.661 

Mean of all, Sr - 87.646 

The value adopted by the authors is 87.65. Richards* figure is 87.62. 
An intermediate value, 87.63, is adopted in the new table. 

• Phosphorus . — Atomic weight redetermined by Baxter and Jones. 4 
From the ratio between silver and silver triphosphate the authors find 
P = 31.043, when Ag = 107.88. The rounded-off figure 31.04 is to be 
adopted. 

Vanadium. — From the ratio between silver chloride and vanadyl 

1 Z. physik. Chem. f 68, 575. 

9 This Journal, 32, 4. 

8 Proc. Roy. Soc. f London A, 83, 277. 

4 This Journal, 32, 298. 
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trichloride, Prandtl and Bleyer 1 find V = 50.963 and 51.133 in two 
series of experiments. 

0 In a later paper, Prandtl and Bleyer, 2 also from analyses of vanadyl 
trichloride, find V = 51.06%. From reductions of V 2 0 5 to V 2 O s they 
found V = 51.374. The latter method, however, they regard as un- 
certain. The value V = 51.06 may be provisionally adopted. 

Tellurium . — Marckwald and Foizik, 8 by a somewhat complex volu- 
metric process, based on the oxidation of Te 0 2 by KMn 0 4 , conclude 
that Te = 127.61. This agrees with many of the other recent deter- 
minations of the constant, but is not sufficiently exact to supplant the 
value given in the table. 

Rhodium . — Two inaugural dissertations upon the atomic weight of 
rhodium have been issued from Gutbier’s laboratory at Erlangen. Renz 
reduced rhodium pentammine bromide in hydrogen and found Rh — 102 . 92. 
II. Diltmar, 1 by similar reductions of the corresponding chloride, found 
Rh — 102.93. 

Platinum. — The very elaborate investigation of Archibald 6 upon the- 
atomic weight of platinum was based upon analyses of the chloroplatin- 
ates and bromoplatinates of potassium and ammonium. In all, 28 
ratios were measured, giving values for Pt ranging between 195.19 and 
195 25. Their arithmetical mean gives Pt — 195 22. Archibald, 
however, in his final discussion, uses only 12 ratios, giving, in mean, 
Pt — 195 23 The figure 195.2 is given in the table. 

The Inert Gases . — The densities and molecular weights of helium and 
neon have been redetermined by Watson.® For the atomic weights he 
finds He - 3.994 and Ne ~ 20 200. In another paper 7 he applies 
the critical constants of krypton and xenon to their densities as deter- 
mined by Moore, and finds Kr * 82.92 and Xe = 130 22. There 
are also new determinations of the density of argon, by Fischer and 
Hahnel.® Their mean value, referred to O — 16, is 19.945, a figure 
rather higher than that given by Ramsay and Travers. It corresponds 
to an atomic weight of A = 39 . 89. 

It is also to be noted that a third, revised, edition of Clarke’s u Recalcu- 
lation of the Atomic Weights’* has recently been published by the Smith- 
sonian Institution. 

1 Z. anorg. Chem. t 65, 152. 

* Ibid., 67, 257. 

* Ber. t 43, 1710. See also Browning and Flint, Am. /. Set., [4] 28, 347, who 
adduce evidence to show that tellurium is possibly complex. 

4 Reproduced in Sitz . phys. med. Soz. Erlangen , 40, 184. 

B Proc. Roy . Soc . Edinburgh , 29, 721. 

* J. Chem. Soc., 97, 810. 

’ Ibid., 97, 833. 

* Ber., 43, 1435. 
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The annual table of atomic weights for 1911 follows, with but few 
changes from that of the preceding year. 

International Atomic Weights, 1911. 




Atomic 



Atomic 


Symbol. 

weight. 


Symbol 

weight. 

Aluminium 

A 1 

27 I 

Molybdenum. . . . 

...Mo 

96.0 

Antimony 

Sb 

120 2 

Neodymium 

.. Nd 

144 3 ' 

Argon 

A 

39 88 

Neon 

. .Ne 

20 2 

Arsenic 

As 

74 96 

Nickel 

. .. Ni 

58.68 

Barium 

Ba 

137*37 

Nitrogen 

. . N 

14 01 

Bismuth 

Bi 

208 . 0 

Osmium 

... Os 

190 9 

Boron 

B 

1 1 .0 

Oxygen 

... O 

16 00 

Bromine. . . . 

Br 

79.92 

Palladium 

.. Pd 

106.7 

Cadmium 

Cd 

112.40 

Phosphorus 

.. P 

31 04 

Caesium ... . 

Cs 

132.81 

Platinum 

..Pt 

195-2 

Calcium 

Ca 

40 .09 

Potassium 

. . K 

TO IO 

Carbon 

C 

12 OO 

Praseodymium 

.Pr 

140 6 

Cerium 

Ce 

140.25 

Radium 

...Ra 

22$-4 

Chlorine 

Cl 

ts 46 

Rhodium 

.Rh 

102 .9 * 

Chromium 

Cr 

52.0 

Rubidium 

Rb 

85 45 

Cobalt 

Co 

58.97 

Ruthenium 

. .Ru 

101 .7 

Columbium 

Cb 

93 5 

Samarium . 

. Sa 

150.4 

Copper 

Cu 

63-57 

Scandium 

...Sc 

44 1 

Dysprosium 

Dy 

162.5 

Selenium 

. vSe 

79 2 

Erbium 

Er 

167.4 

Silicon 

Si 

28 3 

Europium 

Eu 

152.0 

Silver 

..Ag 

107 88 

Fluorine 

F 

19.0 

Sodium 

, .. Na 

23.00 

Gadolinium ... . 

Gd 

157-3 

Strontium 

..Sr 

8763 

Gallium 

Ga 

69 9 

Sulphur 

... S 

32.07 

Germanium 

Ge 

72-5 

Tantalum 

. ..Ta 

181 0 

Glucinum 

G 1 

9 *i 

Tellurium 

...Te 

127 5 

Gold 


197.2 

Terbium 

. . .Tb 

159 2 

Helium 

He 

3-99 

Thallium 

...Tl 

204.0 

Hydrogen 

H 

1 .008 

Thorium 

...Th 

232.4 

Indium 

In 

114.8 

Thulium 

...Tm 

168.5 

Iodine 

........I 

126.92 

Tin 

. ..Sn 

119.0 

Iridium 

Ir 

193 . 1 

Titanium 

. .Ti 

48.1 

Iron 

Fe 

55-85 

Tungsten 

...W 

184.0 

Krypton 

Kr 

82.92 

Uranium 

...U 

238.5 

Lanthanum 


139-0 

Vanadium 

...V 

51.06 

Lead 

Pb 

20 ) IO 

Xenon 

...Xe 

130.2 

L^hium 

Li 

6.94 

Ytterbium 



Lmecium 

Lu 

174.0 

(Neoytterbium).. . 

. ..Yb 

172 .0 

Magnesium 

Mg 

24.32 

Yttrium 

...Yt 

89.0 

Manganese 

Mn 

54-93 

Zinc 

...Zn 

6537 

Mercury 

Hg 

200 0 

Zirconium 

...Zr 

90.6 


Signed, F. W. Clarke, 
T. E. Thorpe, 
W. Ostwald, 
G. Urbain. 
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THE ATOMIC WEIGHT OF MERCURY. 

(SECOND paper.) 

By C. W. Easley. 

Received July 30, 1910. 

In a series of experiments on the atomic weight of mercury, described 
in a previous communication, 1 mercuric chloride of very great purity 
was prepared and its analysis tended to show that the accepted value 
of this constant was too low. This conclusion was reached as a result 
of work having to do with the ratio HgCl 2 :2AgCl. Since the results 
differ from the accepted value by three- tenths of one per cent., it seemed 
best to establish their correctness in a general way before publication. 
This was done by determining the percentage of mercury in mercuric 
chloride but it was explicitly stated that the method of verification was 
involved and did not approach in accuracy the one by which the ratio 
IIgCl 2 : 2AgCl was determined and that the former was employed merely 
to indicate the general neighborhood in which the true value lay. The 
value obtained by this, less accurate, method differed from the first by 
less than one-tenth of one per cent, but the process was so questionable 
from the standpoint of the complete collection 2 of the mercury that the 
same ratio has been determined in another way by work in this labora- 
tory. The results corroborate and agree very closely with the higher 
value previously published. To determine this ratio, the metal was 
deposited electrolytically from mercuric chloride of the same degree of 
purity as that employed in the previous work, the methods of prepara- 
tion being identical. The value obtained, 200.63, is in almost exact 
agreement with the finding of the previous investigation, 200.62, calcu- 
lated from the ratio HgCl 2 : 2AgCl, which was believed to give a result 
with very small error. 

Historical and Critical Survey. 

In order to find a possible source of error in the work of previous in- 
vestigators, it may be best to append the work already published. 

The table brings to light the fact that mercury itself constitutes one 
term of every ratio. The metal has been liberated from the several 
compounds by two methods: (1) by heating with calcium oxide or 
copper in a stream of an inert gas by means of which the mercury was 
swept out of the tube containing the reacting mixture, the vapor b^jng 
condensed in a portion of the apparatus used subsequently for weighing 
x This Journal, 31 , 1207 . 

* That a small portion of the finely divided metal passed by the filter in the process 
of its separation from the filtrate containing the chlorine was known from the solvent 
action of the mercury salt on the silver chloride. This was described in the previous 
paper. In fact, only a few of the attempts to collect and determine the mercury were 
successful, owing to its tendency, under the conditions of the experiments, to be pre- 
cipitated in such a finely divided state. 
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the deposit; (2) by depositing the metal on a platinum dish with the 
aid of the electric current. It is not unlikely that the first method is 

Ratio. Atomic weight 

Turner {Phil. Trans , 1833, 531) HgO : Hg 200.63 

Erdmann and Marchand (J . prakt. Chem., 31, 395) . HgO : Hg 200.20 

Hardin (This Journal, 18, 1003) HgO : Hg 200.04 

Erdmann and Marchand (J. praki. Chem., 31, 395). . HgS : Hg 200.52 

Turner {Phil. Trans. , 1833, 531) HgCl 2 : Hg 199 67 


Millon {Ann. chim. phys., 18, 345) “ 200.22 

Svanberg (J. prakt. Chctn 45, 472) “ 199. 71 

Hardin, (This Journal, 18, 1903) “ 200.06 


“ “ « “ “ HgBr 2 : Hg 199 80 

" “ “ « - Hg(CN) 2 : Hg 199 84 

“ " “ " Hg : Ag I99 9 2 

Turner 1 {Phil. Trans., 1833, 531) HgCl* : 2AgCl 

object to loss of mercury through imperfect condensation, as it will be 
shown later that the vapor pressure of mercury at rather low temper- 
atures, although small, is sufficient to be of considerable importance. 
This would seem to be the main point of weakness in all the previous 
work, as the preparation of the compounds in a fairly pure condition, 
with the exception of the oxide, appears to be a comparatively simple 
matter . 2 Whether any of the compounds escaped contact with the lime 
or copper, however, might be questioned. The process was certainly 
complete in the electrolytic method of Hardin but the details concerning 
such an important matter as the drying of the deposit are so meager 
that the results do not carry the weight that their agreement would other- 
wise warrant. 

The loss of mercury at low temperatures due to its vapor pressure, 
however slight, is not to be overlooked. At a given temperature, the 
loss would obviously depend upon the rate at which the vapor was swept 
through the condensing tube, or, in the case of drying deposits on platinum 
dishes, on the amount of convection currents in the immediate neighbor- 
hood. In the first case, it is entirely possible that the condensation of 
the mercury, its partial pressure in the mixture being small, from the 
stream of hot gas was not complete in spite of the fact that gold leaf 
was employed to collect the portions which might escape. The ques- 
tion involved in the later electrolytic work is the same but here we have 
to do with the metal spread over the surface of a dish which 11 was washed 

1 In this determination, no account whatsoever was taken of the solvent action 
of mercury salts on silver chloride so that the values have been excluded from the 
table as being subject to known error. The results were abnormally high. 

* It was shown in the previous paper that the sublimation of the chloride from 
material containing water, such as recrystallized salt, is attended with the produc- 
tion of a slight amount of basic salt. 
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several times with boiling water and carefully dri ed.” The temperature 
and method of drying are not stated. 

It is well-nigh impossible to reproduce the exact conditions under 
which various observers have worked but some experiments were under- 
taken to show the effect of evaporation at moderately low temperatures 
on the weight of mercury. However, no attempts at exaggerating the 
ordinary drying methods were made. Instead of exposing a considerable 
surface of the metal such as a deposit on a dish, a globule of dry mercury 
having a surface of 1.5 sq. cm. was placed in a weighing bottle 3 sq. cm. 
in cross section and 5 cm. in height. The bottle was placed in an air 
oven and maintained for such periods of time and at such temperatures 
as are shown in the accompanying table. Under such conditions there 
are no air currents to any extent and no other liquid whose vaporiza- 
tion would tend to carry away the mercurial vapor with it. 


if ours in 

Temperature 

Total loss 

Loss in grams 

oven. 

of oven 

in grams. 

per hour. 

3 

50 ° 

O 0016 

O.OOO53 

4 'A 

50 

0.0024 

O.OOO53 

10 

50 

O 0033 

O 00033 

6 

50 

0.0027 

O 00048 

3 1 * 

50 

0.0010 

O.OOO29 

19 

50 

0 0057 

O 00030 

8 

60 

0 0050 

O 00063 


The results are as concordant as one might expect and even under 
these conditions, where the evaporation is reduced to a minimum, the 
loss is considerable. Especially in the case of a mercury deposit on a 
platinum dish, 1 the effect is not to be neglected because of the relatively 
large error 2 due to the small amount of mercury which may be satisfac- 
torily dealt with in this manner. 

In the following work, in view of the errors which might arise from 
the volatility of the metal, it was decided to dry the mercury at ordinary 
temperatures, using acetone to remove the water as was done in the pre- 
vious work. The error committed by this procedure is exceedingly small 
although under favorable conditions the evaporation of mercury may 
be measured at quite low temperatures. Thus, in a room, subject to 
draughts, at a temperature of 25 °, a slight though decided loss was no- 
ticed on several occasions when a considerable surface of mercury was 
exposed for 24 hours. 

1 The manuals on electro-analysis do not agree on the temperature at which mer- 
cury should be free from water. One commonly U9ed, however, recommends the 
drying on a moderately warm plate. 

* Thus, with one gram of mercuric chloride, the average amount used by Hardin, 
each change of a tenth of a milligram of the metal in the neighborhood of the actual 
amount present affects the atomic weight in the first decimal place. 
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General Method. 

In order to secure recognition of the higher value of the atomic weight 
of mercury by any method, the latter must be free from the objections 
urged against the process used in determining the same ratio as described 
in the preliminary paper . 1 The electrodeposition of mercury from the 
chloride under proper conditions realizes this condition to a marked 
degree. That the metal is completely freed from the chlorine by this 
process is well known and its complete collection is assured from the 
form of the apparatus. Again, electrolytic methods in general possess 
simplicity. In the work here described even greater simplicity, and 
therefore greater accuracy, has been attained from the manner in which 
the deposit is handled. A special vessel was devised in which the metal 
was deposited in globular form by means of a mercury cathode and 
without being removed was washed by decantation, freed from water 
by means of acetone and finally weighed. A test of the method is whether 
a globule of mercury can be subjected to the above-mentioned treatment 
without change of weight. Many experiments bearing on this point 
show that the changes in weight, a similar vessel receiving similar treat- 
ment, of course, serving as a counterpoise, are small, never bein^g greater 
than a tenth of a milligram and generally no more than a few hundredths. 
Such changes may therefore be attributed to errors incident to weighing 
glass vessels of the size employed. By the electrolysis of known weights 
of mercuric chloride with precautions to be mentioned later, one has a 
method at once simple and accurate and possessing the very great ad- 
vantage, other things being equal, that relatively large amounts of mer- 
cury may be deposited without increasing the error of measurement. 
Over twenty grams of mercuric chloride were electrolyzed in the tube 
with the same ease and accuracy as were the smaller amounts. 

The Material . — For the sake of comparison with the work previously 
published, three samples of mercuric chloride were prepared with the 
same care and in precisely the same manner as in that work. For the 
details reference should be made to that paper. The corresponding 
samples are designated by the same numbers in both communications. 
The analyses of these samples are considered in a series by themselves 
for the reason that no suspicion whatever is attached to the purity of 
either the salt or the mercury obtained from it. 

Not so much can be claimed for sample o which was originally intended 
for the preliminary work in order that some uniformity of results might 
be attained while the method was being tested out. To this end, the 
choicest appearing crystals from Kahlbaum’s highest grade of mercuric 
chloride were sublimed in a current of dry air in the special tube de- 
scribed in the previous paper. A large fraction coming over first was 

1 This Journal, 31, 1207. 
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discarded, but most of the remainder was collected. During the sublima- 
tion, the temperature was maintained in the neighborhood of, 300°. 
An exceedingly small residue, for commercial material, remained, which 
had every appearance of being carbon. The salt was entirely soluble 
in water. 

The results of the analyses of this sample were quite concordant, and 
a search was begun to discover the nature of the traces of impurities for 
it was evident that very pure salt was being dealt with. Slight amounts 
of arsenic only could be found in the original Kahlbaum salt and none 
whatever in the sublimed portion, so that it was decided to use the re- 
sults of the analyses of this sample as evidence in this investigation. 
Naturally, less weight must be attached to the results from this sample, 
subjected to physical treatment only in its purification, than to the values 
from samples 1,2, and 3, especially as the latter samples were the last 
to be analyzed and thus greater manipulative skill was possible at this 
stage of the work. That some impurity was present, however, was evi- 
denced from the fact that the globule after drying had a peculiarly striated 
appearance here and there, although the surface was lustrous. Any 
metal deposited simultaneously must have been present in very small 
amounts and would probably have dissolved in the mercury. The deposi- 
tion of platinum was not the cause for the same phenomenon did not 
occur with any of the other samples. Judging from the high results, 
if a foreign metal is present, it must have an atomic weight higher that 
that of mercury, which is quite improbable. The sample gives a result 
so little above that of the final series, however, that the difference might 
be accounted for by the retention of a minute quantity of water or even 
acetone by the peculiar surface which, in turn, might have been caused 
by the slightest amount of an impurity. 1 

Weighing . — A Sartorius balance was used and the consecutive weigh- 
ings could be relied upon to one-fortieth of a milligram. In de- 
termining the weight of the salt, substitution w r as the method employed 
while, in the case of the mercury, the tube containing the metal was 
counterpoised with a similar tube and was subjected to the process of 
double weighing in order to correct for the inequalities in the length of 
the balance arms. 

1 That the presence of very small amounts of certain impurities interferes with 
the tendency of the separate particles to unite is well known. In washing the mer- 
cury obtained from this sample, the particles sometimes became detached and con- 
siderable more difficulty was experienced in reuniting them than in the case of the 
other samples. It is not impossible that a small amount of packing material, often 
found in chemicals, was destroyed during the sublimation and that some of the products 
distilled over so that the appearance of the mercury might be due to very small de- 
tached particles of the metal itself covered with a film of organic matter. 
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The gold-plated brass weights were calibrated and the proper correc- 
tions applied. The following vacuum corrections were made: 

+ 0.000080 gram per gram of mercuric chloride. 

— 0.000055 gram per gram of mercury. 

The Cathode . — In view of the difficulties attending washing and dry- 
ing deposits on platinum dishes, it was decided very early in the course 
of the work to make use of a mercury cathode, an idea due to Wolcott 
Gibbs 1 in 1883 and used by him and others in depositing various metals 
in the form of amalgams. The main drawback to the more general 
adoption of such a method has been the difficulty of handling the de- 
posit, an objection which has been overcome in this work. In the present 
case, such a cathode seems ideal in that it avoids an interface of any con- 
siderable area with another conducting surface, with the consequent 
questionable procedure of washing and drying under such circumstances. 
Again, one is not limited to the deposition of very small amounts of 
metal, which amounts cannot be exceeded in using platinum dishes, owing 
to the tendency of the mercury to collect in drops at the bottom of the 
dish; nor does the question of current density arise to change the nature 
of the deposit. 

To discover whether or not hydrogen was retained by the mercury, 
a dilute solution of hydrochloric acid in one case and of sulphuric acid 
in another was electrolyzed and the effect on the weight of the cathode 
was determined. In one of the experiments only was there an increase 
in weight, so that the change in this exceptional case was considered 
accidental. Had this effect been caused by hydrogen, the atomic weight 
of mercury would have been changed only one unit in the second decimal 
place. 

For the electrode, five to ten grams of mercury, prepared by the re- 
duction of pure mercuric chloride, was placed in the electrolyzing tube 
in contact with the platinum wire. The mercury was first washed with 
water, treated with acetone and dried with air, as will be described later. 
At the conclusion of some of the experiments, a portion of the deposited 
metal was retained to serve as a cathode, thereby effecting a saving in 
the preparation of pure mercury. The globule constituting the cathode 
always possessed a clean, lustrous surface. 

The Anode . — As concentrated solutions of mercuric chloride were to 
be electrolyzed with the consequent production of strong chlorine solu- 
tions, considerable time was spent in search for suitable anode material, 
for it was expected that platinum would be strongly attacked. Carbon 
in several of its forms was tried but it was not to be relied upon, either 
because of its absorptive properties or because of the tendency of por- 
tions to become detached. Again, such electrodes are difficult to treat 
1 Am. Chem. 13, 571. 
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in such a manner that constant weight is maintained and thus one has 
no check on this important point. In describing a method of overcoming 
the solvent effect of chlorine on a rotating platinum anode, Smith 1 recom- 
mends the use of a layer of toluene or xylene on the solution just above 
the anode. This was tested, although in this work the anode was sta- 
tionary, with the result, as afterward found, that more of the platinum 
was dissolved by this treatment than without the absorptive layer. It 
was therefore decided to use the platinum, as is ordinarily done, find 
its loss of weight, determine the amount in the solution after the elec- 
trolysis and thus calculate by difference the amount deposited with the 
mercury. Contrary to expectations, the loss of platinum by solution 
was exceedingly small and practically all of the dissolved portion was 
deposited with the mercury, none being found in solution at the conclusion 
of an experiment. The anode at the beginning of the experiments de- 
scribed later weighed 1.54805 grains and at their conclusion 1.54880; 
or, during the course of ele\en experiments in which over 125 grams of 
mercuric chloride had been electrolyzed, the anode lost 0.00015 gram. 

The platinum wire, weighing 1.5 grams and having a length of 35 cm., 
was wound at one end into a spiral, the latter being maintained at ap- 
proximately 2 cm. from the cathode. The other end of the wire was 
connected with the battery terminal by means of a clip. 

The Elect) olyrmg ___________ 

Tube . — The figure il- 
lust rates the essential 
features of this vessel, which was con- 
structed of glass tubing of about 30 inm. 
diameter. The tube, 160 mm. in length, 
was closed at one end and a bulb was 
blown into its side near the bottom. 

The tube could thus be inverted in such 
a manner that the mercury remained in 
the bulb and by careful manipulation 
practically all of the supernatant liquid 
could be removed. When filled to the 
top of the bulb, the tube had a capacity 
of approximately 50 cc. Through the 
bottom was sealed a piece of platinum 
wire which projected on the inside just 
far enough to make contact with the 
mercury cathode. As the vessel was to 
remain unaltered in weight during its sub- 
sequent treatment, save for the mercury 
1 Electroanalysis. 
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deposited, all portions of the surface were carefully smoothed in the 
flame. To this same end, the platinum wire was connected with the 
battery terminal by means of a clip which precluded any abrasion of the 
surface of the platinum. For convenience during the processes of elec- 
trolysis and weighing, a platinum wire was wound about the neck of 
the tube to serve as a loop for suspension. During the former process, 
the tube hung on a glass rod ; in weighing, the hooks on the balance arms 
were utilized as supports. It has already been stated that a counter- 
poise, similar in every respect to the electrolyzing tube, was used through- 
out the work. Consecutive weighings proved the adequacy of this pro- 
cedure. 

The Procedure . — A known amount of mercuric chloride 1 was placed 
on the cathode in the electrolyzing tube with sufficient water to make a 
total volume of 25 or 30 cc., the sides of the tube having been carefully 
washed down. A few drops of a dilute solution of redistilled hydrochloric 
acid were added to make the solution approximately one-fortieth normal. 
This was necessary to increase the conductivity of the solution at the out- 
set and this particular compound was chosen in order not to introduce 
ions other than those which would be present later. The water added 
was not sufficient to entirely dissolve the salt so that the latter was dis- 
solved, except in so far as its solubility was affected by the presence of 
substances formed during the course of the process, only as the solution 
became depleted by the electrolysis. With the strength of current used, 
the action had ordinarily proceeded for 8 or 10 hours before the disap- 
pearance of the solid phase. At the end of a similar period, the action 
was complete, as shown by the preliminary work, but traces of mercury 
compounds were probably adhering to the sides of the tube and to the 
funnel placed in the mouth of the tube to prevent loss in the form of 
spray. An addition of approximately 20 cc. of water was made in wash- 
ing the funnel and walls of the tube and the current was allowed to pass 
several hours longer, after which no trace of mercury could be detected 
in the solution. Sometimes the whole process consumed 48 hours, vary- 
ing altogether with the amount of salt to be electrolyzed and whether 
or not it was convenient to perform the subsequent operations. Copious 
fumes of chlorine escaped during the action and as is usual in the elec- 
trolysis of mercuric chloride, insoluble particles said to be the mercurous 
compound gradually accumulated at the anode only to fall off and finally 
disappear. To prevent any of these particles from becoming perma- 
nently lodged between the glass surface and the cathode, the globule was 
agitated by a gentle whirling motion of the tube. This was not attempted, 
however, until the electrolysis was practically complete for fear of en- 
tangling solution and from that time on the process was repeated at in- 
1 The non-hygroscopic character of the salt was proven in the previous work. 



THE ATOMIC WEIGHT O E MERCURY. 


JI25 


tervals to insure completeness. At no time was the agitation violent 
enough to sever the connection between the mercury and platinum 
Sometimes the mercury exhibited a tendency to assume a form per- 
haps * ‘deadened’ ’ and the separate particles had no tendency to unite 
with the main globule. Gentle tapping, however, generally sufficed 
to cause the formation of one globule. 1 It is not unlikely that the dis- 
engagement of hydrogen from the cathode was the cause of the separation 
of these small particles. 

To free the tube of conducting material at the end of the electrolysis, 
a funnel, with its stem almost reaching to the surface of the mercury, 
was placed in the tube and without breaking the electric connections at 
least 500 cc. of pure water were poured into the tube, the overflow being 
caught in a large porcelain dish where any particles of escaping mercury 
could be detected. During the washing process, the tube was rotated 
as previously described so that no chlorine would be retained between 
the cathode and glass and thus remain in contact with the mercury 
after the breaking of the circuit. After removing the funnel, the water 
in the tube was decanted, the mercury with perhaps a drop or so of water 
remaining in the tube, owing to the bulb arrangement. Five washings 
were made with redistilled acetone, each being decanted in turn. The 
tube was next immersed to its neck in a bath of acetone to free the outer 
surface of water and was finally hung on a glass rod to dry. The counter- 
poise was subjected to exactly the same treatment. The two tubes 
hung side by side and were gently agitated from time to time to prevent 
the possibility of the retention of any acetone between the globule and 
glass. Meanwhile, a current of air of the same intensity was passed over 
each globule so that in a short time the vapor of acetone was effectually 
removed and the tubes were full of air ready for their transfer to the bal- 


No. of 

Sample 

The Results. 

Preliminary Experiments 

Weight of HgClj Weight of Hg 

Atomic weight 3 

earpt 

of HgClj. 

iu vacuum 

in vacuum 

of mercury. 

I. . . . 

. . . . O 

IO 05743 

7-43123 

200.68 

2 . 

. . . . O 

8.41289 

6.21687 

200 71 

3 * 

.... O 

IO.99056 

8.H897 

200.52 

4 

O 

IO.282 82 

7 59681 

2OO.58 

5 

O 

I9.57120 

14.46032 

200.65 


Mean, 200.63 

1 In the preliminary experiments where less pure mercuric chloride was being 
dealt with, more difficulty was encountered. 

8 Calculated on the assumption that chlorine has the value, 35.46, This Journal, 
4 - 

• In expt. 3, a portion of the mercury became detached and during the washing 
was poured into the catch dish. It is possible that the low value obtained in this 
case may be explained by the incomplete recovery of the separated particles. 
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ance arms. As soon as constant temperature was attained, the weigh- 
ing was made by the method described before. Repetition of the dry- 
ing process insured its completeness. 

The current was supplied by three storage cells and was reduced by 
means of a suitable resistance to one- or two-tenths of an ampere. The 
action proceeded quietly, no spray being noticeable and no rise of tem- 
perature above 30 ° took place. 


Final Experiments. 

Weight Percent Atomic 

No. of Sample of ofHgCl* Weight of Hg Hg m weight 5 of 

expt. HgCl 3 . in vacuum. in vacuum HgCl?. mercury. 

1 2 8.14695 6.01909 73.882 200.61 

2 I II.03881 8.15592 73 884 20064 

3 I 13 48192 9.96129 73-886 200.66 

4 3 11.08026 8.18610 73 880 200.60 

5 3 n.31231 8.35819 73-886 200.66 

6 3 21.44026 15.84060 73.882 200.62 

73 . 883 200 63 


It now remains to consider the results in this and in the previous paper : 


Series Atomic weight. 

1. The ratio HgCl 2 : Hg (from the previous paper) 200.48 

2. “ “ HgCl 2 : 2AgCl (from the previous paper) 200 62 

3. “ “ HgCl 2 : Hg (prelim, expts , this paper). . 200.63 

4. “ “ HgCl 2 : Hg (final “ “ “ ) 200.63 


Giving each series equal weight, the mean value of the atomic weight 
of*mercury becomes 200.59. It is reasonable, however, in seeking an 
optimum result to reject any series known to be faulty either on account 
of the nature of the material dealt with or in method. For the last rea- 
son, Series 1 is dropped and for the first, Series 3 is thrown out. Con- 
siderable weight is attached to the mean value, 200.63, of the two re- 
maining series for (1) the mercuric chloride analyzed was the same in 
each,*and, from the manner of preparation, it must have been practi- 
cally free from foreign material and (2) the complete analysis, by methods 
which seem above question and which are radically different, shows 
that the sum of the mercury and chlorine contents gives essentially the 
real value. Thus, 

Per cent. Mercury: 

From the fact that 56.52119 g. of mercury resulted from 76.50051 

g, of mercuric chloride (Series 4) 73*883 

Per cent. Chlorine: 

On the basis that 86.21813 g. of silver were obtained from 81.66510 

g. of mercuric chloride (Series 2) 26.118 

The sum xoo.ooi 

The University of Maine. 

1 In the calculations, the atomic weight of chlorine has been taken as 35.46, This 
Journal, 32, 4. 
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THE ATOMIC WEIGHT OF TANTALUM . 1 

By Clarbncb W. Balks. 

Received July 1, 1910. 

Introduction. 

Of the previous determinations of the atomic weight of this element, 
those by Berzelius, 2 Rose, 3 Hermann 4 and Blomstrand 6 need not be con- 
sidered, as their material was too impure to give results of value. The 
determinations of Marignac,® which appeared in 1866, were far more satisfac- 
tory. He analyzed potassium fluotantalate, K 2 TaF 7 , and the corre- 
sponding ammonium salt, (NH 4 ) 2 TaT 7 . In the case of the potassium 
salt he obtained the following percentages: 

Ta 2 O v 56.50, 56.75, 56.55, 56.56; K 2 S 0 4 , 44.37, 44.35, 44.22, 44.24. 

The ammonium salt gave the following percentages of tantalum oxide: 
63.08. 63.24, 63.27, 63.42. These numbers were corrected for a small 
amount of potassium sulphate which was present in the oxide, due to 
the fact that he was unable to prepare the ammonium fluotantalate free 
from traces of the potassium salt. 

If in the calculations the atomic weights of the elements involved are 
taken as given in the 1910 International Table the following values for 
the atomic weight of tantalum are obtained: 


From the ratio, K 2 TaF 7 : Ta* 0 6 182.4 to 184.6 

From the ratio, K 2 TaF 7 : KjS 0 4 181.6 to 182.9 

From the ratio, K a S 0 4 : Ta,O a 181 .9 to 183.0 

From the ratio, (NH<) s TaF r : Ta 2 0 5 180.5 to 183.8 


It will be observed that there is a variation of several whole units 
between the individual determinations, yet for about forty years the 
accepted value of this constant was based on these results. 

In 1906 Hinrichsen and Sahlbom 7 published a series of determina- 
tions in which metallic tantalum was burned to the oxide. The method 
has great simplicity, but it appears very doubtful to the writer if this 
metal can be prepared sufficiently pure for the purposes of atomic weight 
work. Their results follow on page 1128. 

Here again there is a variation of over one unit between the individual 
determinations. Clarke, 8 after reviewing these various determinations 

1 Presented at the San Francisco meeting of the American Chemical Society. 

1 Pogg. Ann., 4, 14 (1825). 

• Ibid., 99, 80 (1856). 

4 J. prakt. Ckem., 70, 193 (1857). 

a Acta Univ. Lund , 1864. 

• Arch, sci . phys. nat., (2) 26, 89 (1866); also J . prakt Chem ., 99, 23. 

7 Ber. t 39, 2600 (1906). 

• A Recalculation of the Atomic Weights, Smithsonian Miscellaneous Collections , 
Vol. 54, No. 3 (1910). 
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of the value of this constant, remarks that its uncertainty probably 
amounts to as much as a unit. 


Wt. of Ta. 

Wt. ofTa s 0 5 . 

Per cent. O. 

At. wt. Ta, 

0.37200 

0-45437 

22 . 12' 

180.65 

O.41278 

0.50364 

22 .01 

181.77 

<>•33558 

O.40975 

22 . IO 

180.98 

0.35883 

0.43807 

22 .08 

181 . 14 

0.47554 

0.58087 

22.15 

180.59 


Mean, 181.03 

While carrying out an investigation on columbium 1 it was found possi- 
ble to make a satisfactory determination of the atomic weight of that 
element through the conversion of its pentachloride into the correspond- 
ing oxide. Consequently the writer decided to carry out a similar in- 
vestigation with tantalum chloride, and, in general, the methods used 
were very similar to those employed in the former work. 

Preparation of Materials. / 

In the preparation of all materials used during the investigation great 
care was exercised in the cleaning of all containing vessels and especial 
care was taken to exclude dust. Whenever possible the apparatus 
used was made continuous by fusing the various parts together, and 
this was always the case where chlorine was being used. In the case 
of chemicals not especially purified, those of the highest purity obtain- 
able were employed. 

Chlorine . — The chlorine used, including that used in the preparation 
of the sulphur monochloride, was made by allowing hydrochloric acid 
to drip upon potassium permanganate contained in a large flask. The 
acid used was prepared by distilling the constant boiling mixture from 
large Jena retorts. During the first part of the distillation small quan- 
tities of potassium permanganate were added from time to time and the 
first portions of the distillate were rejected. The chlorine was passed 
through a wash bottle containing water, two containing sulphuric acid 
and finally through a tower one meter long containing glass pearls and 
so arranged that the latter could be moistened from time to time with 
concentrated sulphuric acid. 

Sulphur Monochloride . — This compound was prepared by passing a 
stream of chlorine over molten sulphur which had been crystallized 
previously from carbon disulphide. The apparatus was so constructed 
that the liquid could be redistilled from the receiver without transferring 
the material. The first portions of the distillate were rejected and the 
fitujd product was collected directly in sealing flasks through which a 
stream of dry, filtered air had been allowed to flow. 

Nitric Acid . — The nitric acid used in the determinations was distilled 
1 Balke and Smith, This Journal, 30, 1637 (1908). 
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twice from a platinum retort, the middle third of the distillate being 
retained in each case. The acid was preserved in quartz flasks. 

Water . — The water used, including that employed in the final ‘recrys- 
tallizations of the potassium fluotantalate, was prepared by redistilling 
the ordinary distilled water of the laboratory, after the addition of alka- 
line permanganate, from a still ordinarily used in the preparation of 
conductivity water. 

Tantalum Chloride . — This compound was prepared by the ignition of 
tantalum oxide in a current of chlorine and the vapors of sulphur mono- 
chloride. The oxide used for preparations I and II was prepared from 
some of the potassium fluotantalate which had been obtained by Hall 
and Smith 1 from the columbite of South Dakota, and which was very 
kindly furnished me by Professor Edgar F. Smith. 2 This salt was re- 
crystallized four times from water containing appreciable amounts of 
redistilled hydrofluoric acid, and only the first crops of crystals were 
used in the next crystallization. These operations were carried out 
in platinum and hard rubber dishes and hard rubber funnels were used 
in the filtration of the solutions. The final crop of crystals was heated 
in platinum dishes with concentrated sulphuric acid, which had been 
distilled from platinum, until most of the add had been expelled. The 
residue was washed by decantation with large amounts of pure water. 
After this wrashing was complete, the mass was strongly ignited in platinum 
or quartz crucibles. Tantalum oxide prepared in this w^ay has been 
shown to be pure. 3 

The oxide used for the third preparation of the chloride was obtained 
from the columbite of South Dakota as follows: The finely ground 
mineral was fused with potassium hydroxide in large iron crucibles; 
the mass was dissolved in water and the solution, after filtration, was 
treated with sulphuric acid, which precipitated the metallic acids. These 
were washed with water by decantation and then dissolved in an excess 
of hydrofluoric acid. The addition of potassium hydroxide to this solu- 
tion gave a precipitate of potassium fluotantalate. 4 The final purifica- 
tions were carried out as previously outlined. 

The apparatus used for the preparation of the chloride is shown in 
Fig. I. The tantalum oxide (50-100 grams) was introduced into the 
hard Jena glass tube H, the ends of which were connected with the bulbs 
E and I by means of carefully ground joints which were lubricated with 
a trace of graphite. These joints were wrapped with several thicknesses 

1 This Journal, 27, 1*369 (1905). 

* The author wishes to take this opportunity to express his appreciation for this 
and many other kindnesses shown him by Professor Smith. 

* Balke, This Journal, 27, 1140. 

4 My thanks are due to one of my students, Mr. Eloyd Almy, who carried out 
this preliminary work. 
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of asbestos paper and the bulb of a thermometer was inserted in the 
latter at G and the temperature regulated so as to prevent a deposi- 
tion of the chloride at this point. A stream of chlorine was passed through 



the apparatus by means of the 
tube B for 3-4 hours, the en- 
tire apparatus being heated 
with a free flame in order to 
remove any traces of moisture 
which might be present. At 
this time the tube H contain- 
ing the oxide was heated to a 
low red heat for the same pur- 
pose. Sulphur monoctiloride 
was then run into the bulb E 
through C and heated to boil- 
ing. The oxide was slojwly 
converted directly into the 
chloride which together with 
the excess of sulphur mono- 
chloride collected in bulb I. 
When all of the oxide had 
been converted into chloride, 
leaving practically no residue 
in the tube H, the sulphur 
monochloride was driven on 
through the entire apparatus 
and collected in O, The tan- 
talum chloride was then dis- 
tilled over into the bulb J and 
the apparatus sealed off at L. 
The two-way stopcock was 
then turned so as to deliver 
chlorine through D. The tan- 
talum chloride was heated to 
boiling and the entire appara- 
tus heated, so that the 
residue of sulphur monochlo- 
ride and some of the tanta- 
lum chloride was driven over 
into O. The entire amount of 


chloride was then distilled over into K and finally into the small bulbs 


N. The chloride in all the bulbs was then brought to the boiling point 


and a small amount distilled over into the receiver O to insure the re- 
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moval of the last traces of sulphur monochloride. When cold the ap- 
paratus was sealed off at P and M and finally the individual bulbs were 
sealed off. These contained from 5-20 grams of chloride. 

The tantalum chloride so prepared was absolutely white in color, 
having none of the pale yellow tint which this compound is usually said 
to possess. When fused the chloride had a pale straw-yellow color. 
Five grams of this chloride were thrown into a flask containing bromine 
water, and the contents heated for several hours. The tantalum 
hydroxide was filtered out and the filtrate was evaporated to a very small 
bulk. This remained perfectly clear after the addition of a solution of 
barium chloride, which was taken to indicate that no sulphur remained 
in the preparation. 

Density of Tantalum Chloride . — The density of this chloride was de- 
termined in carbon tetrachloride and the number 3.62 obtained. Tanta- 
lum chloride is somewhat soluble in carbon tetrachloride, and conse- 
quently a more satisfactory determination was obtained when heptane 
was used. This liquid did not react with the chloride nor did axxyi of 
the latter dissolve. The following results were obtained: 


Wt. of Pycnometer 10 2313 

Wt. of Pycnometer 4- TaCl ft 23.6545 

Wt. of Pycnometer 4 - H a O 35*2073 

Wt. of Pycnometer 4- heptane 28 4050 

Wt of Pycnometer 4 heptane 4 - TaCl 6 39.1710 

t «■ 27 0 Density of TaCl 5 3.68 


Density of Tantalum Oxide . — As was found in the case of eolumbium 
oxide, the density of the tantalum oxide obtained fioin the present de- 
terminations varied quite appreciably, the numbers 8.62, 7.91, and 8.06 
having been obtained. The density of this substance is not far from 
that of the weights used which were taken as having a density of 8.4 
and it was found unnecessary to make a vacuum correction in the case 
of this substance. 

Analyses of Tantalum Chloride. 

The ratio studied was that of tantalum chloride to tantalum oxide, 
the transformation being made in quartz bulbs provided with tightly 
ground stoppers of quartz or glass. One of Ruprecht’s best balances 
was used in the work and the weights were carefully standardized. All 
weighings were made by substitution, using a tare of the same material 
and very nearly the same weight as the object being weighed. The 
excess weight of the quartz bulb and its stopper over the tare was de- 
termined. By carefully tapping one of the small bulbs containing the 
tantalum chloride the latter was broken up into small pie.es and by 
means of a file and a hot rod a crack was drawn about two-thirds of the 
way around the neck of the bulb. This bulb, together with the weighed 
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quartz bulb, into the neck of which had been slipped a wide-neck funnel 
tube, were introduced into a gas-tight box supplied with a removable 
plate-glass top. Two holes had been cut in the sides of the box and rub- 
ber gloves were attached on the inside. This box contained a large amount 
of calcium chloride, and a stream of air, which had been passed through 
large amounts of sulphuric acid and then filtered through glass wool, 
was passed through the apparatus for several hours. By slipping the 
hands into the gloves it was possible to remove the top of the bulb con- 
taining the chloride and introduce the latter into the quartz bulb with- 
out soiling the neck of the bulb. In this way it was possible to effect 
the only transfer of material involved in the determinations in an atmos- 
phere of dry air. After replacing the stopper in the quartz bulb the 
latter was removed from the box and the excess of weight over the tare 
again determined. The bulb was next placed in a vacuum desiccator 
containing water and the air pumped out. In one or two days the chloride 
had completely hydrolyzed and the greater part of the hydrochloric 
ac produced had dissolved in the water outside of the bulb. A small 
amount of water and a few cc. of concentrated nitric acid were introduced 
into the bulb and the mass evaporated to dryness with the aid *>f the 
apparatus shown in Fig. II. The hood B was fastened to the neck of 



the bulb by means of the split rubber stopper E, which was prevented 
from actual contact with the neck of the bulb by means of a strip of 
filter paper. F was a double-walled steam bath. D contained cotton 
to filter the air which was drawn slowly through the apparatus by means 
of a water pump attached at C. The mass was evaporated to dryness 
three times, a little water and a small amount of nitric acid being added 
each time. This insured the removal of the hydrochloric add before 
the final ignition, which was made with a good blast lamp arranged so 
that both the air and gas were filtered through cotton in order to mini- 
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mize the amount of dust which might be blown against and adhere to 
the sides of the bulb. These ignitions were continued until no further 
loss of weight was observed. In making the calculations the atomic 
weight of chlorine was assumed to be 35.46. The temperature of the 
balance and the barometric reading were recorded in the case of the in- 
dividual weights and these numbers were used in applying the vacuum 
corrections. In the calculation the density of tantalum chloride was 
taken as 3.68 and that of the weights as 8.4. As mentioned previously, 
no vacuum correction was applied in the case of the tantalum oxide, 
since this correction, which was smaller than the error in weighing, af- 
fected the fifth decimal only. The following table includes the results 
of all determinations made which were carried to completion without 


accident. 

Series 

Bulb. 

Wt ofTaCli 
(vac.). 

Wt. of Taj0 6 
(vac ). 

1 00 parts of 
TaCl a - parts 
of Ta*0& 

At wt. 
of Ta 

II 

3 

12.99680 

8.02326 

61 733 

l8l .49 

II 

5 

9 -24957 

5*71104 

61 744 

l8l .60 

II 

4 

IO.17456 

6.28133 

61.736 

181.5* 

11 

1 

17*99542 

II . IIOI4 

61-739 

181.55 

II 

2 

II.70558 

7.22693 

61-739 

* 81.55 

III 

4 

6 24767 

3* 8 5658 

6l .728 

181 .46 

III 

3 

7*26375 

4.48398 

61.731 

181 .48 

I 

2 

15.88270 

9 • 86465 

61 732 

O 

"4* 

00 


Summary. 


Mean, 181 .52 


In eight experiments pi. 5 1605 grams of tantalum chloride gave 56.49791 
grams of tantalum oxide, corresponding in round numbers to 181.5 as 
the atomic weight of tantalum, a number one-half a unit higher than 
that now given in the international table. In conclusion, it may be as 
well to state that further work upon the value of this constant is inprogress. 

I'RBANA, III. 


[Contributions prom the Research Laboratory op Physical Chemistry op the 
Massachusetts Institute op Technology. No. 57.] 
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Summary. 

INTRODUCTION. — OUTLINE OF THE INVESTIGATION AND REVIEW OF PRE- 
VIOUS WORK. 

It is commonly assumed that sulphuric acid in aqueous solution* ion- 
izes in two stages according to the reactions 

H 2 S0 4 - H+ + HS0 4 - and HS0 4 ~ - H + + £0 4 , % 
but no investigation, except that of Noyes and Eastman, 1 which was be- 
gun after this one, has furnished valuable evidence as to the proportion 
of the intermediate hydrosulphate ion (HSQ 4 “) present, or indeed as to its 
existence in the solution. This research was therefore undertaken with 
the hope of furnishing more definite knowledge in regard to the ioniza- 
tion relations of this important acid. 

The separate determination of the ionization constants for the two hydro- 
gens is attended with much greater difficulty in the case of this acid 
than in the case of almost any of the organic dibasic acids or of such in- 
organic acids as sulphurous or phosphoric acid. This is true for the 
reasons, first, that the first hydrogen, and probably also the second hy- 
drogen, of sulphuric acid is so largely ionized that the mass-action law 
cannot be employed in the study of its equilibrium relations; and second, 
that the difference between the degrees of ionization of the two hydro- 
gens of sulphuric acid is much smaller than in the case of the other acids 
referred to, thus causing both stages of its ionization to be superposed, 
and preventing, among other things, a direct determination of the con- 
ductance of the intermediate hydrosulphate ion, a knowledge of which 
is of great importance in interpreting the conductance and transference 
data. In consequence of these difficulties many of the commonly applied 
methods fail to give, in this case, reliable results. 

Thus it might be thought that the transference experiments which 
have previously been made by several investigators would throw much 
1 Carnegie Institution Publications , 63, 239-81 (1907). 



THE IONIZATION RELATIONS OF SULPHURIC ACID. 


**35 


light upon the question of the intermediate ion; but the following sim- 
ple calculation shows that the transference number would not be greatly 
different whether the acid be completely ionized in the one way or the 
other, provided a certain probable value be assumed for the conductance 
of the hydrosulphate ion. The number of chemical equivalents of sul- 
phate ion transferred for each faraday of electricity passed would evi- 
dently be given in the two cases by the expressions: 


^S °4 ^ 2 A HS0 4 

^ ^HS0 4 


respectively, where the A[s represent the equivalent conductances of 
the ions indicated by the subscripts. At i8° the value of the first ex- 
pression is 68/(68 -f 315) = 0.178; and, assuming that hydrosulphate 
ion has the same conductance as acetate ion, 1 the value of the second 
expression would be 7^>/(3 I 5 ■+■ 35) — 0.200, provided in both cases it 
be assumed that A u has the value (315) which it has at zero concentra- 
tion. The matter is, however, complicated by the uncertainty as to the 
value of A h that should be used in calculating the transference number 
at higher concentrations. Thus, if we put A H — 330 in accordance with 
the transference results of Noyes and Sammet and of Noyes and Kato 2 
with 0.006-0.018 normal acids, the transference number for complete 
Ionization into hydrogen ion and sulphate ion becomes o . 1 7 1 , and for 
that into hydrogen ion and hydrosulphate ion becomes o. 192. Experi- 
mentally the transference number for sulphuric acid at 18 0 in 0.01 to 
0.05 formal 5 solution has been found by Tower and by Jahn and Hug- 
brechts to be o. 176, within a limit of error that can hardly exceed 0.002. 
These considerations indicate that a not very large proportion of hydro- 
sulphate ion is present; but they also show that, on account of the errors 
involved in the measurement and interpretation of the transference 
number, it does not furnish a satisfactory means of calculating the con- 
centration of that ion. It will be shown below, however, that the trans- 
ference data do furnish valuable evidence as to the equivalent conduc- 
tance of the hydrosulphate ion, and that, assuming that ion is really 
present in considerable proportion, they confirm the approximate validity 
of Noyes and Eastman's assumption in regard to it. 

The existing freezing-point determinations, made by a great number 
of different investigators, 4 show that hydrosulphate ion is at o° largely 

1 This assumption was made in all their .computations by Noyes and Eastman, 
but without other basis than the apparently similar molecular complexity of the two 
ions. 

* See Carnegie Institution Publications, 63, 326 (1907). 

* In accordance with the practice now followed in this laboratory, the term “formal" 
is here used to express a solution containing one formula weight (in this case of H,S 0 4 ) 
per liter of solution. 

4 For references see the following section. 
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dissociated. Thus, in 0.05 formal solution, the value of the mol num- 
ber i (representing the mols from one formula weight) has been found 
to be about 2.22, while in o 01 formal solution values between 2.42 
and 2.56 have been obtained. Complete ionization into H+ and HS 0 4 ~ 
would, of course, require the value 2.00, and into 2H + and SO^ the 
value 3.00. Moreover, it will be shown below that the quantity ( i — 1) 
is equal to the number of equivalents of hydrogen ion resulting from one 
formula weight of sulphuric acid (that is, i — 1 = C^/C, where C is the 
formal concentration of the sulphuric acid), and that therefore freezing- 
point values furnish a quantitative measure of the concentration of this 
constituent. 

The experiments on the relative catalytic influences of sulphuric acid 
and of hydrochloric acid upon the rate of hydrolysis of cane sugar and 
of ethyl acetate also furnish a means of determining the proportion of 
hydrogen ion in sulphuric acid solutions. The results will be considered 
more fully below. It may be mentioned here, however, that thoife of 
Ostwald on the sugar inversion indicate that at 25 0 in 0.05 formal solu- 
tion 1 20 equivalents of hydrogen ion result from one formula weight 
of sulphuric acid; and that those of Kay on the ethyl acetate catalysis 
indicate that at 35 0 at the same concentration 1 . 16 equivalents result. 

Noyes and Eastman, 1 upon the basis of certain probable assumptions, 
have derived from their conductance measurements with sulphuric 
acid and potassium hydrogen sulphate through a wide range of tempera- 
ture definite estimates of the concentrations of sulphate ion and of hy- 
drosulphate ion in solutions of both of these substances. Thus they 
estimate that in a o 05 formal solution of sulphuric acid at 18 0 there are 
6 per cent. H 2 S 0 4 , 61 per cent, of HSO/, and 33 per cent, of SO/". This 
corresponds to 127 per cent, of hydrogen ion, which is in rough agreement 
with the results of the hydrolysis experiments just referred to. In view 
of the assumptions involved in their estimates, independent determina- 
tions of the concentrations of these constituents seem very desirable. 

From the existing thermochemical data on the heat of neutraliza- 
tion of sulphuric acid, Noyes and Eastman have also calculated the heat 
of ionization of the hydrosulphate ion, and have found that it corresponds 
roughly with the heat value derived from the change of dissociation of 
that ion with the temperature. 

The purpose of this article is to discuss critically the existing data re- 
lating to sulphuric acid and the conclusions to be drawn from them, 
and to present the results of some new work, which includes measure- 
ments of the conductance of sulphuric acid and sodium hydrogen sul- 
phate, transference experiments with solutions of this salt, experiments 
upon the relative effect of sulphuric and hydrochloric acids upon the 
1 Carnegie Institution Publications t 63, 274-6 (1907), 
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ionization of picric acid, and determinations of the distribution of sul- 
phuric acid between water and amyl alcohol. 

PART I.— SOLUTIONS OF SULPHURIC ACID. 

i. The Hydrogen-Ion Concentration Derived from Freezing-Point 

Measurements. 

The equivalents of hydrogen ion resulting from one formula weight 
of the acid can be calculated from the value of the mol number 1 , as de- 
termined from the freezing-point lowering, by merely subtracting unity 
from it; that is, C H /C — i — 1 . For evidently: 

i C C H 4- C HaSC)4 4* C HS q 4 4- C S04 , and C — C Ii2S04 .4 Chso, 4 ^so*> 
where C represents the formal concentration of the acid and the C' s with 
subscripts the formal concentration of the constituents represented by 
those subscripts. 

The freezing points of dilute sulphuric acid solutions have been deter- 
mined by Pickering, 1 Loomis, 2 Jones, 8 Wildermann, 4 Ponsot, 6 Barnes," 
Hausrath 7 and Bedford/ In order to determine the best values at a 
series of round concentrations and to form an estimate of their probable 
accuracy, the results of all these investigators (except the early ones of 
Pickering) have been correlated and combined by a method described by 
Noyes and Falk/ Only the value's of / 1 or C H /C corresponding to 
the final values of t derived by them need therefore be reproduced here. 
It seems scarcely possible that any of these values at the concentrations 
o 02 to o 1 formal inclusive arc in error by as much as 2 per cent., but 
tfiose at 0.01 and 0.005 may well be in error by two or three times this 
amount. 

Table I.— Values of the Hydrogen-Ion Concentration (Cu/C) at o° Derived 
from Freezing-Point Measurements. 

Formal concentration . . o 005 o 010 o 020 0.025 o 050 o icx) 

Cn/C 1.59 i .47 1-35 1-32 122 1 T3 

2. The Hydrogen-Ion Concentration Derived from Conductance and 
Transference Measurements. 

Noyes and Eastman, as stated in the introduction to this article, de- 
rived from their conductance measurements alone, with the aid of certain 

1 J. Chem. Soc ,, 57, 363 (1890). See also Z. phystk. Chem., 7, 397 (1891). 

* Physic. Rev., i, 281 (1893). 

3 Z. physik. Chem., 12, 629 (1893). 

4 Ibid., 15, 350 (1894); 19, 241 (1896). 

* Ann. chim. phys., [7] 10, 109 (1897). 

* Trans. Royal Soc . Canada, [2] 6, III, 48 (1900). See also Trans . N. S. Inst, 
of Science , 10, 222 (1900). 

1 Drude's Ann., 9, 547 (1902). 

3 Proc. Roy. Soc., London A 83, 454 (1910). 

3 This Journal, 32, 1027 (1910). * 
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assumptions, an estimate of the hydrogen-ion concentration in sulphuric 
acid solutions at various concentrations and temperatures. Making 
the assumption that the HS 0 4 ~ ion has the same equivalent conductance 
as the acetate ion, they first showed that the hydrogen-ion concentra- 
tion must lie between certain comparatively narrow limits. Then mak- 
ing the further assumption, based on the conductivity results at high 
temperatures, that sulphuric acid has with respect to its first hydrogen 
the. same ionization tendency as hydrochloric acid, definite values of the 
concentrations of all the constituents in the solution were derived. 

It may readily be shown that the first and most arbitrary of these two 
assumptions can be dispensed with by combining with the conductance 
values the results of transference experiments. Thus for the specific 
conductance L we have 


i ooo L — C h A h + 2C. 


so 4 ^so 4 


^ hso»A H so 4 » 


0) 


where the C’s represent the formal concentrations and the A’s the equiv- 
alent conductances of the various ions. And for the number of* equiva- 
lents (N so< ) of S 0 4 transferred per faraday of electricity, we have 

2C S oJ SOi 2 Chso 4 ^hso 4 


N, 


so 4 


i ooo L 


i ooo L 


( 2 ) 


This follows from the principle that the quantity in equivalents of each 
ion transferred per faraday is equal to the ratio of its conductance to 
the whole conductance and from the fact that one electrical equivalent 
of HS 0 4 ion yields two chemical or analytical equivalents of S 0 4 . 
Writing this equation in the form 

£ X i ooo L N S04 = C S04 4 04 + Chso 4 ^hso 4 > (3) 

subtracting it from equation (1), dividing both members by C, the formal 
concentration of the sulphuric acid, and putting 1000L/2C = A, the 
equivalent conductance of the acid, we get 

, r jxt v Ch^h Cso 4 4o 4 f 

2 A (1 £N S04 ) « — -f — c — . (4) 


The last term of this expression is relatively small and can vary only 
between the limits zero and £(C H /C)4cv corresponding to the two 
limiting cases where HSCy, and where S 0 4 ~, is the only anion present. 
Within corresponding limits the value of C H /C can therefore be deter- 
mined, and evidently without involving any assumption as to the value 
^hso 4 * 

Let us now consider the transference and conductance data available 
for this calculation. 

The transference number for sulphuric acid has been determined by 
many different investigators, 1 but only the determinations by Bein, by 

1 Wiedmanu, Pogg. Ann., 99, 162 (1856); Hittorf, Ibid., 106, 401 (1859); Bern, 
Z. physik. Chm 27, 52 (1898); Starck, Ibid., 29, 394 (1899); Tower, This Journal, a6 f 
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Tower, and by Jahn and Hugbrechts, seem to have been made with pre- 
cautions sufficient to warrant the consideration of the results. The 
following table contains the final values obtained by them for the trans- 
ference number of the anion (N ftQ4 ) reduced to uniform temperatures 
by means of the temperature coefficient 0.001 1 1 , and in the case of 
Jahn and Ilugbrecht’s results interpolated for round concentrations. 

Table II. — Transference Number for the Sulphate Ion. 


At 8° At 20 0 At 32 0 . At 97 0 . 


Formal 

concen Bein 

Tower. 

Tower. 

J & H. 

Tower 

J. & H. 

Bein. 

0 . 5000 


0.188 





O.250 


O.187 





O. T25 



0 170 




0 100 


O 181 





0 050 

0 164 

0 176 

O.177 

O 192 



0 025 0 172 

0. 164 

0 179 

O.177 

O 192 

O 194 

0.304 

O.OIO 

0 168 

0. 1 8 1 

O 178 

0. 191 

O 189 


8 

C 



O 158 


0 164 

. ■ 


From these results one is justified in concluding that the transference 
number is substantially constant betweeii 0.01 and o 05 formal, and 
that within this concentration interval it has the following values: 

o°. s°. 18 0 20 0 ?5°. 32 0 . 

o 157 2 o 165 o 176 o 178 0.184 0.192 

At the higher concentrations o. 1 to o 5 formal Tower’s data are to be 
regarded as the best values, in view of the concordance of his results 
with the cathode and anode portions, and of the constancy in content 
of 'the middle portions. 

Two entirely independent series of measurements of the conductance 
of sulphuric acid at 25 0 have recently been made in this laboratory, 
by Mr. G. W. Eastman 3 and by Mr. I\ L. Hunt, 4 respectively, and a 
series at o° with the same solutions has been made by the latter. 8 The 

1062 (1904); Jahn and Hugbrechts, Z. physik. Chem., 58, 651 (1907); Whetham and 
Paine, Proc. Royal Soc., A81, 69 (1908). 

* This is the value found by Tower for the temperature-coefficient (ANso 4 /AT) 
between 8 and 32 0 for 0.01 to 0.05 formal solutions. The reduction was in no case 
for a greater interval than 3 0 . 

* This value is extrapolated, but can in consequence hardly be in error by more 
than 0,001. 

* Carnegie Institution Publications , 63, 262 (1907). 

4 In connection with a research which is soon to be published in detail. 

* Measurements with dilute sulphuric acid have been previously published at 18 0 
by Kohlrausch (L.-B.-M. Tabellen, p. 746); at o and,i8° by Barnes (Proc. Royal Soc. 
Canada , [2] 6, III, 46 (1900)); at o, 15, 25 and 35 0 by Jones and Douglas (Am. Chem. 

26, 436 (1901)); see also Tower’s “Conductivity of Liquids,” p. 164); at o and 18 0 
by Whetham (Z. physik . Chem., 33, 351 (1900); 55, 205 (1906)); and at 18 0 to 306° 
by Noye9 and Eastman ( Loc . cit.). 
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results of these determinations are presented in the following table. The 
concentrations are expressed in formula weights per liter at the tem- 
perature of the measurement, and the equivalent conductance in reciprocal 
ohms: 

Table III. ~ Equivalent Conductance op Sulphuric Acid at 25 0 and o°. 


Formal 

25°. 

25° 

25 0 . 

0°. 

concen. 

N.& E. 

F. L. H. 

Mean. 

F. L. H. 

0. IOOO 


234.7 

234*7 

165.4 

0.0500 

25I 2 

251.2 

251 2 

I77.2 

0.0250 

273 O 

273 *t 

273 0 

* 9 * *5 

0 0125 


299 3 

299.2 

206.9 

0.00625 

327*5 


327 5 


0.00500 

( 337 . 0 ) 

336 8 

336.8 

226.4 

O OO I 00 

390.8 


390.8 


O.OOO25 

413 7 


4L3.7 


O.OOOIO 

418.5 


418 5 



Besides the transference and conductance data for the acid# the values 
of the equivalent conductances of hydrogen ion (A u ) and sulphate ion 
(J SC4 ) are needed for the computation of C H /C. For A H at zero concen- 
tration, Goodwin and Haskell 1 and also Kohlrausch 2 .have derived the 
value 315 at 18 0 , which corresponds to 348 at 25 0 if the temperature 
coefficient (<IA/A n dT •-* 0.0153) given by Kohlrausch be employed. 
For / 1 S04 the value given by Kohlrausch 2 at 18 0 is 68, which, using his 
temperature coefficient (o 0227), becomes 79 at 25 °. 

The values of A H and at o° at zero concentration we have found 
to be 224 and 43, respectively, by the following method of derivation. 
Noyes and Coolidge, 8 from their measurements at o° of the conductance 
of potassium chloride (which are perfectly concordant with those of 
Whetham), obtained the value 81.4 for A 0 for that salt. Multiplying 
this by the transference number 0.496 (assumed to be the same as at 18 0 ) 
we get A k = 40.3 and A C1 « 41. 1. Furthermore, A Q for HC 1 at o° 
was found to be 265.4 by multiplying A 0 for HC 1 at 18° = 379. 5 by 
the ratio of the A values for 0.01 normal HC 1 at o° and 18 0 , which ratio 
has been found to be 0.700 by Barnes 4 and 0.6994 by D6guisne. 5 Sub- 
tracting A cl = 41.1, we then obtain A H = 224. 6 Similarly, A 0 for K 2 S 0 4 
at o° was found to be 83.1 by multiplying A 0 for K 2 S 0 4 at 18 0 = 132.6 
by the ratio of the A values for 0.001 normal K 2 S 0 4 at o° and at 18°, 

1 Phys. Rev., 19, 395 (1904). 

* Z. Elektrochcm., 13, 333 (1907). 

8 Carnegie Institution Publications , 63, 47 (1907). 

4 Trans . N. S. Inst. 0} Science, 10, 150 (1900). 

* See Landolt- Bornstein-Meyerhoffer Tabellen, p. 755. 

9 Attention may here be called to the fact that Johnston's rough estimate of A# 
at o° as 240 (This Journal, 31, 1015 (1909)) is much too high. 



THE IONIZATION RELATIONS OR SULPHURIC ACID. 


II4I 


which ratio has the value 0.627 (0.628 according to Archibald 1 and 0.625 
according to Deguisne). Subtracting A K •— 40 3, we get ^ S o 4 ^ *2.8. 

It should be mentioned, however, that the transference experiments 
of Noyes and Sammet 2 and of Noyes and Kato 3 with hydrochloric and 
nitric acids have indicated that the equivalent conductance of hydrogen 
ion is about 5 per cent, greater in o 005 to 0.02 normal solutions of these 
acids than it is at zero concentration. It seems reasonable to assume 
that this may be also the case in sulphuric acid solutions; and it seems 
therefore worth while to show in the subsequent calculations the effect 
of this assumption, according to which A H would have the value 365 at 
25 0 and 235 at o°. At the same time il should be recognized that the 
employment of those particular values at higher concentrations than 
0.02 normal has at present no experimental basis. 

The values of C H /C at 25 0 and at o°, calculated from the foregoing data 
by means of equation (4) under the two limiting assumptions that C so 
is equal to zero and to l /., C lv respectively, and for the two values of 
A n just referred to, an* given in tin* following table The first values 
given in each column are those corresponding to the assumption that 
$0 4 is the only anion present: 

Table ! V Values of C'u/C at 25 0 and o° Derived from Conductance and Trans- 
ference Measurements. 

l ottuul ( h/L at 25 ° C'n/C at 25 ° ( H /C at 0 ° ( U /C at 0° 

(orui'ii {tor .in - 3 KS) (lor Jji - 365 ) (lor A l{ - 235 ) (fot A u - 224 ). 

O lOO I IO-I 22 I 05-I 16 1.19-1 2C) 1 24-1.36 

0050 1.18-1 31 1.13-1.24 I 27-1.39 1.33-1 46 

0.025 i 28-1.42 i 23-1.35 i 38-1.49 i 44-1 57 

0.0125 1.40-1.56 1.34-1.48 1.48-1.61 I. 55-1. 70 

0.00625 1.53-1 71 1.46-1.62 

000500 1.58-1.76 1.51-1.67 1.63-1 77 1.70-1.86 

3, The Equivalent Conductance of Hydrosulphate Ion Derived from 
Conductance and Transference Measurements. 

The value of the equivalent conductance of the hydrosulphate ion is 
of so much importance in the interpretation of transference and con- 
ductance results that it is worth while to consider just what conclusion 
in regard to it can be drawn from the existing data. For this purpose 
we may make use of equation (3), written in the form: 

WWO + ^HSo/^HSO* IQ. (5) 

In this equation N sc>4 , A, and d S04 are known; and between C S(V 
C H 8o 4 » anc * ( w hich last is known within comparatively narrow lim- 
its) there exists the following relation expressing the equality of the 
equivalent concentrations of the positive and negative ions: 

1 Trans. N. S . Inst . 0) Science , 10, 38 (1898). 

* This Journal, 24, 958 (1902). 

» Ibid., 30, 333 (1908). 
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C H 5=6 2 ^ 804 + (6) 

In order that j 1 HS04 might be definitely determined by these equations, 
either C S04 or C hsc>4 would have to be known; but it is found by com- 
putation that the value involved is such that it can be determined within 
narrow limits, provided only the assumption is justified that the concen- 
tration C hsc>4 forms a reasonably large part (say as much as one-fourth) 
of the total ion concentration (C HS04 + 2 C sc)4 ). Thus the values of 
^hso 4 calculated by (5) from the data given in Tables II, III and IV 
under the limiting assumption that C HSt>4 = C and under the assumption 
that C HSO — JC A , and with the values of C H /C corresponding to the 
smaller and larger values of A n are given in Table V. 

Table V.*-- Calculated Values of the Equivalent Conductance of Hydrosul 

PHATE lON at 2 5° AND O 0 
At 25°. At 0°. 


Concen- 

tration. 

For C HSO4 C* 

For C H so 4 

-i Co. 

For C‘hs04*“C\ 

For CgTso 4 - 1 

A H = 348 

An *=* 365 . 

4 h «= 348 . A a **365 

jiu-224 

A h ~* 235 

A n ~224 

^ 235 

O.IOO 

36 O 

38 4 

37-0 

44-0 

18.9 

20.2 

.13-8 

17.6 

0.050 

35-1 

37-5 

34-0 

41 .0 

18.8 

20.1 - 

14. 

17 6 

0.025 

35-3 

37-7 

34-5 

41 .0 

18.8 

20.2 

*4-5 

18 3 

O.0125 

35-3 

377 

34 5 

42 .0 

18.8 

20.5 

i5-> 

19-1 

Mean, 

35-4 

378 

35-0 

42.0 

18.8 

20.2 

14.4 

18. 1 


It is evident from these calculations that at 25 0 the value of J HSG4 is 
35 ± 1 if A h =■ 348, or 40 ± 2 if A h — 365, and that at o° the value is 
16 ± 2 if A h = 224, or 19 ± 1 if A h ~ 235, it being always assumed 
that the HS 0 4 ~ ion is present in sufficient proportion to make the cal 
culated values significant. It will be noted that the value 40 at 25 0 
or 19 at o° for J HSa| is not far from one-half of that for A SOi (79 or 43), 
which would be the case if the frictional resistance to the motions of the 
two ions were nearly equal, since the electric force acting on the latter, 
owing to its double charge, is twice as great. 

4. The Hydrogen-Ion Concentration Derived from Catalysis Experiments. 

Since the catalytic influence of acids upon reactions of hydrolysis is 
nearly proportional to their hydrogen-ion concentration and is little in- 
fluenced by other factors, the concentration of that ion in sulphuric acid 
solutions may be determined by comparing the effect of that acid on the 
reaction rate w r ith that of an acid of known ionization, such as hydro- 
chloric acid, at nearly the same ion concentration. The data that seem 
best adapted to this purpose are those of Ostwald 1 upon the sugar in- 
version and of Kay 3 on the ethyl acetate hydrolysis. Table VI contains 
the specific reaction rates as determined by these two investigators. 

'Oswald, J. prakt. Ghent., [2] 31, 313-4 (1885). 

a 1 Eay, Proc. Royal Soc. Edinburgh , 22, 493-496 (1898-9). 
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Table VI. — Relative Catalytic Effects of Sulphuric and Hydrochloric Acids. 


Acid. 

Formal 

concen 

Sugar inver- 
sion at 25 0 . 

Ethyl acetate 
hydrolysis at 35 0 . 

HC 1 

0 . * 

20.5 



0.2 

146.9 


0. 1 

3*34 

718 


0.01 

0.313 


h*so 4 


10.7 

201.5 


0.05 

00 

0 

c< 

44.I 


0.005 

0 265 

6.06 

The best method 

of computation dearly 

seems to 

be to determine 


by interpolation the concentration (C A ) of a hydrochloric acid solution 
which has the same catalytic effect as each of the measured sulphuric 
acid solutions. This we have done (for the two most dilute solutions of 
the latter acid) by calculating first for the former acid the values of the 
ratio of the specific reaction rate to the concentration, which 

values do not vary greatly with the dilution, interpolating for a concen- 
tration which is estimated to be nearly isohydric with the sulphuric acid 
solution in question, and then dividing the reaction rate for the latter 
acid by this ratio, the interpolation and division being once more repeated, 
if necessary. The concentration C A of hydrochloric acid so obtained, 
when multiplied by the corresponding ionization (f A ) as given by the 
conductance ratio (A/A 0 ), yields the hvdrogen-ion concentration C H 
in the solution of either acid, and this, when divided by the concentration 
of the sulphuric acid C B , gives the mols of hydrogen ion resulting from 
one formula weight. 

Two sets of values of the ionization y A were employed, these being ob- 
tained by dividing the values of A for hydrochloric add at 18 0 found by 
Kohlrausch, Goodwin and Haskell, and Noyes and Cooper 1 in one case 
by A 0 — 380, and in the other case by A 0 ^ 396, corresponding respec- 
tively to the values of A n at zero concentration (315), and at higher con- 
centrations (331), as found by Noyes, Sammet, and Kato. 

The data and results are given in Table VII: 

Table VII. — Values of Hydrogen-Ion Concentration at 25 0 and 35 0 Derived 
from Catalysis Experiments. 

C A ®t25® ^ 35* Cf|,'Cg, Cjj/Cjj, 

C B . (Ostwald) (Kay). 7 A- 25° (Ostwald). 35° (Kay). 

0.0500 0.0638 0.06x9 0.940010.902 1.20 or 1. 15 i.x6ori.n 

0.0050 0.00847 0.00862 0.974 or 0.935 1 65 or 1.58 1.68 or 1.61 

5. The Hydrogen-Ion Concentration Derived from the Relative Effects of 
Sulphuric and Hydrochloric Acids upon the Ioniza- 
tion of Picric Acid. 

Experiments by M. A. Stewart. 

A method which naturally suggests itself for the determination of the 
1 Carnegie Institution Publications, 63, 138 (1907). 
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hydrogen-ion concentration is that based on the principle of isohydric 
solutions, which consists in finding the concentration which a solution 
of sulphuric acid must have in order that it may be mixed with a definite 
solution of hydrochloric acid with the production of a mixture whose 
specific conductance is the mean of that of the separate solutions. Theo- 
retically this result occurs only when the hydrogen-ion concentrations 
of the two acids are equal. Both calculation and experiment clearly 
showed, however, that the sensitiveness of the method was so slight as 
to make it of no value. 

A new method was therefore employed. This consists in principle in 
determining the relative concentrations of hydrochloric acid and of 
sulphuric acid which drive back the ionization of a third acid to the 
same extent. Picric acid was chosen as the third acid, and the condition 
of equal concentration of its un ionized part in the solution was deter- 
mined by shaking it with benzene, between which and water it distributes 
itself, as shown by the investigation of Rothmund and Prucker. 1 # 

The experiments were carried out in detail as follows: In one of two 
bottles of two-liter capacity were placed about 1300 cc. of the sulphuric 
acid solution to be investigated, and in the other the same volume of a 
hydrochloric acid solution (of a concentration estimated to be about 
isohydric); then to both were added an equal volume (about 70 cc.) of 
a nearly saturated solution of picric acid in benzene. These were rota 
ted for four to five hours in a thermostat at 25 °. The same volume 
(about 50 cc.) of the benzene phase was then removed from each, and, 
after the addition of a little water, each portion was titrated with about 
0.3 normal barium hydroxide, using phenolphthalein as indicator. Then 
the experiment was repeated with a second solution of hydrochloric acid 
of somewhat different concentration from that first used, and the rate of 
change was computed of the concentration of the acid with the quantity 
of picric acid contained in the benzene phase, 

/AChci / AC H p\ 

' £*HC1 / ^HP ' 

and therefrom, under the assumption of proportionality, the concen- 
tration of hydrochloric acid which would have an effect just identical 
with that of the sulphuric acid was calculated. 

' The picric acid used was purified by crystallization from dilute hydro- 
chloric acid, from benzene, from alcohol, and from water. The benzene 
used was the thiophene-free commercial product. 

Preliminary experiments showed that no appreciable amount of either 
sulphuric acid or hydrochloric acid would go into the benzene. Normal 
sulphuric acid was shaken with 50 cc. of benzene; the benzene layer was 
separated, and to it were added a little water and phenolphthalein and 
2 , physik . Chem., 46, 827-53 (1903). 
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then o . 1 normal alkali. One drop of the alkali gave as strong a colora- 
tion as in the case of pure water to which phenolphthalein was added, 
showing that no appreciable amount of sulphuric acid could ha^e gone 
into the benzene. A similar experiment with normal hydrochloric acid 
gave the same result. 

The error due to the effect of the picric acid on the ionization of the 
sulphuric and hydrochloric acids is very small: first, because the amount 
of picric acid is relatively small, so that the hydrogen ion from it forms 
only a small part of the total hydrogen ion, and second, because the sul 
phuric and hydrochloric acids would be affected to nearly the same ex- 
tent and in the same direction. Moreover, since the ion concentrations 
in the two acid solutions are nearly the same, an appreciable error can 
hardly arise through a variation in the distribution ratio for the picric 
acid between the two phases. 

The experimental results, all of which are at 25°, are given in the fol- 
lowing table. The fourth column shows the percentage difference in 
the concentrations of the picric acid in the two benzene solutions which 
had been shaken with the hydrochloric acid and with the sulphuric acid 
solutions. The values in heavy type in the rows below each group of experi- 
ments, show in the second and third columns the calculated concentra- 
tions of the two acids at which they have the same hydrogen-ion concen- 

Tabi.r VIII, Values or Hydrogen Ion Concentration at 25 0 Derived from 
Experiments with Picric Acid 


Kxpt 

No. 

Formal con- 
centration c 
of H 2 S 0 4 

Formal con- 
centration 
of HC 1 

Percentage 
difference 
in picnc 
acid concen- 
trations 

Percentage 
ionization 
of HC 1 

Hydrogen 
ion concen- 
tration C H . 

katio 

C B lC. 

I 

O 49^3 

0.5547 

“ 0 33 




2 

0 49 2 3 

0 5652 

+ 0.03 





0 4923 

0.5645 

± 0.00 

85 5 

O.4826 

0 98 

3 

0 2500 

O 3129 

+ 2 59 




4 

0.2500 

O 2535 

- 3-27 




5 

0.2500 

O.3192 

+ 2.99 


.... 


6 

0 2500 

O.2825 

- 0.20 

.... 




0 2500 

0 2846 

±0.00 

88 8 

0 2526 

X .01 

7 

0 09983 

O. 12022 

+ 1 27 




8 

0.09983 

O II69O 

1 

c 





0 09983 

O.II 74 

io 00 

92 0 

0 . xo 8 o 

1 .08 

9 

0.05000 

0.05942 

1.19 



.... 

10 

0.05000 

O.06089 

—0.05 





0.05000 

O . 06095 

±0.00 

94 i 

O.O573 

1 15* 

IX 

0.02506 

O.O3197 

—0.42 




12 

0.02506 

O.O3253 

—0.07 





0.02506 

0 . 03264 

±0.00 

95 8 

O.O3126 

x as’ 


1 Or 1 .xo, assuming A 0 » 396 and iooy ** 90.3. 
8 Or 1 . 20, assuming A 0 — 396 and 1007* * 92 o. 
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tration, and in the last three columns the corresponding values of the 
percentage ionization of the hydrochloric acid (as derived from its con- 
ductance ratio A/A 0 , using Kohlrausch’s data 1 at 18° and taking A 0 = 
380), of the hydrogen-ion concentration C H in either solution, and of the 
ratio C H /C of that concentration to the formal concentration of the sul- 
phuric acid. The calculated values of C H and C H /C would be 4 per cent, 
smaller than those gven in the table if in calculating the ionization A 0 
be taken equal to 396. This may be justifiable for the two most dilute 
solutions, but any value assumed for the more concentrated solutions 
would be entirely arbitrary. 

6. Comparison of the Hydrogen Ion Concentrations Derived by Various 

Methods. 

The values of the hydrogen-ion concentration (C n /C) derived bv the 
methods already considered are brought together in Table IX. Except 
ing those derived from the freezing point, the values given are th^se cal- 
culated under the assumption that the equivalent conductance of hydro- 
gen ion A h is that derived from the conductance of acids at zero con 
centration. If it be assumed, in correspondence with the transference 
results of Noyes, Sammet, and Kato, that in acid solutions of medium 
concentrations A H is 5 per cent, greater than at zero concentration, then 
all the values of C H /C (except those derived from the freezing point) 
should be increased by 4 to 5 per cent. 

Table IX. — Values of the Hydrogen Ion Concentration Derived by Various 


Formal 

concen- 

tration. 

Freezing 

point. 

o°. 

Conductance and transference. 

0 °. 25°. 

Sugar 

catalysis. 

Picric 

acid 

expts. 

25 

Ester 
catalysts 
35 • 

O.O50 

1.22 

1.33-1.46 

i . 18-1 .31 

1 .20 

1-15 

l .16 

O.025 

1.32 

I-44-1-57 

1 .28-1 .42 

.... 

125 


0.005 

1-59 

1.64-1.79 

1.58-1.76 

I.65 

.... 

1.68 


It will be seen that at o° the values derived from the freezing points are 
much less than even the lower limiting values derived from the conductivity 
and transference experiments, which values were obtained under the as- 
sumption that only H + and SO** ions exist in the solution. This dis- 
cordance may well be due in part to error in the value of (il H ) employed, 
but it can not be wholly accounted for in this way. 

It will also be noted that the conductance and transference data show 
that there is a large decrease in the hydrogen-ion concentration between 
o° and 25 °. It will also be observed that the values derived from the 
conductance are in accordance with those derived from the sugar catalysis; 
but that they are considerably higher at 0.05 and 0.025 formal than 
those derived by the picric acid method. It may be recalled that a change 
1 As given in LandoU-Bdmstein^Meytrhofje^i Tabellen , p. 746. 
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in the assumed value of A H will not account for this divergence, since it 
would affect the latter values to nearly the same extent as those from the 
conductance. 

7 . Concentration of the Other Constituents. 

Since the values of the hydrogen-ion concentration calculated from 
the conductance and transference data differ by about 10 per cent, in 
the two limiting cases, in one of which no hydrosulphate ion and the 
other of which no sulphate ion is assumed to be present, it might seem 
that the proportion of these two ions in the solution might be obtained 
by considering in connection with these limiting values that of the hydro- 
gen-ion concentration derived by some of the other methods. The de- 
gree of inaccuracy of all the values is, however, great enough to make 
such a calculation of little, if any, value. Indeed, the values obtained 
by the picric acid distribution methods (like those at o° obtained from 
the freezing point) are below the lower limit of those derived from the 
conductance, so that upon solving the appropriate equations mathe- 
matically a negative value of the hydrosulphate ion concentration re- 
sults. 

In order to determine the concentration of the other constituents 
(S0 4 “, HS 0 4 ~, and H 2 SQ 4 ), further information in regard to at least one 
of them is therefore essential. The others would then become deter- 
mined in virtue of the condition equations, 

^HSO* ^ 2 ^H.,S0 4 “ 2 ^'» (7) 

and 

Qs0 4 ^HSO* + ^H 2 S0 4 55=1 (8) 

To find a method which will give such information in a conclusive 
way is difficult. The most promising line of attack would seem to be to 
determine tho concentration of the sulphate ion through the measure- 
ment of some property closely related to it; and in the hope of doing this 
we have studied the effects of sodium sulphate, sodium hydrogen sulphate, 
and sulphuric acid on the solubility of thallous sulphate. But the re- 
sults of these experiments, which will be described in another article, 
show, even in the case of sodium sulphate, such a wide divergence from 
the law of the solubility product that it seems impracticable to employ 
them fox the purpose in question. Another method, simpler in principle, 
of determining the sulphate-iori concentration in sulphuric acid solutions 
is to measure the electromotive force of a concentration cell, such as is 
represented by the combination Hg, Hg 2 S0 4 , K^SC^Aq, H 3 S0 4 Aq, Hg 2 S0 4 , 
Hg. Experiments of this kind are to be undertaken in this laboratory. 

In the absence of information as to the sulphate ion the conclusion of 
Noyes and Eastman that the ionization tendency of sulphuric acid with 
reference to its first hydrogen is the same as that of hydrochloric acid 
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is the only principle that seems to be sufficiently well substantiated to 
warrant being made the basis of a provisional computation of the consti- 
tution of sulphuric acid solutions. 

That conclusion, it may be recalled, was based: (1) on the fact that 
at the temperature of 156° the formal conductance of potassium hydro- 
gen sulphate (435) in o. 1 formal solution has become even less than that 
of potassium chloride (490), showing that the former salt can dissociate 
to an important extent only into K + and HS 0 4 “, that therefore the ion 
HS 0 4 “ is only very slightly dissociated; (2) on the conclusion that this 
ion must a fortiori be very slightly dissociated in fairly concentrated solu- 
tions of sulphuric acid itself at 156° and above; (3) on the fact that the 
conductance of such solutions when interpreted under this assumption 
shows that the ionization of the acid is substantially equal to that of 
hydrochloric acid of the same concentration at 156, 218, and 306°; and 
(4) on the assumption that this equality of ionization holds true fljso at 
lower temperatures, such as 18 0 , inasmuch as differences in ionization 
of largely ionized substances are as a rule less pronounced at lower than 
at higher temperatures. 

Upon the basis of this conclusion in regard to the un ionized H 2 SC) 4 , 
the concentration of the constituents may be calculated by equations 
(7) and (8) by using separately each of the values of C H /C, given in Table 
IX. It has seemed worth while, however, to make such calculations only 
with the values at o° derived from the freezing point and with the mean 
of the values at 25 0 derived from the sugar catalysis experiments and the 
picric acid experiments. We have, in addition, calculated the concen- 
trations of the various constituents by the method described by Noyes 
and Eastman 1 from the conductance and transference data at o° and 25 °, 
so that the results may be compared on the one hand with those at o° 
obtained from the freezing-point data, and on the other hand with those 
at 25 0 obtained by the catalysis and picric acid experiments. The re- 
sults are given in Table X. 

Table X. — Concentrations or the Constituents in Sulphuric Acid Solutions. 


Formal 


concen. Ch/C. 

Cmaoi / C . 

CHS04/C. 

Cso 4 /c. 

C11 / C . 

Chsso/C. Chso 4 /C. 

C304/C. 

From conductance data at o°. 


From freezing-point data at o°. 

0.050 1.38 

0.06 

0.50 

0.44 

1 ,22 

0.06 0.66 

b.28 

0.025 1.48 

0.05 

0.42 

0.53 

1.32 

0.05 0.58 

0.37 

0 005 1.67 

0.02 

0.29 

0.69 

i -59 

0.02 O.37 

0.61 

From conductance data at 25 °. 


From isohydric data at 25 °. 

0.050 1.25 

0.06 

0.63 

0.31 

1. 17 

0.06 0.71 

0.23 

OOPS 1-33 

0.05 

o .57 

0.38 

1*25 

0.05 0.65 

0.30 

1.62 0.02 

f 1 Loe . tit ., p. 273. 

0.34 

0.64 

1.65 

0.02 0.31 

0.67 
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8. Relative Concentrations of Un-ionized Sulphuric Acid Derived from 
Distribution Experiments. 

Experiments by M. A. Stbwart. 

In the hope of furnishing further evidence as to the proportion of un- 
ionized H 2 S 0 4 in the sulphuric acid solutions, an attempt was made to 
find an organic solvent between which and water the acid would distribute 
itself to an appreciable extent. In this way at least the relative concen- 
trations of H 2 S 0 4 in different solutions might be determined. Though 
the experiments made in this direction do not lead to very definite con- 
clusions, yet they seem worthy of record. 

Amyl alcohol was the only solvent that was found to take up from water 
a considerable quantity of sulphuric acid, and the commercial product 
did this in much less degree after it had been thoroughly washed with cold 
dilute sulphuric acid (one volume of the concentrated acid and two of 
water), with alkali, and with water, and distilled. It was, however, the 
so purified alcohol that was used for the following experiments. 

The methods of measurement and of computation were as follow's: 

The sulphuric acid solutions and amyl alcohol were shaken from four 
to six hours at 25 °, in bottles which had previously been well steamed 
out in an inverted position and then quickly dried by a current of air. 
After settling clear, a certain volume of the alcohol phase was removed 
and shaken in a dry bottle with a certain volume of water which had 
been saturated with amyl alcohol at 25 °. This second water phase was 
then separated and its specific conductance measured. The specific 
conductances of the first water phase (i. e ,, the sulphuric acid solutions 
after they were shaken with the amyl alcohol) were also measured. The 
concentration of sulphuric acid in the first water phase and also its con- 
centration in the amyl alcohol phase (derived from its concentration in 
the water with which that phase was shaken) were obtained from a plot 
of the cube root of the specific conductance against the ratio of the 
specific conductance to the concentration (L/C). 

This method of determining the concentration of the sulphuric acid in 
the amyl alcohol was used because the concentrations were so small that 
by ordinary chemical methods of determination large errors would be 
likely to be introduced. The concentration of sulphuric acid in the 
first water phase had to be determined after the shaking because some of 
the water went into the amyl alcohol and some amyl alcohol went into it, 
thereby changing its concentration. The specific conductance of ordi- 
nary solutions of the acid in water could not be used in this case, for it 
was found that the amyl alcohol which went into the water phase de- 
creased its specific conductance. Three experiments, made to deter- 
mine the magnitude of the necessary correction, showed that the de- 
crease of specific conductance due to saturation with a^nyl alcohol was 
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5 per cent, at 0.1897 formal, 7.2 per cent, at 0.0471 formal, and 7.6 
per cent, at 0.0059 formal. 

The specific conductance of a 0.0016 normal solution of sulphuric 
acid in amyl alcohol (obtained by shaking amyl alcohol with 0.094 nor " 
mal aqueous sulphuric acid) was found to be less than 9 X io~ 6 , which 
showed that the ionization of the sulphuric acid in the amyl alcohol was 
negligible. 

The following tables contain the results. Under C w is given the formal 
concentration of the sulphuric acid present after shaking in the aqueous 
phase, and under C A /C W the ratio to this concentration of that (C A ) in 
the amyl alcohol phase. An .r attached to the experiment number 
shows the equilibrium was approached from the side of supersaturation, 
namely, by first shaking the amyl alcohol with a stronger sulphuric acid 
solution than that with which it was finally brought into equilibrium. 
All the experiments were made at 25 °. 


Table XI. — Data Relating to the Distribution between Water and Amyl 

Alcohol. 


Bxpt. 


No. Cw ■ 

1 O.1752 8 996 

2 O.1749 8.825 

3^ 0.1844 9*183 

4-r o 1849 9.207 

5 0.08340 7.142 

6 0.08131 7.183 

is 0.09034 7-271 

8 s 0.09154 7-384 

9 0.04484 6.093 

10 0.04447 6.138 

ns 0.04695 6.140 

12s 0.04695 6.257 

13 0.02216 5.347 

14 0.02234 5-294 

15* 0.02160 5.355 

16 s 0.02162 5 .232 


Table XII. — Mean Values oe the Distribution Ratio. 


Cw- 

Ca/Cw. 

0.0220 

0.00531 

0.0460 

0.00617 

0.0870 

0.00725 

0.1800 

0.00906 


It will be seen that the concentration (C A ) of the acid in the alcohol 
increases more rapidly than its concentration (C w ) in the water, corre- 
sponding to the increase in the proportion of un-ionized acid in the more 
concentrated aqueous solutions. The fact that the rate of that increase 
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is so small — smaller even than in the case of hydrochloric acid at corre- 
sponding concentrations — is apparently significant, for it indicates that 
the un-ionized H 2 S 0 4 is formed out of two ions (H + and HS 0 4 “) in analogy 
with diionic substances, instead of directly out of three ions (H + , H+, 
anil S0 4 ) t in analogy with triionic substances. 1 

PART II. -SOLUTIONS OF SODIUM HYDROGEN SULPHATE. 

9. Transference Measurements. 

By M. A. Stewart. 

Transference experiments with sodium hydrogen sulphate should throw 
much light on the extent to which hydrosulphate ion ionizes into hydro- 
gen ion and sulphate ion. Such experiments were therefore made with 
an approximately o. 1 formal solution of this salt at 25 0 . 

a. Preparation and Analysis of the Solutions . — A solution of sulphuric 
acid approximately 1 -formal was made up and titrated against ignited 
sodium carbonate. About 500 cc. of this acid solution were weighed out, 
and enough sodium carbonate was added to it to neutralize it to within 
o 5 per cent. This solution was boiled to expel the carbon dioxide and 
the neutralization completed with sodium hydroxide, with methyl orange 
as indicator. (Sodium hydroxide was not used for the entire neutraliza- 
tion for the reason that it is not readily obtained so pure as the carbonate.) 
To this solution was then added a second portion of the original sulphuric 
acid solution, of the same weight as the first portion, and the mixture 
made up to ten liters. A second solution (No. 2) was afterwards pre- 
pared in the same way. 

The solutions were analyzed : (1) by determining the sodium by evap- 
orating, igniting, and weighing as Na 2 S 0 4 ; (2) by determining the sul- 
phate as barium sulphate; and (3) by determining the hydrogen by 
titrating (by weight) with a standardized, approximately 0.2 formal, 
sodium hydroxide solution. 

The mean results of the analyses of the sodium hydrogen sulphate 
solutions are as follows, the content being referred to 1000 grams of the 


solution : 

Density 

Mols. SO4. Mols. H. Mois. N*. at 25 •fo* 

Solution No. i ... ; 0.09889 0.09905 0.09886 1.0063 

Solution No. 2 0.10090 0.10096 0.10083 1.0065 


1 The results of a distribution experiment made by shaking a o. 10x5 formal solu- 
tion of sodium hydrogen sulphate with amyl alcohol are also worth recording. It 
was found in this case that the value of Ca was 0 .000299. Correcting the NaHS 0 4 
concentration to just o.xooo formal, we get for Ca the value 0.000294; and interpola- 
tion of the data obtained for the acid itself shows that the sulphuric acid solution 
which would be in equilibrium with this same amyl-alcohol phase, and which would 
therefore contain un-ionized sulphuric add at the same concentration as the o . xooo 
formal sodium hydrosulphate is o .0474 formal u 
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ft. Description of the Apparatus and Method . — The apparatus used in 
these experiments was of the same form as that used earlier by Noyes. 1 
It consisted of two glass U-tubes, each with one arm bent at right angles, 
joined together by a double band of rubber tubing. The inside dele- 
ter of the tubes used at first was about 3 5 cm. and the height about 37 
cm. Smaller tubes, 2.5 cm. in diameter, with the other dimensions 
the same as before, were used later. The positive electrode was a polished 
platinum disk which would just fit loosely in the tnbe, and the negative 
electrode was a platinum spiral. A disk was used as anode, in order 
to give a large surface, so as to reduce the current density and prevent as 
far as possible the formation of decomposition products of sulphuric 
acid. The surface of the liquid at the cathode was kept at about two- 
thirds of the height of the tube, and the surface at the anode about 5 cm. 
above the top of the lower bend, with the anode about 1 cm. below the 
surface. The surface of the liquid in the anode limb was kept fit this 
low position because the liquid around the anode tends to become heavier 
(due to the migration of sulphuric acid into it), so that to fill up that 
limb much above the bend would unnecessarily increase the quantity 
of solution. This position was maintained by connecting the anode 
arm with a small tube dipping beneath a column of water. All the open- 
ings were closed with rubber stoppers, but the liquid in the cathode arm 
was open to the outside air through a glass tube passing through the 
stopper. The middle portions of the solutions were removed through the 
small upright tubes on the middle arms. In order to make the joint 
between the U-tubes as tight as possible, a coating of vaseline was put 
over the rubber band and each side wound around with wire. The ap- 
paratus was immersed in a thermostat at 25 0 ± 0.02°, so that the 
horizontal middle part was covered by at least 3 cm. of water. Two 
silver coulometers were used, one on each side of the transference appara- 
tus, in order to make sure that there was no leakage of the electric cur- 
rent. 

After the electrolysis the solution was divided into an anode, a cathode, 
and a middle portion (represented by A, C, and M in the tables below), 
except that in the first experiment the middle portion was divided into 
three parts (M A * M, and M c ). 

The middle portion was titrated with a solution of sodium hydroxide 
containing 0.19816 equivalent NaOH per 1000 grams of solution, the 
content having been determined by titration against a standard sulphuric 
acid solution. The cathode and anode portions were also titrated with 
this sodium hydroxide solution; and, in addition, their contents in sul- 
phate and in sodium were determined in the same way as was done with 

1 This Journal, 23, 42 (1901). 
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the original solution, the former by precipitating and weighing as barium 
sulphate and the latter by evaporating, igniting, and weighing as sodium 
sulphate. The determination of the sulphate was made in the portion 
of 'the solution that had already been titrated with sodium hydroxide. 

r. Data of the Experiments . — Ten transference experiments were made, 
but in four of them the change in the middle portion was so large that 
the experiments were not completed. The results of the other six ex- 
periments are given in the following tables. 

The headings of the columns are for the most part self-explanatory- 
The figures in columns II, IV, and V represent grams; those in VI, VII, 
VIII, and IX, milli-equivalents. In the case of Experiment No. 1, col- 
umn Villa contains the sum of the changes in the anode (A) and anode 
middle (M A ) portions or in the cathode (C) and cathode middle (M c ) 
portions . 


Tabus XIII Data of the Transference Experiments 
Experiment Sn 1 

Concentration of NaHS 0 4 : o 09889 nml per 1000 grains. Time = 3 2 hours. Current 



« 0 of>o ampere 

Silver in 

coulometer: 758 5 mg. 




1 

11 

HI. 

IV 

v. 

VI 

vn 

VIII. 

Villa 

IX 


t of 
por- 

i) 

•v 

+tv 

S 3 V 

u ' 

0*2 

V- . w — 

o 3 oc 

J “0 

Content of whole portion 

6 6 . 

V 

bC 

0 

w 

V 

a 

Portion 

Weigh 

whole 

tion 

2 9 

0 ~ 

0 

Weight 0 
tion a 
yzed 

5 s 0 i* 
^2 ° «« 55 

— « n ^ 
l> % w CQ 0 

* 

Beforeeh 

trolysii 

After el< 
t roly si! 

Change 

& 

u 

« 

0 

H 

*3 

$2 

JS <8 

0 



' II 

85 39 

40- 50 

20 542 

23 8 3 ° 

+ 3 288 

+3 334 

+ 474-4 



SO, 

85 30 

2 O ()05 

41 141 

43 - 5/8 

+ 2-437 

+2.449 

+ 348 4 

A 

208 09 

Na 

NafH 

117 99 

O 7960 

2O.564 

19-750 

- -0.814 

— 0 848 

— 120.7 



. -so, 



— 0 035 

f o 002 




v 


H 

J61 15 

80.79 

15 914 

15 9^0 

I 0 046 



M* 

I6l l.S • 

S 0 4 

161.15 

3 - 727 D 

3* 872 

31 884 

-1 0 012 





[ Na 



.... 


0 034 1 



M 

165.89 

II 

165 .89 

8*’ 93 

l6 382 

I6.383 

4 0.001 





fH 

181.74 

90.76 

17-947 

17-930 

— 0.017 



M c 

181 .74 • 

S 0 4 

00 

4 . 2042 

35-944 

35 967 

+ 0.023 





[Na 





— 0 040 1 





H 

122.82 

55 07 

33 066 

29.654 

” 3-412 

”3 429 

—487.9 



so. 

122.82 

2-7337 

66.226 

63.753 

”2.473 

— 2.450 

— 348.6 

C 

334-78 

Na 

Na+H 

I64.62 

1 1925 

33 • 103 

34-117 

+ 1 .014 

+ 1.054 

+ 150.0 


l -SO, 

.... 

.... 

—0.057 

+ O.OI8 





1 Obtained by difference, . * 
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Table XIII — ( Continued ). 

Experiment No. 2. 

Concentration of NaHS0 4 : 0.09889 mol per 1000 grams. Time = 3 hours. Cur- 




rent ** 0 

.059 ampere. 

vSilver in 

coulometer: 721.5 

mg. 


I. 

11. 


hi. 

IV. 

V. 

VI. 

VII. 

VIIl^ 

IX. 

a 

0 

•I 

v 

*0 a 


it 

-a 

a? 
3.5 
•2 S 

it 

0 efl 

oio° 

J * 
“oSg 1 ?. 

Content 

"~c 5 

si. 

of whole portion. 

v.» 

& 

1. 

& 

«$ 
bc» 0 
a « 

t 

£ 

-JO § 


P 

u 

.£®o N 

V >, 

P 

& 

0 2 

t» ** 

tt 

Sfi 

< 

a 

a 

JO 

u 

« a 

£'*”* 

O 



H 


125 49 

69.56 

28 . 803 

31.94 

f3i4 

+469-7 

A 

291.74 . 

S0 4 


125 49 

3 .0164 

57688 

59 99 

+ 2.30 

+ 344-1 


Na 


154-54 

1-0533 

28 . 840 

27.98 

— 0 86 

— 128.7 



[ Na+H — 

so 4 .... 


—0.045 

— 0.07 



M 

124.38 

H 


124.38 

62 17 

12.283 

12.28 2 

— 0.001 




H 


103.92 

47-95 

41.944 

38.71 

—3-23 

--483.2 

c 

424.68 . 

S0 4 


103.92 

2-3334 

84.070 

81.58 

—2.49 ' 

— 372-5 


1 Na 


157.85 

1. 1327 

41.990 

42.87 

4 ~o 88 

+ 131 6 


1 

L Na+H — 

S 0 4 .... 


0.136 

0.00 




Experime.nt No. 3. 


Concentration of NaHS0 4 : 0 

. 10090 

mol per 1000 grams. 

Time 

» 4.5 hours. 

Cur- 


rent — 0.045 ampere. 

Silver 

in coulometer: 824.5 mg. 




H 


116.89 

66.04 

32.961 

36.563 

+ 3 602 

471- 5 

A 

326.58 SO* 


116.89 

2.8635 

65.850 

68.438 

+ 2.588 

338.8 


Na 


174.82 

1. 2147 

32.925 

31-924 

— 1 .001 

131.0 


k Na+H — 

so 4 

.... 


0.036 

0.049 



M 

12357 H 


123.57 

62 .99 

12.474 

12 .482 

+ 0 008 



H 


131-93 

60.86 

39.209 

35 499 

3-7 10 

485 7 

C 

388.33 S0 4 


131.93 

3.0040 

78.333 

75652 

— 2.681 

351.0 


Na 


184.62 

1-3583 

39 166 

40.195 

+ 1.029 

1347 


. Na+H — 

so 4 



0.042 

0.042 




Experiment No. 4. 

Concentration of NaHS0 4 : o , 10090 mol per 1000 grams. Time — 4 hours. Cur- 



rent =» 0.034 ampere. Silver in coulometer 

: 568.5 mg. 




H 

81.86 

47.46 

17.791 

20.253 

+ 2.462 

+467.4 

A 

176.28 I ®° 4 

81.86 

2,0236 

35 543 

37276 

+ *733 

+329.0 


Na 

86.49 

0.5944 

17.771 

17.044 

— 0.727 

—138.0 


. Na+H — 

S0 4 .... 


0.019 

0.021 



M 

121.89 H 

121 .89 

62 .09 

12.305 

12.304 

0.01 



* H 

94 46 

42.38 

21.722 

19.125 

—2-597 

—493-0 

C 

so. 

215.12 „ 4 

94-46 

2 . 1264 

43.398 

41.434 

—1.964 

—372.9 


0 Na 

117.28 

0 . 8684 

21.699 

22.409 

+0.710 

+ 1348 


Na+H — 

so 4 .... 

.... 

0.023 

0.100 
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Table XIII — ( Continued ). 
Experiment No. 5. 


Concentration of NaHS 0 4 : 0.10090 

mol per 

1000 grams. Time 

** 3 hours. 

Cur- 


rent « 

0 050 ampere. 

Silver in coulometer: 607 4. 




1 

11. 


in 


IV. 

V. 

VI. 

VII. 

VIII. 

IX 


0 »- 

s 

•o 


u ' 

a- 

oio® 

Content of whole portion. 

1* 




-M V 


8 ■§ 

, 

1 


V 

Portion 

Weight 
whole 1 
tion 


Constituet 

determii 


Weight of 
tion a t 
yzed 

Sg»jsf 

u « «b « 

, % ^ PQ 
£ 

Before elec 
trolysis. 

After elec 
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H 



75-31 

43 84 

18.413 

21.047 

+2.634 

468.0 

A 

182 45 . 

S 0 4 



75-31 

1 . 8680 

36.785 

38.712 

+ 1 927 

342.4 


Na 



101 32 

0 6962 

18.393 

17 638 

-0.755 

134 2 



[ Na + H • 

-.so. 



0 021 

O 027 



M 

100 35 

H 



100 35 

51 16 

IO I30 

IO 138 

+ 0 008 




H 



100 11 

44 99 

23.302 

20.551 

* 2 751 

488.8 

C 

230.77 • 

S 0 4 

Na 



TOO. II 

125 26 

2 2580 
0 9269 

46.553 

23.276 

44 534 

24 024 

— 2 019 

4 0 748 

358.8 
132 9 



[ NafH 

so. 



O.025 

0 041 




Experiment No. 6 . 

Concentration of NaHS 0 4 : o 10090 mol per 1000 grams Time =* 2 hours. Cur 
rent «= o 060 ampere. Silver in coulometer: 534.4 mg. 




H 


66.20 

37 94 

18.352 

20.651 

+ 2 299 

464 3 

A 

181 .84 

S 0 4 


66.20 

1 6283 

36.665 

38.260 

+ 1-595 

322.1 



Na 


no 30 

0 7631 

>8.332 

17 699 

—0 633 

127.8 



Na+H 

so 4 



4-0.019 

0.090 



M 

118.14 

H 


118.14 

60.15 

11.926 

11 .920 

—0.05 




f H 


89.38 

40 40 

2 1 . 790 

19.329 

2 .461 

497-0 

C 

215.80 

1 so 4 


89 38 

2 .0208 

43-532 

41.745 

-I.787 

360.9 



| Na 


10 1 .06 

0-7473 

21 .766 

22.450 

+ O.684 

138.1 



[ Na 4 H 

-so 4 



+0.024 

+0.034 




10. Summary of the Transference Results. 

The results of the preceding experiments are summarized in the fol- 
lowing table. The figures show the increase in the number of milli- 
equivalents of the three constituents named in the heading in the anode 
and cathode portions when one faraday of electricity is passed at 25 0 
through a solution containing approximately o . 1 formula weight of so- 
dium hydrogen sulphate per liter. The “weighted mean" is derived 
from the means of the anode and cathode values by assigning to each a 
weight inversely proportional to the square of its average deviation 
(“A. D.”). The “final values” are derived from the three weighted 
means upon the basis of the principle 1 that the increment of the equiva- 

1 This principle can be shown to be a consequence of the facts that one equiva- 
lent of hydrogen is produced at the anode by the electrolysis; that the only ions in 
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lents of hydrogen must equal the difference of the increments of the 
equivalents of sulphate and of sodium (AH = A(£S0 4 ) — ANa), 
by distributing the deviation from this principle upon the three separate 
values in inverse proportion to the square of their average deviations. 

Table XIV. — Summary or the Transference Data. 


Hydrogen (AH). Sulphate A(£S0 4 ). Sodium (ANa), 

Expt. s * v * 

No. Anode. Cathode. Anode. Cathode. Anode. Cathode 

1 +474.4 — 487 9 +348.4 —348 6 — 120. 7 1 +150 O 1 

2 \ 469*7 483*2 344.I 372.5 128.7 131.6 

3 471*5 485 7 338.8 35 i*o 1310 134.7 

4 467*4 493*0 329.0 372.9 138.0 134.8 

5 468.0 488 8 342.4 358.8 134.2 132 9 

6 464 3 497 o 322. 1 1 360.9 127.8 138. i l 

Mean 469.2 489 3 34 ° 5 360.8 131*9 *33 5 

a. d ? 6 * 2.9 5.3 8.0 3.3 13 

A. D 1. 1 1.2 2.4 3.3 1.5 07 

We i g h t e d / 

mean.... 478.4 347*5 L33 2 , 

Final value.. 478.8 345-8 1330 


11. Conductance Measurements. 

Before discussing further the transference values, the results of some 
conductance measurements with sodium hydrogen sulphate will be pre- 
sented. These measurements were made in a U-shaped conductance 
vessel with electrodes which were mechanically roughened, but not platin- 
ized. 

The results are given in the following table, in which the u dilution ” 
signifies the liters of solution in which one formula weight of NafIS0 4 
was contained. 

Table XV. — Formal Conductance of vSodium Hydrogen Sulphate at 25 °. 


Dilution. 

Scries 1. 

Senes 2. 

Mean. 

Barth 

IO 

261 .60 

261 73 

261 .67 

. . . 

20 

297 .00 


297.00 


40 

337*78 

337- fi 8 

337*73 

336 8 

80 

381.42 

— 

381 .42 

380.7 

160 

424.94 

424.58 

424.76 

423.0 

320 

463*48 

463 . 10 

463.30 

463.0 

640 

494 * 4 ° 

494.60 

494-50 

497.0 

1280 

516.60 

516.89 

5x6.75 

5190 

2560 

530.74 

531-20 

530-97 

. . . 


the solution are H + , Na + , HS0 4 *“, and S0 4 ,* that the transference of each constitu- 
ent is determined by that of these separate ions, as expressed by these equations: 

AH»i + HS0 4 " — H+, ANa - — Na+, and AS0 4 * HS0 4 ~ + S0 4 ~; 
and that the sum of all the equivalents of all the ions transferred must be unity: 

H + + Na+ + HSOr + 2S0r - 1 . 

From these equations there results by combination: 

AH -2 AS0 4 — ANa — A (*S0 4 ) — ANa. 

1 Omitted in the calculation, since their deviations are greater than 3 A. D. 
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Measurements of the conductance of this salt at 25 0 had previously 
been made by Barth. 1 His values, reduced from Siemens’ units to recip- 
rocal ohms and interpolated graphically (from a plot of A against log v) 
for the dilutions at which our measurements were made, are given in the 
last column of the table. 


12. Concentrations of the Sodium Ion and Hydrogen Ion Derived from 
the Transference and Conductance Data. 

A simple interpretation of the transference results is obtained through 
the following considerations. Let C' H , f Na , C so<> and C HS04 represent 
the formal concentrations in the sodium hydrogen sulphate solution of 
the ions denoted by the subscripts; let A n , ^l Na , ;1 S(V and J IIS(>4 repre- 
sent the equivalent conductances of those ions, and N H> N Na , and N sc>4 
the equivalents of hydrogen, sodium, and sulphate transferred for each 
faraday of electricity passed ; and let L represent the specific conductance 
of the solution. Then, since the number of equivalents of any ion trans- 
ferred is equal to the ratio of the actual conductance of that ion to that 
of the solution, and since hydrogen is transferred in the two forms, H + 
and HSCV, and sulphate in the two forms HSO, and SO* , we have the 
relations 


^Na 


( N.^Na 

io 3 L 


(9); 


Nn - 


CnAu — C 


HSOi^HSO# 


10 s L 


(10); 


and 


M 2 ^S0 4 ^S0 4 T 2 Cuso^ HSOj ( \ 

S(> ‘ = io 3 L ' 

In these equations we may substitute CA for io s L, introduce the values 
N Na “ O I 33> N h - 0.521, N S04 - 0.346, A - 261.7, ,l Na - 51, 
^so 4 888 79» 888 365 or 348 (see Section 2), and A HSOa = 39-5» 2 and solve 

for the ratios C Na /C, C H /C\ etc. We thus obtain from equations (9) 
and (11), 

^Na , 2 Cso 4 , C1ISO4 

^ — 0.68, and ^ =* 1.15. 

Since the sums of the equivalent concentrations of all the positive and 
negative ions must be equal, we have C Na -f C n =» 2C S04 + C HS04 , 
and therefore also 


C*Na Ch 

C + C 


1. 15. and 


C H 

c 


°*47* 


A value of C H /C lying between certain not very wide limits can be ob- 
1 Z. physik . Chem. t 9, 182 (1892). 

* In Section 3 * 4 hso 4 was found to be about 40 when An was taken as 365, and 
about 35 when A H was taken as 348. We have assumed in these calculations iHSO* 88 * 
J 4 so 4 -* 39*5, syice equation (11) can then be solved directly for 2Cso 4 + Chso 4 * 
The error arising from this uncertainty is almost surely less than that arising from the 
errors in the transference data. 
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tained from equation (io) also, since the second term in its last member 
is a much smaller quantity than the first term which contains C H /C. Plac- 
ing C HBO JC equal to zero as one limit and equal to o. 5 as the other (which 
last is the largest value, consistent with that of C H /C , which it can have), 
one obtains 

Ch = fo.37 for A H = 365 and C HSO /C - o.o) 

C (0.43 for A u = 365 and C HSO /C = 0.5 j 

or Ch = | °-39 for A n = 348 and C HSO /C = 0.0) 

C [0.45 for A n - 348 and C HSO< /C = 0.5 j ' 

Taking the mean (0.41) of these four values and combining it with the 
value (0.47) obtained from equation (n), we get as the final value 

C H /C = 0.44. 

Although C uso JC can be definitely calculated by equation (10), by 
substituting in it the value of C H /C derived from equation (11), yet the 
result (0.85 for A n = 365 or 0.65 for A n * 348) has no significance, since 
it is seriously affected by the accumulated error resulting from tlie two 
successive subtractions of terms much larger than that containing C\ ls04 /t *. 

It is therefore only the values of C H /C and C Na /C that can -be derived 
with a fair degree of accuracy from the transference and conductance 
data, unless some additional assumption be made. It is of some interest 
to compare the values of these quantities obtained above with the results 
of Noyes and Eastman 1 for o . 1 formal potassium hydrogen sulphate at 
1 8°, which were derived from conductance data alone with the help of 
estimates as to the concentrations of the un-ionized substances (K 2 S 0 4 , 
H 2 S 0 4 , and KHS 0 4 ) in the solution, based upon analogies with other sub- 
stances of these same types. Their values are C H /C = 0.51 and C Na / C ' ~ 
0.63, while ours are C H /C = 0.44 and C Na /C = 0.68. 

13. The Hydrogen-Ion Concentration Derived from Catalysis Experi- 
ments. 

A value of the hydrogen-ion concentration may also be derived from 
the catalysis experiments made at 35 0 by Kay. 2 He found that tlj/e 
specific reaction rate of the hydrolysis of ethyl acetate under the influ- 
ence of 0.1 formal sodium hydrogen sulphate is 32.4. This becomes 
31.0 when corrected in accordance with his experiments for the influ- 
ence of the neutral-salt ions (the Na + and SO<~) upon the rate. Divid- 
ing this value by the specific reaction rate per equivalent of hydrochloric 
acid (708) at the corresponding concentration, as determined by him, 
we get 0.0448 as the concentration of the hydrochloric acid solution which 
has the same catalytic effect as tHe o. 1 formal sodium hydrogen sulphate. 8 

1 Carnegie Institution Publications , 63, 276 (1907). 

* Proc. Royal Soc . Edinburgh , 22, 491 (1898). 

* Kay found the effect of LiHS 0 4 to be nearly identical with that of NaH$ 0 4 , 
and that of KHS 0 4 to be about 2 per cent, smaller. 
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Taking the ionization of the acid as 95 per cent., we find 0.416 to be the 
value of C H /C in the sulphate solution at 35 °. The value derived from 
the transference and conductance measurements was 0.44 at 25 °. The 
agreement is seen to be fairly close, especially in view of the fact that C H /C 
decreases rapidly with rising temperature. 

Noyes and Eastman have already pointed out that their value of 
C H /C at ioo° (0.31 at o 01 formal) agrees well with that (0.315) de- 
rived by Trevor 1 from sugar inversion experiments at ioo°. 

14. Concentrations of the Other Constituents. 

Although unfortunately, on account of lack of accuracy, it was not 
possible to calculate the relative cctocentrations of sulphate ion and 
hydrosulphate ion from the transference and conductance data alone, 
yet we are in a better position to estimate these concentrations than were 
Noyes and Eastman, for there is now available not only a more directly 
determined value of C H /C, but also, in addition, a fairly reliable value 
of C Nfl /C. From the latter (o 68) one can at once conclude that the sum 
of the concentrations of the un-ionized salts (2C’ N£uS04 4- C ' NaH so 4 ) ® 
0.32, and no considerable error can result if we distribute this value 
between the two salts in the proportion C NaoSC>4 : 2C SG4 — C' NaHS04 : 
C HSO< , m accordance with the principle that in a mixture with a common 
ion the un-ionized fraction of a unibivalent salt is approximately twice 
as large as that of a uni-univalent salt. (In making this distribution 
any probable value may be assigned provisionally to C so JC and C HSC)4 /C, 
such as 0.44 and 0.22, and the operation can then be repeated with the 
more accurate values of the latter quantities subsequently obtained.) 
If further we make the assumption, substantiated by Noyes and East- 
man (see Section 7), that sulphuric acid with respect to its first hydrogen 
and hydrochloric acid are equally ionized under corresponding condi- 
tions, we can estimate the un-ionized H 2 S 0 4 present in the solution and 
finally obtain by subtraction the concentrations of the HS 0 4 “ and S 0 4 “ 
ions. The results of such a calculation are given in the following table: 

'Table XVI. — Concentrations of the Constituents in o.i Formal Sodium Hy- 
drogen Sulphate Solution at 25 °. 


C'Sa/C 

0.68 

^NaHSOyC 

0.08 

Ch/C 

0.44 

C N a,S0/C 


CHS04/C 

0.44 

CHaSO^'C 


c so yc 

0.34 




It is of interest to calculate from these data and also from the corre- 
sponding data given in Table X for sulphuric acid the values of the prod- 
uct C H C S04 /C H804 , which, if the mass-action law held, would be the 
ionization constant for the second hydrogen of sulphuric acid. The 
values of this product at 25 0 are found to be 0.034, 0.031, and 0.022, 
4 Z. physik . Chem. t xo 9 342 (1892). 
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using the data for o i formal NaHS 0 4 , 0.05 formal H 3 S 0 4 , and 0.025 
formal H 2 S 0 4 , respectively. 1 The “ionization constant ” at these con- 
centrations (o 025 — o. 1 formal) may therefore be taken in round num- 
bers at 3 X io~ 2 . The rough agreement of the values derived from the in- 
dependent and widely different data for sulphuric acid and its acid salt 
is welcome evidence of the approximate correctness of the computed 
concentrations of the sulphate ion and hydrosulphate ion in the solu- 
tions, the computation of which was based in both cases, it must be re- 
membered, upon the only indirectly substantiated principle that the 
hydrogen of hydrochloric acid and the first hydrogen of sulphuric acid 
are equally ionized under corresponding conditions. 

SUMMARY. 

It has been shown in Section 1 of this article that in the case of a dibasic 
acid like sulphuric acid the hydrogen-ion concentration (C H ) can be de- 
rived from the freezing-point lowering, or from any other property which 
gives the value of the mol number i, by the relation C H /C =-^ i 7 1, where 
C represents the formal concentration of the acid (that is, the number 
of formula weights of H 2 S 0 4 per liter of solution). The values of (' H/ (' 
at o° so derived from the existing freezing-point data have been presented. 

Noyes and Eastman have previously shown that there can be derived 
from conductance data alone not very widely divergent maximum and 
minimum values of the hydrogen-ion concentration in sulphuric acid, 
corresponding to the two limiting cases where the only negative ion present 
is SO/ and where it is HSO/. In their calculations it was, however, neces- 
sary to assume a value for d HS(v the equivalent conductance of hydro- 
sulphate ion, the assumption made being that its conductance is equal to 
that of acetate ion, which has a similar molecular complexity. It has 
been shown that any such assumption can be dispensed with, if with the 
conductance data there be combined the transference data for the acid. 
In this way, using the existing transference data and the conductance 
data at 25 0 and o° determined in this laboratory and presented in Sec- 
tion 2, limiting values of C H /C at these temperatures have been calculated. 

Incidentally, there have been derived through a consideration of the ' 
existing conductance data at o° the best values to adopt for the equivalent 
conductance at o° of certain ions. These values are A K = 40 3, A C1 * 
41. 1, A SOa = 42.8, and A u = 224. The last value is much lower than 
that (240) estimated by Johnston. 2 

It has been shown in Section 3 that the transference and conductance 
data enable the value of A HSOi at 25 0 and o° to be approximately cal- 
culated, provided it be true that the hydrosulphate-ion is present in the 

1 The values at o° are 0.061 for o 05 formal HjS 0 4 and o 042 for o 025 formal 
H«S 0 4 . 

2 This Journal, 31, 1015 (1909). 
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sulphuric acid solution in considerable quantity, so that its conductance 
may enter as a factor. The values obtained (35 to 40 at 25 °) are not 
far from one-half of that of J SOi (79 at 25 °). 

From a consideration of the relative catalytic effects of sulphuric and 
hydrochloric acids on the hydrolysis of cane sugar at 25 °, as determined 
by Ostwald, and on that of ethyl acetate at 35 0 as determined by Kay, 
values of the hydrogen-ion concentration (C H /C) have also been calcu- 
lated (see Section 4). 

A new isohydric method of determining the hydrogen-ion concentra- 
tion has been described in Section 5. It consists in determining by ex- 
periment the relative concentrations of hydrochloric acid and of sulphuric 
acid which drive back the ionization o? picric acid to the same extent, 
the condition of equal ionization of the picric acid being ascertained by 
shaking the aqueous solution with benzene, into which the un- ionized 
picric acid distributes itself. 

The values of C n jC at various concentrations at o°and 25 0 , obtained 
by these various methods, will be found in Table IX on page 1146. 

To derive the concentrations of the other constituents from these 
values of the hydrogen-ion concentration, the latter must be combined 
with some further knowledge or data relating to those constituents. 
Noyes and Kastman, through a study of the conductance of sulphuric 
acid and potassium hydrogen sulphate through a wide range of tempera- 
ture, have made it highly probable that under corresponding conditions 
the first hydrogen of sulphuric acid is equally dissociated with that of 
hydrochloric acid. Upon the basis of this principle the concentration of 
the un-ionized H 2 S 0 4 was estimated by Noyes and Eastman, and, from 
this concentration and that of the hydrogen ion the concentrations of 
the other two constituents, the sulphate ion and hydrosulphate ion, 
were obtained by them by subtraction. We have made similar calcula- 
tions, using the values of the hydrogen-ion concentration derived in this 
paper. The results, which will be found in Table X on page 1 148, show 
that sulphate ion and hydrosulphate ion are both present in large propor- 
tions at medium concentrations, that the latter is present in much larger 
quantity at 0.05 formal and the former at 0.005 formal, and that at 
0.05 formal the ratio C KS0 JC$ 0i increases greatly between o° and 25 °. 
It will also be seen that the hydrogen-ion concentration decreases mark- 
edly within the same temperature interval. 

Experiments have been described in Section 8 upon the distribution 
of sulphuric acid between water and amyl alcohol. The ratio C A /C W 
of the concentration of the acid in the alcohol to that in the water was 
found to increase from 0.0053 f° r C w — o .022 to 0.0091 for C w = o. 180, 
corresponding to an increase in the proportion of un-ionized sulphuric 
acid in the aqueous solution. The rate of this increase is somewhat 
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smaller even than in the case of hydrochloric acid, indicating that^the un- 
ionized H 2 S 0 4 is formed out of two ions (H + and HS 0 4 ~), in analogy 
with di-ionic substances, instead of directly out of three ions (H + , H+, 
and S 0 4 ") in analogy with tri-ionic salts. 

Determinations were also made of the transference of sodium, of hy- 
drogen, and of sulphate occurring during the electrolysis of a o. i formal 
solution of sodium hydrogen sulphate at 25 °. The results are summa- 
rized in Table XIV, on page 1156. Measurements were also made upon 
the conductance of this salt at various concentrations at 25 °. By com- 
bining the transference and conductance data the concentrations of the 
sodium ion and hydrogen ion in fhe o. 1 formal solution were calculated 
(in Section 12). The values so obtained are C Na /C — o 68, and C H /C' - 
0.44. 

Tt has also been shown (in Section 13) that the experiments of Kay on 
the catalysis of ethyl acetate by o . 1 formal sodium hydrogen sulphate 
at 35 0 furnish an independent means of determining the hydrogen-ion 
concentration, and that the value of C H /C derived therefrom iso 416, 
which agrees well with that (0.44) derived from the transference ex- 
periments. 

From the values of C H /C and C H /C Na derived from the transference 
and conductance data the concentrations of the other constituents in 
the o. 1 formal NaHS 0 4 were computed (in Section 14) with the help of 
the principle above referred to in regard to the ionization of the first 
hydrogen of sulphuric acid. In this way C HSO JC was found to be 0.44 
and C S04 /C to be 0.34 (see Table XVI). 

From these data and also from the corresponding ones for 0.05 formal 
H 2 S 0 4 the values of the product C h C S04 /C hscv the ionization constant 
of the second hydrogen of sulphuric acid, were calculated to be 0.034 
and 0.031, respectively, or in round numbers 3 X io" 2 at concentrations 
o . 025 to o . 1 formal. 

Boston, July, 1910. 


ON SURFACE ENERGY AND SURFACE TENSION. 

By J. R. Mills and Duncan MacRae. 

Received July 25, 1910. 

In an article by Whittaker 1 ‘'On the Theory of Capillarity,” it was 
shown that the following empirical relation was apparently true: “ The 
surface energy of a liquid in contact with its own vapor at any temperature 
is proportional to the product of the internal latent heat and the {absolute) 
temperature 

The proposed relation and further related applications and inferences 
have since been discussed by Kleeman in a number of papers . 3 

1 Proc. Roy . Sot., 81, 21 (1908). 

* Phil Mag., 1 8, 39, 491, 901 (1909); 19, 783 (1910) 
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Some explanation of the relation proposed is perhaps necessary. Par- 
ticles in the interior of a liquid are attracted by the surrounding mole- 
cules equally in every direction; but particles on, or near, the surface 
are attracted only, or as a resultant, inward, in a direction perpendicular 
to the surface. When the area of the surface of a liquid is increased, 
work is therefore done against the molecular forces in bringing additional 
molecules within the surface layer. If the surface of a liquid is actually 
increased — as in blowing a soap bubble— it will be found that as the 
surface increases in size under the action of the externally supplied force 
(the pressure of the air blown within the bubble), the surface layer of 
the liquid becomes at the same time solder. Heat is absorbed from the 
surrounding bodies in order to raise the temperature of the surface film 
to the initial temperature. Therefore the total energy necessary to in- 
crease the surface area is supplied partly as mechanical (external) work 
and partly as heat energy. If E represents the total energy per square 
centimeter of surface layer, y t the necessary mechanical work performed 
in making this surface, and T the absolute temperature, we have from 
Helmholtz’s free energy equation the relation first stated by Lord Kelvin, 

zr _ _ a- d r 


where — T dy/dT represents the amount of heat energy absorbed from 
the surrounding bodies. The mechanically supplied surface energy, y , in 
ergs per square centimeter, is numerically equal to the surface tension 
per linear centimeter in dynes. 

The heat of vaporization necessary to change a liquid into a vapor is 
expended in two ways: first , in pushing back the external pressure as the 
liquid expands, and second , in doing certain internal work within the 
liquid. The first amount of energy is easily calculated and when sub- 
tracted from the total leaves the so-called “internal heat of vaporiza- 
tion.” This internal heat of vaporization, X, can be calculated from the 
thermodynamical relation discovered by Clausius and Clapeyron, 

2- ^ - (T d £-P){V-v); 

here P denotes the vapor pressure, and v and V denote the volume of 
liquid and its saturated vapor, respectively. 

The proposed relation of Whittaker states that 

E 

3- = constant, 

where E is obtained from equation i and X from equation 2 . 

Whittaker himself stated that the above empirical relation, being yet 
without theoretical basis, and being based only on the*behavior of five 
substances over a limited range of temperature, must be received with 
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caution until further comparison with experimental results was possible. 

It seemed to the authors desirable, for the reasons mentioned below, 
to re-examine the experimental basis for the proposed relation. 

First. — The values of the internal heat of vaporization used by Whit- 
taker were taken from a paper by one of us 1 and these values have been 
lately revised. The revision was made necessary by the changes made 
by Dr. Sydney Young in the original data used for the calculation of 
these values. These changes were usually small, but extensive, and 
affected principally the volumes of the saturated vapor at the lower 
temperatures and the vapor pressure. 2 

Seco)ui. — Whittaker, due to the , increasing uncertainty in the values 
for the internal heat of vaporization, and in dy/dT as the critical tempera- 
ture was approached, did not extend his study of the relation given in 
equation 3 nearer the critical temperature than 40 or 50 °. While it is 
true that the data become increasingly uncertain, it is also true that 
E, y, and dy/dT , when plotted against the temperature, give early straight 
lines over the range of temperature investigated by Whittaker. It be- 
comes of very greatly increased importance therefore to carry the study 
of equation 3 nearer the critical temperature. 

Third. — Whittaker obtained his values of dy/dT from the values for y 
as given by Ramsay and Shields. 3 Now they concluded from an appar- 
ently sufficient experimental basis that the surface tension, y, could be 
expressed for non-associated liquids, as were those investigated by Whit- 
taker, by the equation 

4. y(Mvf» - k{r — d) y 

where t represents degrees counted from the critical temperature, and 
k and d are constants, k being approximately 2.12, and d varying with the 
different substances investigated from 5.9 to 8.5. Mv is the molecular 
volume of the liquid. Equation 4 is true nearly to the critical tempera- 
ture, and it is clear that the function — dy/dT must therefore decrease con- 
tinuously and consistently with increase of temperature; that is, for 
non-associated liquids — dy/dT , when plotted against the temperature, must 
neither increase nor give a line of double curvature. An examination of 
the values of dy/dT given by Whittaker for carbon tetrachloride, benzene, 
and chlorobenzene show that his values do not strictly obey the above 
statement and seem too greatly influenced by the individual errors of 
observation. We have changed, therefore, in the tables below, usually 
only very slightly, some of the values of dy/dT as given by Whittaker for 
the above-mentioned substances. 

Whittaker states on page 23 of the article cited th^t “A point is at 

1 Mills, J. Phys. Chem., 8, 383 (1904); 10, 1 (1906). 

* Arrhenius number of Z. physik. Chem., 70, 620 (1910). Scientific Proc, Roy. Dublin 
Soc„ 12 9 374 (1910). 

• Phil. Trans . Roy. Soc. t 184A, 647 (1893). 
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length reached, about i8o° below the critical point, at which E is sta- 
tionary, and thenceforward E diminishes as the temperature decreases — 
a somewhat surprising result. These changes in E are identical with the 
changes of the function TX t which has its stationary point at the same 
temperature as E.” We consider this statement to be in error as re- 
gards the behavior of the surface energy so far as non-associated liquids 
are concerned. The remark seems true for associated liquids. For con- 
firmation of our point of view it is sufficient to cite the form of the sur- 
face tension curves as shown in the paper by Ramsay and Shields, and 
the values of the internal heat of vaporization as given in the papers by 
Mills already cited. 

Fifth . — We found data available for a study also of ethyl acetate, 
and for the supposedly associated liquids, water, acetic acid, and methyl 
and ethyl alcohols. 

The data and the results obtained are given in the tables below. The 
surface-tension, y } was obtained from the measurements of Ramsay and 
Shields. 1 The values of dy/dT were derived from the measurements of y 
given, and were smoothed in accordance with the observations above 
made. The values of dy/dT given by Whittaker were used for ethyl ether 
and methyl formate at the lower temperatures, and his values were not 
greatly changed for carbon tetrachloride and benzene. The values for 
E were obtained from the data given by the use of equation 1 . The 


Table I. — Ethyl Oxide. 


t°C. 

r- 

—dr/dT. 

E. 

1 

10 *E/TL 

20 

16 49 



80.04 


40 

14.05 

0. 1 12 

49.1 

75.02 

20.9 

SO 

12.94 

0 1 1 15 

4 ^ 0 

72.66 

20.8 

60 

11.80 

0. no 

48.4 

70.40 

20.6 

70 

10. 72 

0 joS 

47.8 

67 81 

20.6 

80 

9.67 

0. 106 

47.1 

65.40 

20.4 

00 

8 63 

0. 1035 

46. I 

62 . 89 

20.2 

ion 

7.63 

o! 1015 

45-5 

60. 40 

20 2 

1 10 

6 63 

0.0995 

44-7 

57-53 

20 3 

120 

5 65 

0.097 

43-8 

54-53 

20.4 

I 3 n 

4 * 69 

0.094 

42.6 

51.43 

20 6 

140 

3 ■ 77 

0 0905 

41. 1 

48-13 

20. 7 

15 ° 

2.88 

0 086 

30.3 

44-30 

21.0 

160 

2.08 

0.080 

36.7 

39.81 

21. 3* 

170 

1 • 33 

0.071 

32.8 

34-31 

21.6* 

180 

0.64 

0.058 

26.9 

27-36 

21.7* 

185 

0.38 

0.0495 

23.0 

22.99 

21.8* 

190 

0. 16 

0.040 

18.7 

16.59 

24.3* 

193 

0.04 



9 71 


« 9 .v 8 

0 



O 


190 

Mills 



17.68 

22.8* 

190 

Dieterici 



17.44 

23 . 2* 

Phil. Trans . , 

, 184A, 647 

(1893); z , 

hhysik. Chem. t 

12, 433 (1893). 
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values given for k were calculated by Mills and have been partially pub- 
lished. 1 Details and references will be found in that paper. The com- 
plete data will be published later. 

We have, except for the alcohols, averaged the values of the constant 
io i E/Tk for each substance down to the values marked with an asterisk, 
and have marked with an asterisk all values differing from the mean 
values so obtained by more than 3 per cent. The mean values are given 
in Table XI. ant 

Considering first the non-associated substances, it will be seen that 
the “ constant’ * decreases to the extent of 3 per cent, or more from its 
value at the lowest temperature to a minimum value, and then rises 
in value until the critical temperature is reached. This consistent be- 
havior of the constant tends strongly to show that it is not a true con- 
stant. A closer examination of the data tends to confirm this belief. 

For the divergence of the “constant" from constancy cannot be due to the 
values used for the internal heats of vaporization. One of us has made an 
extended and close study 2 of the internal heat of vaporization * both of 
the substances at present under investigation and of other substances. 
From the discussion and data given in the papers cited we* feel certain 


Table II. — Carbon Tetrachloride. 


*°c. 

r • 

— dr / dT . 

E . 

J. 

10 * E / TX . 

20 

23.68 





80 

18.71 



41.64 


90 

17.60 

0 . 1 1 1 5 

5 «.i 

40.72 

39 3 * 

IOO 

16.48 

0. no 

57-5 

39*64 

38.9 

no 

15.41 

0. 1085 

57 *o 

38.53 

38.6 

120 

14 -32 

0. 107 

56.4 

37.48 

38.3 

130 

13.27 

0. 105 

55*6 

36.35 

38.O 

14 ° 

12.22 

0.103 

54-8 

35*27 

37*6 

150 

1 1 . 21 

0. 1015 

54 * 1 

34*19 

37*4 

160 

10.22 

0. 100 

53*5 

33*28 

37*2 

170 

9.24 

0.098 

52 . £ 

32.21 

36.9 

180 

8.26 

0 . 0965 

52*0 

30.83 

37-2 

190 

7.28 

0.095 

5*-3 

29.52 

37*5 

200 

6-34 

0.093 

50.3 

28.22 

37*7 

210 

5.40 

0.0915 

49.6 

26.83 

38.3 

2 20 

4-47 

0.090 

48.8 

25.35 

39 *o 

230 

3.56 

0.0870 

47*3 

23.73 

39 - 6 * 

240 

2.74 

0.0825 

45 *i 

21.91 

40. 1* 

250 

1-93 

0.076 

41*7 

19.85 

40.2* 

260 

1.20 

0 067 

36.9 

1715 

40.4* 

270 

0-59 



13*62 


2 » 3 15 

260 

260 

0 

Mills 

Dieterici 



0 

16.78 

16.97 

41. 2* 
40.8* 


1 This Journal, 31, 1099 (1909). 

* Mills, Ibid., 31, 1099 (1909). J. Phys. Chew., 13, 512 (1909). 
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Tabus III.- 

-Benzene. 



t° c. 

r- 

—dr/dT. 

E. 

i. 

10 *E/TX 

80 

20. 28 

0. 1 16 

6l . 2 

86 . 70 

20.0 

90 

19.16 

0. 1 16 

61.3 

84 . 69 

I9.9 

IOO 

18.02 

0. 1 16 

6I.5 

82.37 

20.0 

no 

16.86 

0115 

60.9 

79 98 

199 

120 

15-71 

0 1145 

60 7 

77 39 

20.0 

130 

14 -57 

0. 1125 

59 • 9 

75-45 

197 

140 

13-45 

0 1105 

59 - 1 

73-45 

19-5 

150 

1 2 . 36 

0 108 

58.0 

71 34 

19.2 

160 

11.29 

0 106 

57 2 

69.48 

19.0 

170 

10 20 

0. 104 

56.3 

67.25 

18.9 

180 

9 15 

0 102 

55 4 

65 21 

18.8 

190 

8 . 16 

0 100 

54 5 

62. 51 

18.8 

200 

7 l 7 

0 09S 

S 3 -5 

59-75 

18 9 

210 

6 . 20 

0 096 

S 2.6 

57 - 04 

19. 1 

220 

5 25 

<■> 094 

SI 5 

53-76 

19 4 

230 

4 V 

0 091 

40 9 

SO 30 

19.7 

240 

3 * 4 1 

4 k O 087 

48 1 

46*53 

20 1* 

2 SO 

2 . 56 

0.083 

46 0 

42 46 

20 7* 

260 

1-75 

0 07 8 . s 

43 6 

37-55 

21.8* 

270 

0.99 

0.073 

40 9 * 

31 *49 

23.7* 

275 

0 66 





280 

0. 29 



23*45 


288 3 

0 



0 


270 

Mills 



31-47 

23.7* 


Dieterici not calculated 

at 270°. hut nt 

260° =» 

37 . 52 and 


at 280° ~ 23 79 






Table IV. — Chlorobenzene. 



t° c. 

r* 

— d r /dT 

E. 

l 

io 4 E/r;. 

150 

17.67 

0. IOO 

60 . 0 

65 45 

21.7 

160 

16.62 

0.0995 

59-7 

64.14 

21.5 

170 

1567 

0 0995 

59-8 

63.87 

21.5 

180 

14.66 

0 . 099 

59-5 

61.67 

21.3 

190 

13.69 

0.0983 

59-3 

60 06 

21.3 

200 

12.72 

0.0970 

S8.6 

58.50 

2 I . 2 

210 

11.75 

0 . 0960 

58.1 

56 87 

21 . I 

220 

10.81 

0.0945 

57-4 

55-55 

21 <> 

230 

9.88 

0.093 

56.7 

53-90 

20 9 

240 

8.94 

0.0915 

55 • 9 

52.25 

20. 9 

250 

8.04 

0.090 

55-1 

50.37 

20 . 9 

260 

7.14 

0.0875 

53-8 

48.17 

21.0 

270 

6.27 

0.0855 

52.7 

45.80 

21 . 2 

280 

5.40 

0.0825 




290 

4.54 

0.080 




3 °° 

379 

0.0765 




310 

3-05 

0.073 




320 

2 - 35 

0.069 




333 

i -47 





359 - * 

0 
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Table V.— 

Methyl Formate. 



<°c. 

r- 

—dr/dT. 

e. 

k. 

10 *E/Tk. 

20 

24.62 





3 ° 

23.09 

0.153 

69.4 

104.38 

21.9 

40 

2 1 . 56 

0. 151 

68.8 

101 . 16 

21.7 

5 ° 

20 . 05 

0 149 

68 .2 

98.18 

21.5 

60 

18.58 

0 147 

67.5 

94-74 

21.4 

70 

17 . IV 

0 145 

66.9 

9143 

21 3 

80 

15 7 *» 

0 M 3 

66 . 2 

88.31 

21 2 

90 

14 29 

0. 141 

65 5 

85 25 

21 2 

1 no 

1 2 . 90 

0 139 

64 6 

81.83 

21.2 

IIO 

11 5 - 

0.1365 

63.8 

78.96 

2 1. 1 

J2Q 

10. 18 

0 T 34 

62 9 

75.87 

21 1 

13 ° 

8.86 

0 1315 

61 8 

71.95 

21.3 

140 

7-54 

0 128 

60 4 

68 . 10 

21.5 

150 

6 . 30 

0. 124 

58.8 

64 . 03 

21.7 

160 

5 06 

0. 1 19 

56 6 

59.28 

22 0 

170 

3 * 9 ° 

0 1125 

5 .V 7 

54 4 i 

22 3* 

180 

2.81 

0. 105 

, 4 

48 . 64 * 

22.9* 

i go 

1 78 

0 , 096 

46 2 

41 91 

*23.8* 

200 

0.87 

0 086 

4 i -5 

33 18 

26 5* 

210 

0 06 



\9 58 


214 0 

0 



0 


200 

Mills 


* 

35 10 

25 0* 

200 

Pieterici 



35 04 

2 S 0* 



Table VI.- 

-Ethyl Acetate. 



t°C. 

r 

— dr/dT. 

E. 

k. 

\ 0 A E/Tk 

20 

23.60 





80 

16.32 

0. 1185 

58.1 

78.25 

21 . I 

90 

15-14 

0. 117 

57-6 

76.40 

20.8 

100 

13.98 

0 . 1 1 5 

56.9 

74*36 

20.5 

1 10 

12.84 

0 . 1 1 3 

56 . I 

72.13 

20 3 

120 

11-75 

0. hi 

55-4 

69 . 64 

20. 2 

130 

10.66 

0. 109 

54-6 

66 84 

20 3 

140 

9-57 

0. 107 

53.8 

64.42 

20 2 

150 

8 52 

0. 1045 

52.7 

61.38 

20 . 3 

160 

7 48 

0. 1025 

5 i ,9 

58 • 36 

20.5 

170 

6.47 

0. 100 

50. 8 

55 71 

20.6 

180 

5.51 

0.097 

49.4 

52.68 

20. 7 

190 

4-54 

0.093 

47.6 

49.48 

20 8 

200 

3-64 

0.089 

45-7 

46.11 

21.0 

210 

2.80 

0.0835 

43 - 1 

42.08 

21.2 

220 

1.96 

0.077 

399 

3711 

21.8* 

230 

1. 18 

0.069 

35-9 

31.32 

22.8* 

240 

0.49 

0.060 

31-3 

23 55 

25 - 9 * 

245 

0. 21 



18.00 


350 . 1 

0 



0 


240 

Mills 



24.78 

24.6* 

0 * 4 ° 

Dieterici 



24.32 

25-1* 

1 Misprinted in the original paper by Ramsay and Shields. 
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that the heats of vaporization given are correct to within 2 per cent, 
except as the critical temperature is approached. Nearly always they 
are correct to within 1 per cent. Now as the critical temperature is ap- 
proached, it is true, as shown in the papers cited, that the internal heat 
of vaporization as usually calculated by the use of equation 2, and as given 
in this paper, is too small. But the error thus caused is not nearly great 
enough to account for the great increase in the value of the constant. 




Tabus VII. 

WATER 



i ° c 

i 

dj/dT 

!,. 

; 

10 *E/TX. 

0 

73 

O T 2 T 

I06 5 

565 n 

6.90 

10 

71 94 

O I31 

roq 0 

559 3 

6.8q 

TO 

70 60 

O 1385 

III.'’ 

552 5 

6.87 

SO 

69 10 

<> M 75 

113 8 

545 8 

6.88 

40 

67.50 

O 155 

116 0 

539 2 

6 88 

5” 

65.98 

O 162 

1 18 3 

532 4 

6 88 

60 

64 27 

O l68 

120 2 

525 4 

6 87 

70 

62 . 55 

O I74 

122 2 

518 4 

6 87 

80 

60 84 

O. I79 

124 0 

5 i 1 4 

6 87 

90 

58 92 

<> 183*) 

125.5 

504 • 5 

6 85 

100 

57 15 

O l88 

1 ’7 3 

497 * 

6 87 

1 in 

55 25 

O I92 

128 8 

489 2 

6 87 

120 

53 30 

O I96 

13 ° 3 

481 .0 

6 89 

T.V> 

5 i 14 

O 200 

T v" 0 

472.9 

ft 92 

140 

49 4 1 

O 204 

133 7 

465 0 

ft 9ft 



Table VII i. 

Acetic Acid. 



t ° e 

r 

— dr / dr . 

F . 

i . 

10 4 E/TL 

20 

23 46 



79-17 

.... 

130 

16 18 

0 083 

49.6 

85 09 

H 5 

140 

15 32 

0 085 

50.4 

83.62 

14 6 

150 

14 46 

0 0865 

51.0 

82.37 

14 6 

160 

13 58 

0 088 

51 7 

81 . 14 

147 

170 

12 .71 

0.089 

52.1 

81 85 

14.4 

180 

II.77 

0.090 

52.5 

79 01 

T 4 7 

190 

ro 93 

0 091 

53 1 

77 97 

H 7 

200 

10 05 

0.092 

53*6 

76 72 

14.8 

210 

9. 11 

0 0923 

53 7 

75 32 

14.8 

220 

8.22 

0 0927 

53 9 

73 25 

14.9 

230 

7.28 

0.0930 

54 1 

71.44 

15-0 

240 

6.36 

0.0930 

54 1 

6954 

IS* 1 

250 

540 

0.0930 

54-0 

67.05 

* 5 - 4 * 

260 

4 • 4 ® 

0.0915 

53 * 2 

64.00 

15 - 6 * 

270 

3-59 

0.0885 

516 

60.37 

158* 

280 

2.71 

0.084 

49.2 

55 97 

15 - 9 * 

290 

1 .92 

0.0785 

46.1 

50.32 

16.3* 

300 

1 . 16 

0.0710 

41.8 

42.97 

17 .0* 

310 

0.49 



33 -o 6 


320 

0.32 



18.27 


321.65 

0 

.... 

.... 

0 

.... 
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Table IX “Methyl Alcohol. 


t° c 

7 

—dr/dT. 

E. 

a. 

10 *E/TX. 

20 

23 02 



266.5 


70 

17 64 


.... 

244 4 


80 

l 6 70 

0 0905 

48 6 

238.5 

5-77 

OO 

15 72 

0 093 

495 

232 . 1 

5 87 

IOO 

14 80 

0 0955 

50.4 

225.2 

6.00 

I IO 

13 85 

0 098 

5i 4 

218.3 

6.14 

uo 

12.88 

0 1005 

52.4 

211 0 

6.32 

130 

11 84 

0 103 

S3 3 

203 2 

6 51 

140 

10 79 

0 1055 

S4 4 

195 4 

6 74 

LSO 

9 77 

oc 

0 

c 

SS 4 

185 6 

7 06 

160 

8 65 

0 1105 

S 6 S 

178 2 

7-32 

170 

7 .S3 

0 113 

* S7 6 

168 5 

7 7* 

180 

6 41 

0 1155 

58.7 

158 1 

8 19 

I OO 

5 2 3 

0 1 1 7 

SO 4 

*47 5 

8 70 

200 

4 05 

0 1 17 

SO 4 

*34 9 

0 3* 

210 

2 93 

0.114 

S 8 0 

119 S 

10 05 

220 

1 .80 

0.108 

55-o 

99 6 

11 21 

2 30 

0 77 

0 093 

47 S 

74.6 

12 67 

234 

0.42 



61 .9 


236 

0 27 



54 >4 


24 O O 

0 



0 



r c 

r 

Table X Ethyl 

~ - dr / dT . 

Alcohol 

E . 

> 

\ 0 * E/Ti 

20 

2 2 03 


— 

208 0 

— 

40 

20 20 

0 0873 

47-5 

205 3 

7 39 

60 

*8 43 

O 091 

48 7 

*99 2 

7 35 

80 

16 61 

0 0943 

49 9 

191 6 

7 38 

90 

1563 

0.096 

50 5 

186 6 

7 45 

100 

14.67 

0 098 

51-2 

181.8 

7 55 

IIO 

13-69 

0.0995 

51 8 

174-9 

7 73 

120 

12 68 

0 1015 

52.6 

168 8 

7 92 

130 

11.63 

0 . 103 

53 • 1 

162 . 1 

8 14 

140 

10 59 

0.105 

53 9 

* 55-7 

8 39 

150 

9 52 

0 107 

548 

1493 

8 67 

160 

8 45 

0 1085 

55 4 

1417 

0 03 

170 

7-34 

0.1105 

56 3 

133 6 

9 51 

180 

6 23 

O 112 

57*0 

124 9 

10 1 

190 

5 *3 

O 1 12 

57 0 

114 8 

10 7 

200 

3 99 

O 1105 

50.7 

104.0 

11 . 5 

210 

2 .91 

O . I065 

54 3 

91 .8 

12.3 

220 

1.87 

0. IOO 

51-2 

78.3 

133 

230 

0.91 

0.089 

45-7 

62 5 

145 

234 

0 59 

0 082 


— 


236 

0.43 

0.077 



— 

24O 

0.15 



35-6 



243.1 o 


o 
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For it was further shown that the true heat of vaporization, even in the 
immediate neighborhood of the critical temperature, can be very closely 
obtained by means of two equations, one proposed by Mills and the other 
by Dieterici. Values thus obtained, designated Mills and Dieterici, re- 
spectively, are given in the tables for comparison, and the constant shown 
as calculated from them. Hut one conclusion is possible when the papers 
cited and the results .shown have been studied: The increase in the 
value oj the constant near the critical temperature is not largely due to errors 
in the values of the heats of vaporization used. 

Are then the surface tension measurements m error? The surface 
tensions used were calculated by Ramsay and vShields from the rise of 
the liquid in a capillary tube by means of the formula 

5. y ^2 r - h • £• ( d — D )> 

where r is the radius of the tube, h is the height to which the liquid is 
raised, g is the gravitation constant, and d and 1) are the densities of the 
liquid and its saturated vapor at the temperature of the experiment. 
Since errors in r and g could not thus affect the result, we have only to 
consider the probable size of the errors in h and in d — D. There seems 
no good reason to suppose that large and regular errors were made in the 
determinations of the height of the rise of the liquid in the capillary tube. 
Regarding the possibility of errors in d- D , it is clear that, since d ap- 
proaches I) in value as the critical temperature is approached, errors of 
measurement of the densities will be greatly multiplied near the critical 
temperature in their effect upon y. Hut the well known form of the 
density curves and the law of “rectilinear diameters” aids greatly in 
smoothing out individual errors of observation. The papers of Ramsay 
and Shields do not state from wdiat source the densities were obtained, 
but comparison makes it fairly certain that the measurements for ethyl 
oxide and w'ater (except the densities for these two substances of the 
liquid to ioo°), methyl and ethyl alcohols, and acetic acid were by Ram- 
say and Young, for methyl formate and ethyl acetate by Young and 
Thomas, for benzene, chlorobenzene, and carbon tetrachloride by Young. 
The measurements of these investigators, as is well known, are exceedingly 
accurate and would introduce only comparatively small errors in y, (We 
would note a misprint in the density of methyl formate, liquid at 140°, 
o 7368 for o 7638, also in accordance with Young’s data, carbon tetra- 
chloride vapor at 230° should be o 1232; benzene at 280° .should be 
o 1660; and ethyl alcohol at 200 0 should be o 5568 for the liquid. The 
values for acetic acid have been revised by Young, the only changes of 
significance for our purpose being at 280° where the density of the liquid 
should be 0.6629 and of the vapor 0.0883; and at 320° for the vapor, 
which should be 0.2421. These changes will not affect the character 
of the results shown in the tables.) We conclude therefore that the sur- 



1172 


GENERAL, PHYSICAL AND INORGANIC* 


face tension measurements are fairly accurate and cannot directly cause 
the variation shown in the constant . 

A relatively very large error is introduced in the determination of dy/dT. 
For near the critical temperature — T dyjdT becomes very large compared 
to y and errors in dy/dT affect the constant almost proportionately. In 
determining dy/dT we deal with the difference of measurements of y in 
themselves nearly equal and subject to some individual error. We would 
be inclined to think that with any one substance the error introduced into 
the constant through the uncertainty of the factor dy/dT might be quite 
sufficient to explain the rise in the value of the constant at the critical 
temperature. But there seems no reason to suppose that the error thus 
introduced would always be large and in the same direction, unless there 
is some undiscovered defect in the determination of the surface tension. 
Nor is it reasonable to suppose that the consistently recurring decrease, 
even though it be small, in the value of the constant at low temperatures, 
is to be attributed to chance errors in the measurements. 

The authors therefore conclude that the variation of the constant 
in the relation, E/TX — constant , proposed by Whittaker , is not due to the 
measurements used in testing the relation , but to the fad that the relation is 
only approximately true. * 

With regard to the associated liquids, as was to be expected, the con- 
stant makes no pretense of constancy for the alcohols. But contrary 
to expectation, the constant remains as near a constant for water and 
acetic acid as it does for the non-associated liquids. We have no idea 
of the reason for this behavior. 

It is seldom that any physical relation holds exactly true throughout 
a wide range of temperature. It is therefore quite reasonable to study 
further the relation stated by Whittaker and to seek a possible cause 
for the same. One of the authors in a paper already cited has discussed 
theoretically, and carefully tested by means of the extensive series of 
exact measurements available, the three following equations for the 
internal heat of vaporization : 

2. X = (7-“ — P)(V — v) = 0.043183 (T — P)(V — v) calories. 

6l X ~ fi'(*ld — W) calories. 

d T d 

7. X = CRT In f, =* 4.77 C — log — calories. 

Equation 2 is the thermodynamical equation already mentioned. 
In obtaining the constant the pressure is expressed in millimeters of 
mercury, and v and V are the volumes occupied by a gram of the liquid 
and of its saturated vapor. 

In equation 6 / is a constant for any particular non-associated liquid, 
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d is the density of the liquid, and D is the density of the saturated vapor. 
The values of /*' for the substances studied in this paper are given in Table 
XI. The equation was deduced theoretically by Mills from assumptions 
regarding the molecular attraction and has been extensively studied 1 and 
would seem to be exactly true for normal non-associated liquids. 

In equation 7 C is a constant for any particular substance, having 
approximately the same value, 1.755, for all normal non-associated 
liquids, R is the usual gas constant, and d and D represent densities as 
before. The values for C are given in Table XI. The equation was 
first proposed as an empirical equation by Dieterici 2 and has been further 
studied by Richter 8 and by Mills. 4 

Inserting the values of E and k from equations 1 and 2 in equation 
3, we get, 

_ dy 

r ~ T dT 

8. - -. *» constant, 

; dP 

* TiT d - - P){V - v) 

as the form of the relation already studied. Now if it were possible to 
get the limit of this equation at the critical temperature a further test of 
its truth could be applied. This does not seem possible with our pres- 
ent knowledge, j probably falls out and T cancels, leaving 

as the indigestible form of the equation. The combination of the equa- 
tions 1, 2 and 3 under approximate conditions has been studied by Klee- 
man in the papers cited. 

Next combining the relation given in equation 6 with that of Whit- 
taker we obtain, calling the constant of Whittaker's relation k, 

9 . £ = kp'T(1d— W). 

The values of Ay. 1' are given in Table XI, though we have as yet been able 
to draw no conclusion from their product. That the surface energy of a 
liquid should be proportional to the product of the absolute temperature 
and the difference of the cube roots of the densities of the liquid and 
vapor is very suggestive. For it has been shown in the papers by Mills 
already cited that equation 6 expresses a relation between the molecular 
attractive forces, and that this relation leads to the conclusion that 
fi f lid is the energy necessary to overcome the molecular attraction in pulling 

1 J. Phys. Chem , 6, 209 (1902); 8, 383 (1904); 8, 593 (1904); 9, 402 (1905); io, 
1 (1906); 11, 132 (1907); 594 (1907); 13, 512 (1909)* This Journal, 31, 1099 

(1909)- 

* Ann . Physik , 12, 144 (1903). 

8 “Ueber die itmerer Verdajnpfungswarme/' Rostock, 1908. 

4 This Journal, 31$ 1099 (1909). 
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the molecules of a liquid apart to an infinite distance. Similarly fi r W 
would represent the energy necessary to pull apart the molecules of a 
vapor to an infinite distance, the temperature of the vapor remaining 
constant. Now the so-called liquid surface is really the resultant of 
two surface layers, the one of the liquid and the other of its vapor, in 
contact, with oppositely directed forces. Hence it would seem that the 
total surface energy of a liquid, as usually so-called, can be divided into 
two parts, one part due to the liquid E L and the other part due to the 
vapor over the liquid E v , the resultant forces being oppositely directed 
and the surface energy of opposite sign from the standpoint of a surface 
molecule. We can then write the equations : 

10. E l - K'TU 

11. E v - K'TW. 

12. E l — E v = E = K'T(Td — W). 

Perhaps equations io, ji, and 12 do not express a point of view en- 
tirely new so much as they serve merely to add emphasis and give a 
quantitative expression to a fact already well known , 1 namely, that the 
nature of the surrounding gas influences the surface tension. It would 
seem from the suggested equations that perhaps the amount of such 
influence has been greatly underestimated. / 

It would seem probable that if equations 10, 11 and 12 are true, the 
surface tension as usually measured should similarly be capable of divi- 
sion into two parts, one part due to the liquid surface, the otEerpart 
due to the gaseous surface over the liquid. Such a process of division 
might result in finding simpler and more accurate relations between the 
surface tension and other quantities. Search by one of us for the proper 
modification to be applied to the liquid surface tension as usually meas- 
ured in order to eliminate the effect of the vapor has apparently met 
with success, and if a full investigation confirms the results already de- 
rived the investigation will shortly be published. 



Tabus XI. 

Molecular weight 

VI fi' 

r 

io*e/tx 

l0 4 Jk 

IOVA; 

\o*Ck 

Ethyl oxide 

. . 74.08 

103 76 

1 724 

20 56 

2132 

3544 

Carbon tetrachloride . 1538 

44 01 

1 667 

38 00 

1672 

<*335 

Benzene 

.. 78-05 

109 26 

1 .690 

19 42 

2122 

3282 

Chlorobenzene. . . 

• • II* 49 

81 66 

1 714 

21 U) 

1730 

3 f> 3 » 

Methyl formate . 

. . 60 032 

1 19 86 

1 706 

21.44 

2570 

3657 

Ethyl acetate . . 

. . . 88 . 064 

98.88 

1 .812 

20 61 

2038 

3735 

Water 


555 ■ »* 


6 85 

3802 


Acetic acid 




* 4-74 



Methyl alcohol . . 

32032 

305 0* 


5-88* 

1794 


Ethyl alcohol . 

... 46 048 

240 9* 


7.42* 

1787 



1 See paper by Ramsay and Shields already cited, page 666, and similar deter- 
minations by others. 

* Not constant. 
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If the value of k from equation 7 be used in the equation 3 proposed 
by Whittaker we have 

,_ 9T d 

13. E = kCRT 2 lnjj . 

The value of the product io*C'k is given in Table XI, but we can draw 
no conclusion of interest from the result. Equation 7, as has been shown 
in the papers cited, is not exactly true at very low vapor pressures for 
the liquid, but the error is probably not so great as one calorie for any 
of the non-associated substances over the entire range of temperature 
covered by the present investigation. The errors introduced by equa- 
tion 7 are therefore far less than the errors of equation 2 with which 
it was combined. 

Equation 13 is similar to equation 9 in its suggestion of a division of 
the total surface energy into two parts, one due to the liquid and the 
other due to the vapor. The resulting equations can be written, 

14. E L - K'RT* In d t 

15. E v = K"RT 2 lnD , 

16. E l — Ey = E - K"RT- In 

where K n = Ck. These relations will also be further studied. 

In conclusion, we differ from the arguments and conclusions advanced 
in the papers by Kleeman already cited at many points, but we would 
call particular attention to but two things : First. — In the investigation 
of the inverse fifth power law of the molecular attraction 1 he uses data 
from the papers already cited on molecular attraction by Mills. He 
ignores the fact that in those papers it has been shown that the assump- 
tion of the inverse square law of the distance gives a consistent agree- 
ment with the data over the entire range of temperature, not only for 
the substances that he investigates but for numerous others. Also 
when the results within 20° of the critical temperature are left out of 
consideration Kleeman obtains a consistent decrease of about 25 per 
cent, in his results at different temperatures. If the attractive force 
did not vary with the temperature, the greatest allowable variation 
from the mean to be attributed to the usual errors in the data should be 
2 per cent., and we have shown that the inverse square law gives results 
within this limit — and usually far within this limit — for eight substances 
investigated gave no divergence from the mean greater than 1 per cent. 

Second . — To explain the variation he obtains, Kleeman thinks that the 
force of attraction may diminish with rise of temperature. The papers 
by Mills as cited find that as regards the molecular attraction all of the 
evidence disproves this position, and as regards the chemical attraction, 

1 Phil. Mag. t iq , 795 (1910) 
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the possibility of a change of attraction with temperature was further 
especially considered in a paper on chemical energy, 1 and no evidence 
whatever for such a belief was found ‘n the case investigated. 

Summary. 

1. The relation proposed by Whittaker that “The surface energy of a 
liquid in contact with its own vapor at any temperature is proportional 
to the product of the internal latent heat and the (absolute) tempera- 
ture” has been investigated and the conclusion drawn that the relation 
is only approximately true. 

2. The relation is shown to suggest a division of the so-called surface 
energy of a liquid into two parts, one part due to the liquid surface and 
the other to the surface of the vapor over the liquid. Further 
investigation of this suggestion is promised. 

Chapel Hill, N. C. 


[Contribution from the Chemical Laboratory of Harvard University.] 

THE ADIABATIC DETERMINATION OF HEATS OF SOLUTION OF 
METALS IN ACIDS. 

PART II. THE HEAT OF DILUTION OF THE ACID SOLUTIONS. 

By Theodore W. Richards, Allen W. Rowk and L. l. Burgess. ^ 
Received July 8. 1910. 

Introduction. 

An account of a new series of determinations of the heat of solution of 
five metals in fairly concentrated acids was published in a recent num- 
ber of This Journal. 2 There it was shown that the heats of dilution, 
both of the acids and of the residual solutions after the reactions had 
been completed, affect the result much more than has usually been sup- 
posed. It was made clear that the actual results of the heats of solution 
of the metals in fairly concentrated acids must receive large corrections 
in order that they may all be reduced to the common standard of the heat 
of solution of the metal in the theoretical amount of acid of the standard 
dilution HC1.2OoII 2 0. The actual attainment in a single experiment 
of this theoretical result is not possible because the completion of the 
reaction of the theoretical quantities would require an exceedingly long 
time, and therefore could not be measured with precision in the calorim- 
eter. 

As an example of the correction of the results, the case of zinc may be 
cited. In a single experiment 7 496 grams of pure zinc were dissolved 
in 941 . 4 grams of acid of the concentration HC1.2oH 2 0, and in the process 
3461.0 calories of heat were evolved. This amount of zinc is 0.11467 
gram atom, and the solution actually in the calorimeter contained 2.372 

^ 1 Trans. Am. Electrockem. Soc., 14, 35 (1908). 

^ * Richards and Burgess, This Journal, 32, 431 (1910). 
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gram molecules of hydrogen chloride. Accordingly the actual reaction 
in the calorimeter was as follows: 

0.11467 Zn 4- 2.372 (HC1.2 oH 2 0) = 0.11467 H a + (0.11467 ZnCl 2 + 
2.143 HC1 4- 47-44 H 2 0) -f 3461 calories. 

On multiplying this equation by 8.721 in order to find the amount of 
heat evolved by the 'solution of 1 gram atom of the metal, the fpllowing 
equation is obtained : 

Zn + (20.69 HC1 4- 414 H 2 0) = H 2 4- (ZnCl 2 + 18.69 HC1 + 414 H 2 0) 
(x = 30183 calories or 126.8 kilojoules). 

Thus a very large excess of acid was used. The following additional 
equations (analogous to those already given on page 134 of the article 
just mentioned) are necessary in order to reduce the result to the more 
generally useful equation: 

Zn 4- 2(HC1.2 ooH 2 0) = ZnCl 2 4OoH 2 0 4- H 2 4- Q kilojoules. 

In the first place the heat evolved by the dilution of all the hydrochloric 
acid is needed, in the next place the heat of dilution of all the residual 
solution, and finally the heat of mixture of dilute solutions of zinc chlo- 
ride and hydrochloric acid. These are given in order below: 

20 69(HC1 4 - 2OoH 2 0) 4- 3724H 2 0 - 2o.69(HO 4 - 20oI1 2 0) 4- y kj. (2) 
(Zn0 2 4- 18.69 HO 4- 414RP) 4- 3724ILX) *= 

(ZnCl 2 4- 18.69HO 4- 4i38H 2 0) 4- 2 kj. (3) 
(Zn0 2 + 4OoH 2 0) + 18 691 (HO 4- 2ooII 2 0) « 

(Zn0 2 4 18.69HO 4* 4i38H 2 0) 4- q kj. (4) 
From these equations, by simple elimination or cancellation, the de- 
sired result is easily found to be as follows: 

Zn 4- 2 (HO . 2ooH 2 0) = H 2 4- ZnO a . 4ooH 2 0 4- 126.8 — y j- 2 — q kj. 
Therefore the quantity sought, Q = 126. 8kj. 4- ( z — y) — q. It will be 
shown that the quantity q is zero in all the cases under consideration, 
hence it is clear that the ideal value for the heat of solution of the metal 
in dilute acid is to be obtained by adding to the heat of solution in con- 
centrated acid the difference between the heat of dilution of the mixture 
remaining after the reaction and heat of dilution of all the acid originally 
taken. The fact that the quantity ( z — y) is a difference of similar quan- 
tities obtained in precisely the same way greatly increases the ease of 
determining it accurately, for any systematic errors in y would appear 
also in 2, and hence be eliminated from the result ( z — y). 

Similar sets of equations with the appropriate concentrations of acid 
must be used in the cases of aluminium, cadmium, and iron. In the case 
of magnesium, in which the proper concentration (HC1 . 20oH 2 0) of hydro- 
chloric acid had been used in the first place, only one of these equations, 
that corresponding to (1) above, is necessary. Thus, in order to reduce 
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the results given in the preceding paper to the same standard, eleven 
series of experiments on heat of dilution must be made, in order to deter- 
mine the quantity y for two strengths of acid, the quantities z and q in 
four of the cases, and the quantity q in the fifth. 

Before beginning the experimental work, two theoretical questions 
of great importance face the experimenter, namely, first, the question 
as to the temperature at which these dilutions should be conducted, 
and, secondly, the further question as to the heat capacity (whether 
that of the factors or that of the products) which should be used in the 
calculation of the several heats of dilution. These questions are connected 
with one another, and may be answered together. 

At first it might be supposed that the heat of dilution of the hydro- 
chloric acid should be measured at the initial temperature of the main 
reaction (namely, about i6°) because this is the only temperature in 
the process at which the acid solution exists unchanged. This interpre- 
tation is nevertheless illusory and erroneous. Although the main reac- 
tion of acid on metal takes place over the range from 16 to 20 °, the re- 
sult as calculated from the heat capacity of the factors corresponds to 
the heat given out by the reaction conducted isothermally at the final tem- 
perature of 20°. 1 * 

In thermochemical work precision in reasoning is only attained when 
all the data are reduced to an isothermal basis. Hence it is clear that ail 
the dilutions must be conducted in such a way as to correspond tt> this 
same isothermal standard of 20 °. This end may be effected in either of 
two ways: the dilution may be started at 20 °, and the heat capacity of 
the product used in the calculation, or the dilution may be arranged so 
as to finish at 20 0 and the heat capacity of the factors used in the calcula- 
tion. The latter method was used, because it was somewhat more con- 
venient. Attention should perhaps be called to the fact that for the 
sake of ideal consistency, the specific heats used in the.se calculations 
should correspond to the small range of a few tenths of a degree just be- 
low 20 0 , and not to the whole range from 16 to 20 °. This subtlety, 
however, may be safely overlooked in the present case, as the slight error 
which thereby arises in the individual data will appear in all, and will 
hence be cancelled in the final calculation of the quantity (2 — y). More- 
over, because in the results to be tabulated, nine-tenths or more of the 
heat capacity was due to pure water (obviously, the chief factor in the 
dilution experiments) a large error in the specific heat of the concentra- 
ted solution produces very little effect on the result. Accordingly, the 
specific heats already given for the two acids, HC 1 . 8 . 8 o 8 H 2 0 and HQ 
20.00 HjO — namely, 0.7312 and 0.8486 — were used in the calculation. 

1 Richards, This Journal, 25, 209 (1903). 
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Calorimeter for Dilution Experiments. 

For determining the heats of dilution of the acid liquids, that is to say, 
the parallel quantities y and 2, special apparatus was needed. We em- 
ployed for this purpose a device essentially similar to that used by Rich- 
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ards, Henderson, and Forbes in a previous investigation. 1 In this ap- 
paratus the concentrated solution was enclosed in a receptacle partly 
immersed beneath the water in the calorimeter ; when both liquids had 
at taine d exactly the same temperature, the inner vessel was put into con- 
nection with the outer, and by suitable stirring the fluids were mixed. 

The special form of apparatus used in this case was slightly different 
from that employed in the previous investigation. It is shown in the 
accompanying diagram. The inner vessel consisted of a platinum cylinder 
wholly open at the top, and having a small opening in the^bottom. It was 
suspended on stout platinum wires, connected with thin hard-rubber rods 
above. The hole in the bottom was stopped by means of a small rubber 
stopper, the handle of which projected through the cover of the calorim- 
eter. The inner vessel was filled with the solution to be diluted, and a 
small hand-driven propeller (made by sealing pieces of platinum foil 
to the sides of a thin-walled glass tube) served to stir it. The calculated 
amount of water was placed in the outer calorimeter, and the apparatus 
was adjusted to the position shown in the diagram. The thermometer 
was a new, very carefully calibrated instrument with degrees 10 centi- 
meters long. When it had attained constancy after a prolonged stirring 
of both liquids, the plug was pulled out, and the inner platinum vessel 
lowered until it was entirely immersed in the water, the acid being free 
to escape both above and below. The liquid in the innner platinum 
vessel was then easily mixed with the water outside, because the outer 
stirrer, consisting of two rings of stout platinum foil with a vertical stroke, 
forced the liquid backwards and forwards through the inner cylinder 
after the fashion of a pump. The whole calorimeter vessel was enclosed 
in a larger copper vessel, nickel-plated inside and provided with tubes 
above for the stirref, thermometer, and actuating mechanism. This 
11 submarine" apparatus was surrounded by a concentric jacketing ves- 
sel, containing dilute alkali to which was added sulphuric acid at such a 
rate that the outer temperature exactly kept pace with the inner. The 
heat capacity of all the platinum parts, the rubber stopper, and the ther- 
mometer were equivalent to a sum total of 15.37 grams of water. The 
heat evolved by the stirring apparatus in the inner calorimeter was de- 
termined as a part of each experiment. The rate of the motor was such 
that it was usually sufficient to raise the temperature of the calorimeter 
at a rate of 0.004° in 10 minutes, the maximum time of the experiment. 
The correction is duly applied in each case for this extra heat. 

There follow the experimental results for the heats of dilution of the 
two more concentrated solutions of hydrochloric acid. This table ex- 
plains itself and presents no obscure features. Incidentally it may be 
remarked that the heat of dilution of HC1.2oH 2 0 at 16 °, four degrees 
1 Proc. Am, Acad,, 41, si (1905)* 2, physik. Chetn ., 52, 560 (1905). 
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lower than that mentioned in the table below, was also determined and 
found to be not far from seven per cent, less than the values given below. 
These results, however, do not concern the present investigation, and 
will be published in another connection. 

Heat of Dilution of Hydrochloric Acid at 25 °. 


Expt 

No. 

Reaction 

measured 

Temp of 
exper- 
iment 

Correct- 
ed rise 
of temp- 
erature. 

Heat 

capacity in 
Cal./t® 
units. 

Average 

energy 

change, 

Cal. 

Energy 
change for 
1 mol. HCI 
in large 
Calories. 

I 

130 0 grams HCI 

IQ .88 

0.152 


• 


2 

2o.H 2 0 -f 1062 5 

*9 93 

0 153 

1188. I 

181 .5 

0.556 

3 

grams H a O 

19-93 

0 153 




4 


19 93 

0 153 




5 

60.0 grams HCI 

19 8 

0365 




6 

8.8H a O 4 - 1059 

19.8 

O.366 

IIl8 3 

4082 

1 330 

7 

grams H a O 

19.8 

O.366 




8 


19.8 

O.366 





The numbers given in the last column of the foregoing table indicate 
that when to HC1.2oH 2 0 is added i 8 oH 2 0 , 0.556 Calories of heat are evolved 
at 20 0 , and that when II Cl. 8 8 iH 2 0 is diluted with i9i.2H 2 0, 1.330 
Calories are evolved. For use in calculating the value y in several equa- 
tions, these numbers must of K course be multiplied by the number of moles 
of hydrochloric acid concerned in the actual reaction. For instance, 
in the case of zinc one gram atom of the metal was dissolved in a solu- 
tion containing 20 69 moles of HC1.2oH 2 0. Therefore y in this case 
equals 0.556 X 20 69 or 1 1.5 Calories. Other factors are obviously nec- 
essary in the other cases; these factors will be named later- 
The preliminary experiments with the solutions left in the calorimeter 
after the metals had been dissolved in the acid showed that considera- 
ble change in the heat of dilution is caused by the presence of the metal 
instead of hydrogen, which it had displaced. Thus the heat of dilution 
of the solution containing zinc was found to be over o 08 0 more than 
the hydrochloric acid and the aluminium a few thousandths of a degree. 
On the other hand, the heat of dilution of the solution containing cad- 
mium was less than that of the hydrochloric acid from which it was made 
by about 0.02° and the ferrous chloride solution remaining from the 
experiment with iron showed a very slight difference indeed, when com- 
pared to the pure acid. These results show that the heats of dilution 
may be a very serious factor in the result, and that they must therefore 
be determined with the greatest possible care. The next table records 
these very careful experiments, giving the heats of dilution of the mixed 
solutions remaining after the reaction, solutions which still contained a 
large excess of hydrochloric acid, but also a small amount of the dis- 
solved chloride of the metal. These determinations were made in pre- 
cisely the same way, as nearly as possible, as the experiments with pure 
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hydrochloric acid. The same part of the thermometer was used, so 
that undetected errors in calibration, if present, would be automatically 
cancelled from the final result. 

The dilution of the ferrous chloride solution presented some difficulty, 
owing to its tendency to oxidize. Obviously, results obtained with a 
solution which had oxidized either before or during the dilution experi- 
ment would be worthless. To prevent the solution from oxidizing be- 
fore use, it was prepared in a flask connected with a hydrogen generator 
and fitted with a siphon and a delivery tube. In this way an atmosphere 
of hydrogen was maintained above the solution, and no oxidation could 
occur. The end of the siphon was kept under toluene, and the first por- 
tion discharged always rejected. During the experiment the surface 
of the liquids, both in the platinum container and in the calorimeter can, 
were covered with a layer of toluene, which sufficiently prevented ac- 
cess of air during the brief time of the experiment. The water used was, 
of course, boiled to free it from dissolved air. The toluene was first 
weighed into the inner platinum vessel and then the end of the siphon, 
which was drawn out to a long capillary, was inserted below the surface 
of the toluene and the ferrous solution allowed to run. When carried 
out in this fashion, the solution contained only the merest trace of ferric 
salt previous to the mixing, and after the mixing had been accomplished 
there was no appreciable increase, as estimated by colorimetric com- 
parison, with sulphocyanate. 

In order to calculate the heat of dilution the heat capacity of the two 
liquids being mixed must be known. One of these is pure water, the other 
a solution of hydrochloric acid containing a small amount of metal. From 
the results of Marignac it seemed probable that the substitution of the 
small amount of metal for some of the hydrogen in the acid would not 
have a very great effect upon the heat capacity of a given quantity of 
the acid. From his results it is apparent, for example, that the con- 
version of 2(HC1.25H 2 0) into SrCl 2 .5oH 2 0 causes a change in heat capac- 
ity of only about i per cent. Data in other casts are lacking, but this 
case may be taken as typical. 1 In order to make assurance doubly sure, 
however, the case of zinc (which gave the most divergent results) was 
tested with great care. 636 grams of HC1.2oH 2 0 were treated with about 
5 grams of zinc. When the solution was complete, the specific heat of 
the resulting mixture was found by two very concordant results to be 
0.8575. Hence the heat capacity of the total amount taken was 641 X 
0.8575 ** 549 “calorie units.” The acid from which the solution was 
made had a heat capacity of 540. Thus there is a gain of heat capacity, 
owing to the substitution of zinc for hydrogen, of less than 2 per cent. 
Clearly this is a change too small to have any serious effect upon the re- 
■ , k * Ann. chim. phys £5] 8, 410 (1876). _ 
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suits of the heat of dilution; for the greater part of the heat capacity in 
dilution experiments is due to the water and not to the much smaller 
bulk of acid solution. An error of 2 per cent, in the heat capacity of the 
zinc solution would cause only o 2 per cent, in the total heat capacity — 
a range of accuracy beyond one’s ability to read the thermometers con- 
cerned in determining the heat of dilution. Because the most divergent 
case was that of zinc, it seems clear that no important error would be in- 
troduced by assuming that the heat capacity of the solution in all the 
other cases is equal to that of the hydrochloric acid from which the solu- 
tions were made. In yet more accurate work this point would demand 
consideration. 


A table containing four series of experiments wth these residual liquids 
is given below : 

Heat oe Dilution of Final Solutions. 

Energy 
change for 

Initial Corrected Heat i gram atom. 


Expt 

No 

Reaction measured. 

temper- 
ature of ex- 
periment. 

rise 

of temp- 
erature 

capacity 
in Cal./t° 
units. 

Energy 

change, 

Calories 

of chlorine 
in large 
Calories. 

II 

125.0 grams of zinc 

19-95 

O.238 0 




12 

soln 4- 1013. 7 grams 

19 94 

0 238 




13 

of water 

19 99 

O 240 

- 1136 

O.2715 

0.868 

H 


1994 

0 239 




*5 


IQ 96 

0.240 




16 

125 grams alumin- 

19 94 

0.156 1 




*7 

ium soln. 4' 1020 9 

19 92 

0.156 




18 

grams water 

19-95 

0 156 

\ ”42 

0.1784 

0.567 

19 


19.94 

O 156 




20 


19 96 

0 157 . 




21 

60 grams cadmium 

19 90 

0 346 ] 




22 

soln. + 1043.4 grams 

11 94 

00 

-<t- 

c 





water 

19 93 

0 348 

1102 

O 3824 

1 262 

24 


19 93 

0.347 




25 


19.94 

0.348 J 




26 

60 grams ferrous 

19 94 

0.368 




27 

soln. 4- 1049.7 grams 

19-93 

0.369 




28 

water 

19.94 

0 . 368 

► 1109 

O 4081 

1 339 

29 


19.94 

0.367 




30 


19 94 

0.367 J 

1 




The data given in the last column of this table are used for the calcu- 
lation of the quantity z } by multiplication with the appropriate factor. 
In the case of zinc, this factor is, as before, 20.69, because 20.69 mole- 
cules of hydrochloric acid were present for each atom of zinc. The other 
factors are given below in the next table. 

The marked differences between the heats of dilution of the solutions 
containing small amounts of zinc and aluminium, but otherwise alike, 
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is very interesting. The correspondence with the preliminary results 
is very dose. 

It is not necessary to give the full details of the careful experiments 
indicating the complete absence of heat of mixture of (V w MCl n ) 20oH a O 
with an excess of HC1.20oIl 2 0. Ten experiments of this kind were 
made, two with each of the chlorides of zinc, aluminium, magnesium, 
cadmium, and iron in place of MCl n . Exact weighing was not necessary 
in these cases because a slight excess of one or the other reagent would 
have a vanishingly small effect, since the total change to be measured 
was found to be imperceptible. In no case was a perceptible evolu- 
tion of heat observed in these reactions. Hence the quantity q in the 
previous equations became o in each case, as has been already stated. 

Calculation of Final Results. 

The various data concerning dilution may now be applied to the heats 
of solution of the metals in concentrated acids, thus computing the theo- 
retical value of the heat which the reactions would evolve in each case, 
provided that the metal were dissolved in just enough HC1 -f 2OoH 2 0 
to effect its complete solution, giving a product free from excess of acid. 
In order to accomplish this, there must be in each case subtracted from 
the value of the heat of solution actually observed for a gram atom of 
metal, the heat of dilution of the hydrochloric acid employed under 
the experimental conditions to act upon a gram atom of metal ; and there 
must be added to the result the heat of dilution of the corresponding 
quantity of residual solution. The following table indicates the num- 
ber of moles of acid corresponding to a gram atom of metal, the data 
being taken from the record of the experiments already given in the 
previous paper: 


Molecular Proportions op Acid and Metal. 


Gram 

Gram mols. of 
Fraction of molg. acid for each 
Weight Atomic gram atom of acid gram atom 
of metal. weight. present. present. of metal 

Zinc 7-496 65.37 0.11467 2.372 20.69 

Aluminium 0.747 27.1 0.02756 2.372 86.06 

Magnesium 0849 24.32 0.03492 

Cadmium 14983 112.32 0.13328 5. 038 37.80 

Iron 9.000 55 85 0.16114 5 037 31.26 


The values given in the final column of this table are the factors needed 
in order to calculate the values of y and z from the values given in the 
last columns of the two preceding tables respectively. 

The values for y and z calculate^ in this way from these data for each 
of the four metals, zinc, aluminium, iron, and cadmium, are given in the 
following table: The table contains the values for x, the heat of solu- 
tion of the metal in the excess of concentrated acid (repeated from the 
.previous paper); and also the final result sought, x + (* — v): 



DETERMINATION OE HEATS OF SOLUTION OF METALS. Il8«j 


% y z acfft— y) Thomsen’s 

Metal concerned. In Calories, in Calories, in Calories, in Calories. values. 

Zinc 30.18 11.50 17.94 36.6 34.2 

Aluminium 126 o 47.81 48.8 127 o 115.0 

Magnesium no 15 o o no.i5> 108.7 

Cadmium 19 .77 50.27 47. 70 17.2 17.6 

Iron 20 55 41.57 41.85 20 8 21.3 


Thus the new values for the heats of reaction sought are as follows: 

7m + 2HCI aq ~ ZnCl 2 aq 4 H 3 4 36.6 Cal. or 153. 1 kilojoules. 

A 1 f 3HCI aq — AlCLj aq 4 3/2H 2 4- 127 o Cal. or 531 kilojoules. 

Mg 4 2IICI aq — MgCl 2 aq 4- 1I 2 -I 110.2 Cal. or 460.6 kilojoules. 

Cd 4 2HCI aq — CdCl, aq 4 H 2 -I T7 2 Cal or 71.9 kilojoules. 

Fe 4- 2HCI aq = FeCl 2 aq 4- H 2 4 20.8 Cal. or 87.0 kilojoules. 

The comparison of the new’ results with Thomsen’s values given in the 
last column shows that the new results differ in some cases considerably 
from the old value. These differences are to be explained partly by the 
defect in Rumford’s method of correcting for cooling, as used by Thom- 
sen, and partly by his having omitted to add to his results the excess of 
the heat of dilution of the product over that of the pure acid solution. 

It is apparent that the present lesults are not all equally accurate. 
In the case of magnesium the result is obtained directly without the 
necessity of applying any correction for heat of dilution. It is therefore 
decidedly more certain than the others. In the case of zinc the individual 
values of the quantities x and y are not large, and supposing these values 
to be known within one per cent., the error of the final result probably is 
not more than o 13 Calorie, or half of 1 per cent. In the case of alumin- 
ium the values y and 2 are larger in actual magnitude, but not larger 
in proportion to x, therefore the probable percentage error is about the 
same. In the ca.se of cadmium and iron, the percentage of accuracy 
of the determination of y and z is greater because the change of tempera- 
ture involved is greater, but the very large magnitude of each of these 
quantities (distinctly larger than that of the main reaction) more than 
neutralizes this advantage. 

One favorable circumstance already alluded to mitigates considerably 
the damaging effect of these difficulties, namely, the fact that y and z 
are always opposite in sign and nearly equal in magnitude. Because 
they were observed in precisely the same way under almost similar con- 
ditions, it is reasonable to suppose that the same error, if any, applies 
to both, and that therefore the error would be eliminated. 

In order to obtain better results, it would be necessary either to dis- 
solve the metal in a much smaller quantity of less concentrated acid, so 
that the values y and z should be smaller, or else to observe with greater 
accuracy than was possible with any means of thermometric measure- 
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ment at our disposal the heats of dilution of the several solutions. The 
purity of the metals used preventing the employment of a less concen- 
trated acid because of their slow rate of solution, the latter alternative 
is perhaps the easier of the two. It is hoped in the near future that the 
experience gained in this research may be applied in a more complete 
manner. In the meantime the results here given must be looked upon 
as merely preliminary. At least it is hoped that the present papers 
have succeeded in putting the subject of the heats of solution of metals 
upon a sound scientific basis, to which the future can add nothing more 
than perfection of detail. 

In conclusion, it is a pleasure to express our indebtedness to the gener- 
osity of the Carnegie Institution of Washington for pecuniary assistance. 

Summary. 

There follows in a few words a statement of the outcome of this paper : 

1. The heats of dilution of the acids HC1.2oH 2 0 and HCl.8.808 to 
HC1.2ooH 2 0 were determined. The results are 0.556 and 1.330 Calo- 
ries (2.32 and 5.56 kilojoules) respectively. 

2. The heats of dilution of the several products obtained by dissolv- 
ing four metals in excess of concentrated acid were determined. The 
substitution of salt for acid was found, especially in the casesf of zinc 
and cadmium, to affect seriously the heat of dilution. 

3. From these data the heats of solution of a gram atom of the several 
metals in exactly the theoretical quantity of HC1.2ooH z O have been 
calculated as follows : 

The Heat of Reaction of Metal on HC1.2ooH 3 0 Calculated for i Gram Atom 

of Metal. 

Heat of reaction Heat of reaction 


Metal. in 18 0 Calories. in Kilojoules. 

ZitlC 36 6 153 I 

Aluminium 127.0 531 .0 

Magnesium no. 2 460.6 

Cadmium 17.2 71.9 

Iron 20.8 87.0 


[Contributions from the Havembyer Chemical Laboratory, New York Uni- 
versity.] 

THE INCONSTANCY OF THE SOLUBILITY PRODUCT . 1 

By Arthur E. Hili,. 

Received July 11. 1910. 

The various assumptions made by Nernst 2 and A. A. Noyes 3 in their 
earlier investigations on the solubility of electrolytes have been subjected 

1 Presented before the New York Section of the American Chemical Society, 
June io, 1910. 

• Z. physik. Chem ., 4, 372 (1889). 

8 Ibid., 6 t 241 and subsequent papers. 
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to careful scrutiny by their many successors in this field of work. As 
in the case of most pioneer work done in theoretical chemistry, it has 
here developed that many of the assumptions have been too broad, and 
that they must be subjected to considerable modification if they are to 
be adopted as a basis for the quantitative study of solutions of electrolytes. 
Of these original assumptions, two have been almost entirely displaced 
from the minds of chemists. The belief in the constancy of the concentra- 
tion of the undissociated molecules of a c^ssolved electrolyte in equilibrium 
with its solid phase was shown to be untenable by the experimental work 
of Arrhenius , 1 which proved beyond question of doubt that this concen- 
tration diminishes as the total concentration of salts present is increased. 
In a like manner, the simplifying assumption that the degree of dissocia- 
tion is independent of the presence of other electrolytes can no longer 
be made against the experimental evidence which has been accumulated 
by Arrhenius , 2 MacGregor, McIntosh, Archibald and McKay , 3 and most 
recently by vSlierrill , 4 all of which makes it reasonably certain that the 
total concentration of electrolytes present is here also a determining 
factor. 

Of these early assumptions, that of the constancy of the solubility 
product seems to be the one from which there has been least dissent. 
It is incorporated in the majority of our elementary text-books as a con- 
venient help in the explanation of solubility relations, and has not lacked 
advocates even within recent years. Stieglitz * 5 has recalculated the ex- 
periments of Arrhenius, and finds that by assuming the degree of disso- 
ciation to be in accordance with Arrhenius’ isohydric principle, it is possi- 
ble to find a satisfactory constancy for the solubility product, which, he 
maintains, we may well consider for the present to be an approximate 
empirical principle, in the absence of theoretical grounds upon which it 
may stand. Such a theoretical basis Washburn 6 considers to exist in 
the laws of osmotic pressure, developed with reference to “ normal solutes,” 
and “ideal solutions.” 

Direct experimental proof of the constancy of this value can hardly 
be looked for, since the concentration of the ions of the solute cannot 
be directly measured, the calculations based on solubility experiments 
are complicated by the necessity of making other assumptions as to the 
state of dissociation and the concentration of undissociated molecules. 
On the other hand, there already exists, in the solubility experiments of 

1 Z. physik. Chem., 31, 224 (1899). 

a Ibid., 2, 284 (1888); 31, 218 (1899). 

* Trans. Nova Scot. Inst. Set., 9-10 (1895-1899). 

4 This Journal, 32, 741 (1910). 

* Ibid., 30, 946 (1908). 

8 Ibid., 32, 487 (1910); 32, 669 (1910). 
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Cameron 1 and of Hill and Simmons , 2 good reason for the belief that the 
product of the ions diminishes in value with increase in total concentra- 
tion of electrolytes. Cameron noted that the solubility of gypsum was 
increased by addition of sodium chloride up to a certain concentration, 
beyond which it suffered a decrease; the same phenomenon was found to 
occur when silver sulphate was acted on by nitric acid solutions . 2 In 
both these cases, we should expect a continuous increase in solubility, 
due to the formation of new compounds by chemical interaction. This 
factor would be opposed by a small decrease in the amount of undissocia- 
ted salt present, as Arrhenius ’ 3 experiments clearly prove. This latter 
factor, however, could not be expected to counterbalance the increase 
caused by chemical action, since the quantity of undissociated salt is 
practically negligible in the case of highly dissociated substances such as 
gypsum and silver sulphate. In order, therefore, to account for the 
diminution in total solubility, we must assume that the ions of the solute 
have been lessened in concentration, and that the solubility product ac- 
cordingly has been diminished in value. 

The preceding experiments do not permit any calculations as to the 
value of the solubility product without the use of the other complicating 
assumptions. In the belief, however, that the qualitative cfiscyssion 
above was correct in principle, other experiments have been conducted 
in which, without the addition of any common ion, the solubility of cer- 
tain salts has been so diminished in the presence of other electrolytes as 
to prove conclusively, without the introduction of assumptions as to the 
degree of dissociation or the concentration of undissociated salt, that 
the solubility product is not a constant, but diminishes in value in the 
presence of other electrolytes. 

In selecting material for the experiments, such pairs of electrolytes 
were chosen as would be expected to show least chemical interaction, so 
that the increased solubility due to this action might cease to be the de- 
termining factor at a low concentration. Thallous chloride, a salt of a 
strong acid, was used with acetic acid as the second electrolyte; since 
the solubility of this salt is not greatly increased even by nitric acid , 4 
it was to be expected that the weaker acetic acid would have but little 
effect in this direction. Tetramethylammonium iodide and potassium 
hydroxide were taken as the second pair. When each of these pairs was 
tested, it developed that under no conditions was an increase in solubility 
of the salt to be noted, while the decrease became clearly marked upon 
the addition of very moderate amounts of the second electrolyte. 

1 J . Physic. Chem 5, 556 (1910). 

# This Journal, 31, 821 (1909). Z. physik. Chem ., 67, 594 (1909). 

• hoc. tit. 

4 Hill and Simmons, hoc. tit 
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Experimental Part. 

The thallous chloride used was prepared from metallic thallium and 
fecrystallized from water. Analyses of the pure compound gave the 
chlorine content as 14 79 and 14.75 per cent.; calculated, 14.80. The 
acetic acid was Kahlbaum’s c. p. preparation, whose strength was deter- 
mined by titration against a standard potassium hydroxide solution; 
the ultimate standard was gravimetrically analyzed hydrochloric acid. 
The solubility equilibrium was appro^hed from supersaturation and 
undersaturation. Stirring of the samples for eight hours proved to be 
sufficient. After equilibrium had been reached, samples were pipetted 
out and analyzed for their chloride content by Volhard's method, filter- 
ing off the silver chloride 1 in each case. In experiments (8) and (9), 
in which the chloride content was low, gravimetric analyses were made. 
The specific gravity of the acetic acid solution at the temperature of 
standardization and that of the saturated solution at 25 0 were deter- 
mined by direct weighing of measured volumes. 

Table I .--Solubility ok T 1 C 1 in HC 2 H 3 0 3 at 25 °. 

Spec. grav. 

Normality of HC s H 3 02 Spec.grav. Equivalents 

of at room of solution T1C1 per Mean solubility 

HCfHsOj. temp. at 25 0 . liter. per liter. 


I .. . .. 0000 .... ... o 01628 U 0.01629 

0.01630 S 

2. O.5134 0.9996 1 0014 O 01573 U 0.01580 

0.01589 S 

3 i 013 I ooio i 0043 o 01485 U o 01495 

o 01505 S 

4 ... 2.016 1 0104 1 0114 0.01319 U o 01321 

0.01323 S 

5 4.180 1 0238 1 0323 o 009938 U 0.009945 

0.009952 S 

6 8 130 1 0495 1 0550 o 005385 U o 005399 

o 005413 S 

7 .... 11 49 1.0623 1 0599 o 002573 U o 002594 

o 002615 S 

8 14.31 1 0657 1 0643 0.001221 U&S o 001221 

9 16.01 1.0667 1 0667 o 000478 U&S o 000478 


The tetrainethylammonium iodide used for the second set of experi- 
ments was a preparation of Kahlbaum’s which was recrystallized from 
water. Analysis by Volhard’s method gave the following figures for 
iodide content: found, 63.08 and 63 38 per cent. ; calculated, 63 . 13. The 
potassium hydroxide was freed from carbonates by agitating a concen- 
trated solution with slaked lime; when siphoned off and tested, it was 
found to be free from calcium. The alkali solutions were made up from 
this stock solution and titrated against a gravimetrically analyzed hydro- 
1 Rosanoff and JH 11 , This Journal, 29, 269 (1907). 
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chloric acid. Specific gravity and solubility determinations were made 
as in the case of the thallous chloride, the iodides being determined by 
the method of Volhard. 

Table II. — Solubility of (CH s ) 4 NI in KOH at 25 °. 

Spec. grav, Spec. grav. Equivalents 

Normality of KOH at of solution Grams (CH,) 4 (CH,) 4 NI 


of KOH. room temp, at 25 0 C. NI per liter. per liter 

1 0.000 1.0163 53.67 U 02671 

, 53-74 S 

2 0 250 I .0107 1.0268 5I.5I U O.2556 

51.24 s 

3 0.5325 1.0264 1.0408 47.66 U 0.2377 

47-93 S 

4 0 9899 10474 1 0601 41.81 U 0.2084 

41 .98 S 

5 2 0743 1 0955 1 1048 28.74 U o 1437 

29 03 S 

6. 82962 i.345o 1-3435 3.022 U 001475 

2.909 S 


The solubility of the salt in water is found to be about one per cent, 
higher than the value which Walden 1 obtained in the case of an equilib- 
rium approached from undersaturation. Walden’s figure vjhere the 
approach was made from the direction of supersaturation (58 9 'grams 
per liter) shows that a true equilibrium was not attained in his experi- 
ment. 

Determinations of the conductivity of tetramethylammonium iodide 
were made for use in the calculations of this paper. A dip cell was used 
for the measurements, the capacity being determined by means of N / 50 
potassium chloride solution, whose conductivity was taken as 0.002768. 
The water used in the dilutions had a conductivity of o.oo<xx)29. Ex- 
periments were conducted with a saturated solution and with the custom- 
ary dilutions from N / 8 to N j 1024. 

Table III. — Conductivity of (CH,) 4 NI at 25 0 (±0 03°). 


Equivalent 

Volume. conductivity 

1 3.74 81.20 

2 8.0 88.86 

3 16.0 96.54 

4 32.0 103.4 

5 64.0 109-3 

6 128.0 113.9 

7 256.0 118.2 

8 512,0 121.8 

9 1024.0 123.8 

— 00 (129.2) 


The value of the equivalent conductivity at infinite dilution was found 

1 Z . physik . Chem ., 55 , 708 ( 1906 ). 
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by extrapolation to zero concentration from the results of experiments 
5 to 9, following the method of A. A. Noyes. 1 

The limiting value 129.2 is much higher than that which would be 
found by taking for the migration numbers the accepted value 76 . 8 for 
iodide ion and for the tetramcthylammonium ion 46 5 as calculated by 
Bredig 2 from conductivity measurements of the chloride. This value 
for the tetramethylammonium ion is surely several units too low, as ap- 
pears when it is used to calculate the dissociation of tetramethylammo- 
nium hydroxide from B redig’s measurements; 3 at a dilution of 256, the 
base appears to have a conductivity corresponding to more than com- 
plete dissociation. If the migration number is taken from the above 
measurements as 52 4, the base is seen to possess only the extent of dis- 
sociation common to strong electrolytes, and the anomaly disappears. 

Discussion of Results. 

It has been shown that a diminution in solubility such as appears in 
Tables II and III gives strong qualitative indication that the value of 
the solubility product has also diminished. The case is capable of quan- 
titative treatment where the decrease goes far enough. If in the case of 
the double decomposition 

AB + Cl) ^ AD + CB, 

a b c d 

we use the capital letters to indicate concentrations of free ions and the 
small letters to indicate concentrations of undissociated molecules, we 
can express the total solubility vi of the compound AB in two ways : 

(1) m = A + a -f c\ 

(2) m = B + a -I d. 

If we assume the solubility product to have a constant value, we have 

(3) A X B = K. 

Multiplying (1) by (2) and extracting the square root, we find 
(4) m - \/ A X B + X, 

where X is used to indicate the various other terms, all of which must 
have a positive value, since a, b, c and d arc positive numbers. vSubsti- 
tuting from (3) , we obtain 

(5) ™ - Vk + x, 

which indicates that, on the assumption of the constancy of the solubility 
product, the total solubility could never be less than the value vK- A 
value of m less than \/K proves therefore an error in the assumptions 

1 Report o[ the Carnegie Inst., 63, 50. See also the paper of Johnston, This Jour- 
nal, 31, 1010 (1910). The value of the exponent n for this salt was found to be 1 .48. 

2 Z. physik. Cheni 13, 228 (1894) Bredig’s numbers have been multiplied by 
1 .067. 

9 Ibid., p. 299. 
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of equations 1, 2 , or 3. Equations 1 and 2 express the fundamental as- 
sumption of the dissociation theory, that the substances present exist 
as ions and as undissociated molecules; unless we are prepared to deny 
this, we must grant that a value of m less than \/K constitutes rigorous 
proof that the value of the solubility product has decreased. 

In the following tables the values of m have been arranged with refer- 
ence to the concentration of other electrolytes present; the values of 
the solubility product have been calculated for each salt. The solu- 
bilities have been calculated with reference to the volume of the solution 
and to the weight of water present, so that the meaning of the term concen- 
tration shall not be in question: 


Table IV.— Solubility of T1C1 in HC,H g O a . 



Equivalents T1C1 

Equivalents T1C1 

Volumetric normality 

per liter of 


per 1000 gms. 

of HC s H«Oa. 

solution. 


of H*0. 

0.00 

O.OI629 


O.OJ634 

0.5134 

0.01580 


O.OI628 

1. 013 

O.OI495 


O.OI585 

2 .016 

O.OI321* 


O.OI484* 

4.180 

O.OO9945 


O.OI273 

8.130 

O.OO5399 


O.OO952 

u-49 

O ^2590 


0.007(^2 

14.31 

O .00122 I 


O.OO595 * 

16.01 

O.OOO478 


O.OO453 


a/K — 0.01486 1 

Vk 

** O.OI490 

Table V. — Solubility of (CH,) 4 NI in KOH. 


Volumetric normality 

Equivalents (CH») 4 NI 
per liter of 

Equivalents (CH«) 4 NI 


per 1000 gms. 

of KOH. 

solution. 


of HjO. 

0.000 

O.2671 


0 2774 

% O.250 

0.2556 


O 2657 

0.5325 

O.2377 


0 . 2466 

O.9899 

O . 2084 


0.2162 

2.0743 

O.1437* 


O.1491* 

8 . 2962 

O.OI475 


O.O1683 


a/K. — 0.1678 8 

Vk 

— O.1743 


It appears in the foregoing tables that the point at which m is found to 
be less than a/k occurs where the solution is at a concentration between 
normal and twice normal with respect to the second electrolyte. When 
this latter concentration is increased sufficiently, the solubility is decreased 
to a value of entirely different magnitude from that in pure water. We 
are left, therefore, no alternative but to dismiss our belief in the con- 
stancy of the solubility product, together with the other early assump- 

♦ 

1 Calculated from the conductivity measurements of Goodwin, Z. physik . Chem 
13, 608 (1894). 

* Calculated from the conductivity measurements of Table III. 
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tions of the theory of solutions, and to be satisfied for the present with 
the purely qualitative statement that the solubility product shows a 
diminishing value with increased concentration of other electrolytes. 

Conclusion. 

The results of the f oregoing paper may be summarized as follows : 

(1) Determinations have been made of the solubility of thallous chloride 
in acetic acid solutions of varying concentrations, and of tetramethyl- 
ammonium iodide in potassium hydroxide solutions of varying concentra- 
tions. 

(2) The electrical conductivity of tetramethylammonium iodide has 
been measured. 

(3) The solubility product has been shown to have a value which di- 
minishes with increase in the total concentration of electrolytes present. 

I am indebted to Mr. George Barineyer and to Mr. Charles E. Roake 
for the solubility determinations of Tables I and II. 


[Contributions from the Research Laboratory of Physical Chemistry of the 
Massachusetts Institute of Technology, No. 54.] 

A VOLUMETRIC METHOD OF DETERMINING IODIDE IN THE 
PRESENCE OF CHLORIDE, BROMIDE, OR FREE IODINE. 

By W. C. Bray and G M. J MacK \y. 

Received July 25, 1910. 

The method here described of determining iodide depends upon its 
oxidation to iodine in acid solution by means of potassium permanganate, 
the removal of the liberated iodine from the aqueous phase by carbon 
tetrachloride, and the titration of this iodine with a standard sodium 
thiosulphate solution. When the iodide contains free iodine dissolved 
in it this titration gives the total iodine present in solution; the dissolved 
iodine is determined by direct titration of the original solution with thio- 
sulphate, and the difference between the two results gives the iodine 
present as iodide. 

This method was suggested and used by vSammet, , but he gave no 
specific directions and no indication of its accuracy. A similar method 
was developed long ago by Fresenius, 2 in which carbon disulphide took 
the place of carbon tetrachloride, excess of nitrous acid was used instead 
of an equivalent amount of permanganate, and the nitrous acid in con- 
tact with the carbon disulphide was removed by repeated decantations 
with water. Information with regard to the accuracy of this method 
appears to be lacking, but it is doubtful if it would have, even if modi- 
fied, any advantages over the present method. 

The possibility of determining iodide in the presence of chloride or 
1 Sammet, Z . physik. Chem 53, 684 (1905). 

* Fresenius, Quant. Anal. 4th reprint (1900) of 6th edit. (1875), page 482. 
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bromide depends upon the extremely rapid rate, even in dilute solutions, 
of the reaction 

5 l- + MnOr + 8H+ - 2 y 2 l 2 + Mn ++ + 4 H 2 0, 
and the relatively slow rates of the corresponding reactions with chloride 
or bromide. The reaction with chloride is so slow that there is no ap- 
preciable liberation of chlorine, even in a moderately concentrated sul- 
phuric acid solution. In the case of bromine, however, in order to prevent 
the rapid liberation of bromide, it is necessary to keep the concentra- 
tion of bromide and of sulphuric acid small, and to add only a slight 
excess of permanganate. It will be seen later that none of these precau- 
tions introduces any difficulty. 

This plan of regulating the rate of reaction between halides and per- 
manganate by means of the hydrogen ion concentration has already 
been used in a well-known method of detecting the halides in the presence 
of each other, 1 which was developed by Jannasch and Kiister. 2 In this 
process the halogens are expelled successively from a boiling solution: 
iodine from a solution containing acetic acid and sodium acetate, bromine 
from a solution containing acetic acid and a little sulphuric acid, and 
chlorine from a concentrated sulphuric add solution. The advantages 
in our quantitative method of working at room temperature and collect' 
ing the liberated iodine in another solvent are obvious. But in this 
case it was found by trial that dilute sulphuric acid must be used, instead 
of acetic acid, in order to prevent the formation of manganese dioxide, 
which interferes with the removal of the CC1 4 phase. Since the libera- 
tion of bromine cannot, therefore, be prevented by cutting dpwn the 
hydrogen ion concentration to a very small value, it is important, as 
mentioned above, to avoid an excess of permanganate. 

The addition of permanganate may be regarded as a titration; the 
“end point” described below in the procedure is easily determined and 
it is not difficult to avoid an excess of permanganate. This is possible 
because a solution of potassium iodide and carbon tetrachloride are both 
much better solvents for iodine than is pure water, so that, as the potas- 
sium iodide concentration becomes smaller, a larger proportion of the 
iodine passes into the carbon tetrachloride phase, and finally a colorless 
aqueous layer may be obtained. 

The only sources of error in this method appear to be those which might 
arise from the addition of potassium permanganate in excess. If bromide 
is present, some bromine may be liberated. Also the addition of potas- 
sium permanganate in excess while considerable iodine is still present 
would result in the permanent formation of some iodic acid, the iodine 
of which would not be removed by the carbon tetrachloride. The tem- 

1 Boettger, Qualitative Analysis , 2nd edit., page 387. 

9 Jannasch and Kiister, Z physik. Chent ., 28, 377 (1899). 
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porary formation of bromine or iodic acid during the earlier part of the 
operation does not, of course, introduce an error, for each reacts with 
the iodide still present, forming iodine. Although these errors may 
be easily ^avoided, it has seemed worth while to add a supplementary 
treatment with sulphurous acid by means of which the loss of an analysis 
may be avoided even if too much permanganate has been added. 

Method of Analysis. 

The following materials are required : 

A glass-stoppered separating funnel of about 250 cc. capacity in which 
to carry out the oxidation of the iodide. The delivery tube should be 
cut off short and ground at an angle in order to facilitate washing after 
the discharge of the carbon tetrachloride solution of iodine. 

A standard sodium thiosulphate solution, say 0.1 or 0.2 normal. 

A potassium permanganate solution of about the same strength. 

A freshly prepared 10 per cent, potassium iodide solution free from 
iodate. 

Carbon tetrachloride free from oxidizing or reducting agents. A liter 
of carbon tetrachloride may be conveniently purified for use in these 
analyses by treating with iodine and dilute sulphuric acid for a few hours, 
shaking the mixture at intervals. The CC 1 , is drawn off from the acid 
solution by means of a large separating funnel decolorized by shaking 
with a neutral sodium thiosulphate solution, and washed thoroughly 
by shaking with fresh portions of water. 

Procedure . — Introduce into the separating funnel 25 to 30 cc. of carbon 
tetrachloride, 3 to 15 cc. sulphuric acid 1 (sp. gr. 1.20), and a defi- 
nite amount of the potassium iodide solution to be analyzed. If bromide 
may be present, do not use more than 5 cc. of sulphuric acid and add 
75 to 100 cc. water. 

Add the permanganate solution from a burette, at the same time 
rotating the mixture, until the aqueous layer becomes very dark colored 
due to the liberated iodine; place the stopper in the separating funnel, 
shake vigorously, and let stand for at least half a minute. Carefully 
run the carbon tetrachloride solution of iodine into a glass stoppered 
flask containing about 25 cc. of 10 per cent, potassium iodide solution- 
and a few drops of acetic acid. Add a fresh portion of carbon tetra- 
chloride and repeat the process until the aqueous layer is colorless. 

As this stage is approached, add the permanganate solution drop by 
drop and shake the mixture after each addition. The decolorization 
of the permanganate and the liberation of iodine when the drop enters 

1 Dilute nitric acid may be used instead of sulphuric, c. g , when barium salts 
are present. 

* A fairly concentrated potassium iodide solution is used to prevent the volatiliza- 
tion of iodine, and to aid in extracting the iodine from the carbon tetrachloride in 
the later titration with thiosulphate. 
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the solution can be easily observed. When the water layer appears 
colorless, withdraw as much as possible of the iodine by using successive 
small portions of carbon tetrachloride, add a drop of the permanganate, 
shake the mixture, and note the color of the aqueous and carbon tetra- 
chloride layers. The end point has been reached (1) if the aqueous solu- 
tion is pink colored owing to the presence of permanganate, and (2) if 
the carbon tetrachloride fails to show the pink color due to the presence 
of iodine. 1 

Titrate the liberated iodine with the standard sodium thiosulphate 
solution; shake the mixture continuously as the end-point is approached 
to ensure the rapid transfer of the iodine from the carbon tetrachloride 
to the potassium iodide solution. 

In practice it is well to perform a preliminary titration to determine 
how much permanganate solution is required. The later analyses may 
then be quickly performed, since slightly less than this amount of potas- 
sium permanganate may be added before removing any iodine; but in 
this case, also, the mixture must be shaken vigorously at intervals. 

If by accident an excess of permanganate be added while iodine is still 
present, and the formation of bromine or iodic acid be suspected, add a 
little sulphurous acid solution to again form the halide, and aftgr 2 or 3 
minutes treat with permanganate in the usual way. 

The method was tested by means of a large number of analyses of 
potassium iodide solutions of known strength. The first group ofanalyses 
(Nos. i-8) was made in connection with the investigation described in 
the following paper. The remaining analyses (Nos. 9-22) were made 
at a later date by one of us to supplement the first analyses and to de- 
termine the best conditions of analyzing iodide in the presence of chloride 
and bromide. 

First Group of Test Analyses. 

The carbon tetrachloride was not purified as directed in the procedure, 
and contained a trace of oxidizing material. In each of several blank 
analyses with approximately the same quantity of carbon tetrachloride 
as was used in an actual experiment, a slight amount of iodine was liber- 
ated which corresponded to about 0.06 cc. of the thiosulphate solution. 

In the first analyses the sodium thiosulphate solution was 0.07348 
normal. It was standardized: (1) by comparison with an iodine solu- 
tion which had been titrated against arsenious oxide by the method 
described by Washburn 2 and (2) against a solution of copper sulphate 
by the method of Gooch and Heath, 3 the copper content of this solution 

1 This second test of the end-point is valuable when bromide is present, for the 
permanganate color may then disappear, but the carbon tetrachloride becomes yel- 
low, not pink. 

* Washburn, This Journal, 30, 31 (1908). 

8 Gooch and Heath, Z . anorg. Chem. t 55, 119 (1907); Am . /. Sci. t 24, 65. 
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having first been determined by electrolysis. The results of the two 
methods agreed within o.i per cent., but it is doubtful if this accuracy 
could be claimed for the copper standardization. The concentration of 
the permanganate solution was not determined. 

The potassium iodide solution was prepared by dissolving in i liter 
15.00 grams of the pure, dry salt (Kahlbaum’s guaranteed reagent). 
This solution was analyzed by measuring out three 100 ec. portions and 
precipitating the iodide as silver iodide. The precipitate was washed 
thoroughly with warm water by decantation, 9ollected upon a weighed 
platinum Gooch filter, heated at 200 0 for 12 hours, and weighed. The 
three determinations gave for the normality of the solution, 1 0.09054, 
0.09052 and 0.09057 — mean 0.9054. These results are concordant, 
and the mean is probably more nearly accurate than the value, 0.09030, 
derived from a single observation of the weight of salt taken. 2 

The results of the first eight analyses are given in Table I. The first 
five are with potassium iodide alone; in the preliminary analysis (No. 
4 in the table) excess of permanganate was added while iodine was still 
present, and was reduced by the sulphurous acid treatment described 
in the procedure. In the remaining three analyses 25 cc. 0.1 formal 
copper sulphate solution were also added, which resulted in the precipita- 
tion of cuprous iodide and thus subjected the method to a very severe 
test. The sulphuric acid concentration was varied greatly in these ex- 
periments. In each case the burette reading given in the last column 
of the table has been diminished by 0.06 in accordance with the blank 
experiments described above. 'The initial volume (second column) 
refers to the total volume of the aqueous solution at the beginning of 
the experiment. All numbers are cubic centimeters. 

Table I. — Titration or 25.05 cc. KI vSolution wnn 0.07348 Normal Na a S»Oj,. 


Initial CuSOtsoln. KM« 0 4 soln. Na 2 SaO*soln 

No. volume. 1*2804(1 20) or normal. added. (corrected). 

1 75 2.5 .. 15.4 3080 

2 75 25.0 .. 15.4 30.82 

3 75 250 154 30.85 

4 75 25.0 15.6 30.86 8 

5 75 500 154 30.82 

6 100 2.5 25 15.4 30.82 

7 100 25.0 25 15 -4 30.84 

8 100 50.0 25 15.4 30.82 


Mean, 30 . 82 

1 International atomic weights of 1908 were used in connection with the first 
group of analyses (Nos. 1-8). In the remainder of the work 1910 atomic weights 
were used. The weights of salts were not corrected to vacuum. 

3 This difference of 0.27 per cent, might be due to the presence of sodium iodide 
in the potassium iodide reagent. 

* Preliminary experiment, rejected in taking the mean. 
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The concentration of the potassium iodide solution calculated from the 
mean burette reading (30.82 cc.) is 0.09041 normal, which is only 0.14 
per cent, less than the value, 0.09054, given by the gravimetric analyses. 
An examination of the individual analyses shows that the extreme varia- 
tion from the mean is o. 1 per cent., and that the result is not affected 
by a 20-fold variation in the concentration of sulphuric acid, nor by the 
presence of copper sulphate. 

Other analyses made at the same time as the above gave equally satis- 
factory results. For example, the o.i and the o.oi normal potassium 
iodide solutions, which were used in the conductance measurements 
described in an earlier paper, 1 were analyzed by this method. Four 
titrations of the first solution and two of the second were made. The 
normality obtained in the first case was almost identical with, and that 
in the second one about o.i per cent, greater than, the value calculated 
from the weight of the pure dry salt. 

Second Group of Test Analyses. 

The carbon tetrachloride used in the following analyses was purified 
as described in the procedure, with the result that no iodine was liberated 
in blank analyses and the uncertain correction applied in the above 
experiments was eliminated. 0 

Two different thiosulphate solutions were used, and the relation be- 
tween them was determined several times by comparing both with the 
same solution of copper sulphate. 

The stock thiosulphate solution was standardized during the following 
experiments by Dr. W. D. Harkins against pure iodine 2 and was found 
to be 0.09577 normal. The corresponding concentration of the second 
thiosulphate solution was o. 1074. The latter solution was used in analyses 
9-18 (Table II). 

The second method of standardization tried was the comparison of 
one of the thiosulphate solutions with a KMn 0 4 solution which had been 
standardized by Mr. A. C. Melcher against sodium oxalate. The KMn 0 4 
was added to excess of KI in a dilute sulphuric or acetic acid solution. 
The results were concordant, but the normality calculated for the thio- 
sulphate solution was 0.3 per cent, less than that derived from the iodine 
standard. It is shown in an appendix to this paper that one-third to 
one-half of this difference is due to the conditions under which the per- 
manganate solution had been standardized. There still remains, however, 
a discrepancy of o. 15 to 0.2 per cent, between the two standardizations, and 

1 Bray and MacKay, This Journal, 32, 917 (1910). 

* The iodine had been used in the experiments on the hydrolysis of iodine (Bray, 
This Journal, 32, 932 (1910)) and thus was free from soluble impurities, including 
chlorine and bromine. This was twice sublimed, and dried over calcium chloride for 
several days. 
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it therefore seems improbable that the concentrations of the thiosulphate 
solutions derived from the iodine standard are too low. 

In the third method of standardization, however, in which the thiosulphate 
solutions were referred to copper as standard by the method used in the 
first analyses, the normalities were found from numerous careful ex- 
periments to be 0.0960 and 0.10765, i. e. f over 0.2 per cent, greater than 
those given by the iodine standard. The conclusion was finally reached 
that the absolute accuracy of the copper standard is not quite as high as 
we had at first supposed. 1 

1 Since this result differs from that found in the standardization of the thiosulphate 
used in the first group of test analyses, it has seemed worth while to give the details 
of the final experiments. 

The copper sulphate used was prepared from the commercial salt by recrystal- 
lizing once from sulphuric acid solution and twice from water. The copper content 
of the copper sulphate solutions was determined from several concordant electrolytic 
analyses, in which the copper was deposited from a dilute nitric acid solution on a 
rotating cathode. The apparatus was kindly placed at our disposal by I)r. E. B. 
Spear. The deposition of copper was shown to be practically complete by evapora- 
ting the solution nearly to dryness and adding ammonia. 

The above normalities were derived from a series of titrations of each thiosul- 
phate solution against the pure copper sulphate solution according to the directions 
of Gooch and Heath, using 5 g. potassium iodide in the presence of acetic acid and 
not allowing the volume to exceed 100 cc. Contrary to the statement of these in- 
vestigators, the results were found to be less satisfactory in dilute sulphuric or hydro- 
chloric acid than in acetic acid solutions. In the latter case the amount of iodine 
liberated after the completion of the titration was negligible in half an hour, while 
in the presence of sulphuric or hydrochloric acid at concentrations less than those 
recommended by Gooch and Heath thP iodine liberated in this time corresponded to 
over 0.10 cc. of 0.1 normal thiosulphate, and the reaction continued at this rate for 
several hours. This reaction is undoubtedly the oxidation of liydriodic acid by 
oxygen; it was catalyzed by light, and possibly by the presence of the finely divided 
cuprous iodide precipitate. In the acetic acid solution the titration could be made 
slowly, and this was a great advantage in determining the end point. 

As the end point was approached the color due to the presence of starch slowly faded, 
but the particles of cuprous iodide retained a slight but distinct dark color when the 
color in the solution was very faint. The most clearly defined end point was the change 
of color of the suspended precipitate from this dark shade to the yellowish white of 
pure cuprous iodide. The dark color of the cuprous iodide in the presence of iodine 
and starch indicates that iodine is adsorbed or dissolved by the cuprous iodide A 
possible explanation of the high thiosulphate concentration obtained in this standardiza- 
tion is that a trace of iodine is dissolved in the cuprous iodide and is not reduced by 
the thiosulphate. 

In each titration from 30 to 40 cc. of thiosulphate were used, and the results 
were reproducible within 0.1 per cent. In the earlier experiments (in connection with 
the first group of analyses) a smaller volume was used, and the excess of thiosulphate 
added at the end point may have been a little greater than in the final experiments; 
both of these differences in treatment would lead to a relatively lower concentration 
far the thiosulphate in the first experiments. 

Similar experiments were performed with a solution of commercial copper sulphate. 
(A small light-colored precipitate settled out in a few days and the clear solution was 
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The potassium iodide solution used in analyses Nos. 9-18 was pre- 
pared from the pure salt, which had been recrystallized from water. 
The crystals were heated for 16 hours at 150°, and 15.473 grams were 
dissolved and diluted to 1000.3 cc., at 25 °, which corresponds to a nor- 
mality of 0.09305. This value was thought to be a little high on account 
of the presence of a few particles of cork in the salt. Three 50 cc. por- 
tions (measured at 25 °) were analyzed by Dr. W. D. Harkins by weigh- 
ing silver iodide. To prevent occlusion of AgNO s , the mixture was al- 
lowed to stand over night after the addition of slightly less than an equiv- 
alent amount of silver nitrate. The silver iodide precipitates were washed 
with cold water, and were heated 4 hours at 120° and 4 hours longer at 
170°. The normalities found were 0.09285, 0.09292 and 0.09293; and 
the mean value, 0.09290, normal, was accepted as the concentration 
of the potassium iodide solution. 

This solution was proved to be free from chloride by treating 100 cc. 
with permanganate according to the regular procedure to remove the 
iodide, heating the resulting solution with dilute nitric acid, filtering, 
and adding silver nitrate. Considerably less than 1 mg. of silver chloride 
was precipitated. 

The results of the analyses of this solution are given in Table II. Chlo> 
ride was present in Nos. n and 12, and bromide in Nos. 15-18. Blank 
experiments with potassium bromide alone under the conditions of 
analyses Nos. 15-18 showed that a drop of potassium permanganate 


was decolorized only very slowly 

in the dilute acid solutions (correspond- 

Table II.- 

Titration of 

25.00 cc. 

KI Soiajtion with 0.1074 Normal NajS*O a . 

No. 

Initial H 2 S0 4 

volume. (i.ao). 

KClsoln. KBrsoln. 
0.2 normal o.i normal. 

KMn0 4 soln. 
added. 

Na*S»Og 

soln. 

9 .. .. 

55 

15 


18.9 

21 .62 

10 

55 

15 


I8.8 + 

21 .62 

11 

55 

15 

IO 

IS. 85 

21.63 

12... . 

55 

15 

IO 

18.85 

21.62 

13- .. 

55 

2 

. . 

18.84 

21 .62 

14.... 

no 

5 

. . 

18.82 

21 .62 

15 


2 

IO 

18.82 

21.62 

16 

115 

3 

IO 

18.8 + 

21 .6l 

17 

115 

5 

IO 

18.85 

21.62 

18 

125 

15 

IO 

18.82 

21.65 





' Mean 

1 21.62 

used in the experiments.) 

The thiosulphate concentrations were found to be slightly 


more than 0.1 per cent, greater than before. This difference disappeared or even 
changed sign when the CuS0 4 solution was treated with bromine, boiled long enough 
with dilute H,S0 4 to expel the bromine, and then titrated in the usual way after add- 
ing excess of sodium acetate. It therefore seemed probable that the difference was 
due to the presence of a trace of ferrous sulphate or possibly of cuprous sulphate in 
th$ commercial copper sulphate. 
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ing to Nos. 15-16) but almost immediately in the most concentrated acid 
(corresponding to No. 18). The same observations were made in the 
actual experiments at the end point of the permanganate titration. 

The results are seen to be remarkably concordant, and to be independent 
of the acid concentration, the volume of the solution and the presence 
of chloride. Bromide does not affect the result, provided that the con- 
centration of the sulphuric acid is not too large. From these analyses, 
and the blank experiments already mentioned with bromide alone, the 
limiting concentration of acid is placed at about 5 cc. sulphuric acid (1.20) 
in 100 cc. aqueous solution. 

From the mean burette reading (21.62), and the thiosulphate con- 
centration based on the iodine standard, the potassium iodide solution 
is calculated to be 0.0929 normal, which is in perfect agreement with 
the concentration derived from the gravimetric analyses. The proof 
of the absolute accuracy of the titration is not quite complete, since 
slightly greater concentrations are calculated for this potassium iodide 
solution from the weight of potassium iodide taken, and by using the 
copper standard for the thiosulphate solution; but the results render it 
extremely probable that the use of pure dry potassium iodide as an iodo- 
metric standard would yield results accurate to within 0.1 per cent. This 
method of standardizing thiosulphate solutions has the following ad- 
vantages: the results are perfectly reproducible; and the method is direct, 
since the iodine titrated was originally present in the potassium iodide 
weighed out. Since the iodine^ standard also has these advantages, 
and the copper standard does not, the rejection of the copper standard 
seems justifiable. 

The question next examined was the relation between the amounts 
of potassium permanganate and sodium thiosulphate solutions used 
in these analyses. Under the existing conditions the oxidation of iodide 
by permanganate is essentially a direct titration of the iodide by the 
permanganate. The end point is definite, and the amount of potassium 
permanganate used in each experiment seldom differed by more than 
0.1 per cent, from the mean value, 18.83 cc. It therefore seemed that 
it might be possible to use the permanganate titration in analyzing the 
potassium iodide solution, and thus dispense with the final thiosulphate 
titration. But when the permanganate solution was compared directly 
with thiosulphate by adding the permanganate to an excess of potassium 
iodide in a dilute acid solution and titrating the liberated iodine, it was 
found that 18.83 cc * °f the permanganate solution was equivalent to 21.73 
cc. thiosulphate solution, instead of 21.62 cc. as expected. The differ- 
ence 0.11 cc. is the error in the permanganate titration of iodide; and, 
since the error may depend upon the experimental conditions, it is evi- 
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dent that the permanganate titration could be used only as an empirical 
method, and might not be reliable, if the conditions were altered. 

The reason for this error was found to be the incomplete reduction of 
permanganate to the manganous state when the iodide was not present 
in excess. The amount of oxidizing material present in the aqueous 
solution, after the permanganate titration had been completed and the 
iodine removed, was determined in No. 14 by adding a little potassium 
iodide to the aqueous solution in the separating funnel; the iodine liber- 
ated was equivalent to 0.09 cc. thiosulphate, while, judging from the 
color, the amount of permanganate present corresponded to only 0.0 1 
cc. The number 0.09 is the error in the permanganate titration, and it 
is thus possible by this method to measure this error directly. 

In the final experiments (Nos. 19-22) this direct method was used to 
determine the error in the permanganate titration. The amounts of 
thiosulphate solution used are given in the last column of Table III 
under the heading “KMn 0 4 error;” the values in Nos. 19 and 20 are 
only approximate; the more accurate ones in Nos. 21 and 22 were de- 
rived from results obtained by using a dilute thiosulphate solution. The 
amount of thiosulphate solution equivalent to the mean amount (19.97 
cc.) of permanganate solution was determined in the presence of excess 
of iodide to be 25.82 cc. On subtracting the experimentally determined 
value of the n KMn 0 4 error,” 0.10, the result, 25.72, is seen to agree almost 
exactly with the thiosulphate titration, 25.71 cc. 

The results of all the experiments (Nos. 9-22) show that there* is a 
o. 4-0.5 per cent, error in the direct titration of iodide by permanganate 
due to the incomplete reduction of permanganate to the manganous 
state. The possibility that this error is present in other permanganate 
titrations is considered in a note at the end of this article. 

In the final experiments the stock 0.09577 normal, thiosulphate solu- 
tion was used. 

The potassium iodide solution was prepared from Merck’s “neutral 
reagent,” which contained chloride, by dissolving 16.614 grams of the 
dry salt and diluting to one liter. Three 50 cc. portions were analyzed 
by Dr. Harkins; the average weight of the silver iodide plus silver chloride 
precipitate was 1.793 grams. Two 50 cc. portions were analyzed for 
chloride, after removing the iodide by the regular procedure with per- 
manganate; the mean weight of silver chloride was. 0.0242 gram. The 
difference between 1.793 and 0.0242 gave the weight of silver iodide, 
from which the potassium iodide concentration was calculated to be 
0.09840 normal. A similar correction of the weight of salt taken for 
the weight of potassium chloride present (corresponding to the amount 
of silver chloride found) led to the normality 0.09856. The result based 
on the weight of the silver salts is considered the more accurate; the 
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difference of 0.16 is probably due to the presence of a trace of impurity- 
other than chloride in the potassium iodide reagent. 

The results are presented in the following table. The meaning of 
the results in the last column has already been explained. 

Tabus III .--Titration of 25 00 ec. of a KI Solution with 0.09577 Normal Na 2 S 2 0 3 . 

NaoSaOa solution 


No. 

Initial 

volume 

ce 

H0SO4 (1 20) . 
cc. 

KMnO, 

solution 

cc. 

* Na 2 S 2 0 8 
titration. 

KM11O4 error. 

19 .. 

. . 100 

5 

20 4 

25 7 2 

0.07 

20 . . 

... . IOO 

5 

19.97 

2 5 7 1 

O.08 

21, 

. . . IOO 

5 

19 97 

2 5 71 

O IO 

22 

IOO 

5 

19 98 

2 5 7i 

O IO 


In experiment 19 a considerable excess of KMn 0 4 was added while 
a large amount of iodine was .still present, and the supplementary treat- 
ment with sulphurous acid was used. The fact that no error is intro- 
duced by this treatment is established by the accuracy of the final thio- 
sulphate titration, 25.72 cc. 

From the mean value of the thiosulphate titration the concentration 
of potassium iodide is calculated to be 0.09849, which is intermediate 
between the two values derived above from the weights of the silver and 
of the potassium salts, and does not differ from either by more than 0.1 
per cent. 

Summary. 

In this article a method of determining iodide in aqueous solution has 
been described, which depends upon the oxidation of the iodide to iodine 
by permanganate, the removal of the liberated iodine by carbon tetra- 
chloride, and the titration of this iodine with a standard sodium thio- 
sulphate solution. 

The test analyses (Tables I-III) with potassium iodide solutions of 
known concentrations show that the titration results are perfectly re- 
producible, and independent of the presence of chloride, bromide or copper 
sulphate. 

From the standpoint of absolute accuracy this method is also .satis- 
factory, since the results agreed within less than o. 1 per cent, with those 
based on iodine as standard. Pure, dry potassium iodide may therefore 
be recommended as an iodometric standard. 

Two other iodometric standards yielded less satisfactory results. From 
a single series of experiments with a permanganate solution, standardized 
against sodium oxalate, the concentration of a stock sodium thiosulphate 
solution seemed to be about 0.15 per cent, too low; while from careful 
experiments with a copper sulphate solution, standardized by weighing 
electrolytically deposited copper, the concentration of the thiosulphate 
solution was found to be about 0.2 per cent, too high. 
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In the method of analysis here described the treatment with per- 
manganate is essentially a direct titration of iodide by the permanganate. 
It is impossible, however, to replace the thiosulphate titration by this 
permanganate titration, since the reduction of permanganate to the 
manganous state was found to be not quite complete, and the resulting 
error corresponded to about o.io cc. (or 0.4-0.5 per cent.) of the per- 
manganate solution. This error was measured directly by adding a little 
potassium iodide to the aqueous solution (after the removal of the carbon 
tetrachloride) and titrating the iodine then liberated. 

boston, July, 1910 . 


A SOURCE OF ERROR IN PERMANGANATE TITRATIONS; PRE- 
LIMINARY NOTE. 

By W, C. Bray. 

Received July 25, 1910. 

In the direct titration of iodide by permanganate described in the 
preceding article, the permanganate was found to be incompletely re- 
duced to the manganous state, and the resulting error was about o.io cc. 
of the 0.12 normal permanganate solution. It is therefore evident that 
in this reaction, 

MnCY 4 5 I- + 8H+ = Mn + + 4 2 l / 2 I 2 4 4 H 2 0 , * > 

the reduction of the permanganate takes place in .stages, and that the 
final stage takes place more slowly than the reaction involving „the dis- 
appearance of permanganate. 1 

Since the reduction of permanganate undoubtedly takes place in stages 
in other reactions, a similar error is possible in other permanganate titra- 
tions, and indeed is to be expected wherever the final stage of the reaction 
is known to take place relatively slowly. Apparently such a case is 
furnished by the titration with oxalic acid; for the kinetic experiments 
of Skrabal 2 have shown that the reduction from the manganic to the 
manganous state by oxalic acid is a slow reaction, and that a stable com- 
plex is formed between the manganic salt and oxalic acid. 

Accordingly the following experiments (Table IV) were undertaken 
to determine under what conditions the error due to incomplete reduction 
of permanganate was appreciable in the oxalic acid titration. As in the 
previous experiments (Table III), this error was measured directly, by 
adding a little potassium iodide to the cold solution after the perman- 
ganate end point had been reached, and titrating the liberated iodine 

1 That the incomplete reduction of the permanganate is due to an equilibri^&t 
involving iodine, such as Mn +++ 4 1 “ = Mn + + 4 l /JL^ seems improbable, since the 
concentration of the iodine is kept at a very small value by the presence of the carbon 
tetrachloride phase. 

•Skrabal, Z. atiorg . Chem., 42, x (1904). 
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with thiosulphate. A dilute thiosulphate solution was used and the 
corresponding volume of the permanganate solution is recorded in the 
last column of the table. 1 This result includes the “ blank’ 1 correction 
due to the excess of permanganate added to produce the end point, 
which from the color was estimated not to exceed o.oi cc. in Nos. i and 2, 
in which the volume was small, and 0.02 cc. in the remaining experiments. 

In each experiment (except No. 8) a 25 cc. portion of pure sodium 
oxalate solution was mixed with a known amount of sulphuric acid; the 
mixture after dilution to the volume given in the table was heated to 
90 °, and the permanganate solution was added from a burette. In the 
last four experiments, after about 80 per cent, of the oxalate had been 
oxidized, the mixtures were cooled, and the titration completed at about 
25 °. In all cases the end point was approached very carefully, and the 
last drops were added slowly. In experiments 1-4 the end point was 
sharply defined; in Nos. 5-8 the pink color seemed to fade very slowly, 
but no extra permanganate was added. In Nos. 9 and 10, however, 
when the acid concentration was very large, the first pink color faded 
quickly and more permanganate was added; and at the low temperatures 
the end point was even less definite, especially at the large acid con- 
centrations (Nos. 13 and 14). In experiments 2, 3, 4, and 11 the solution 
became slightly brown during addition of permanganate, but on standing 
this color disappeared, rapidly at the high temperature and slowly at the 
low. 

Tabu? IV —Titration ok Sodium Oxal \tk with 0.1 Normal KMnC) 4 . 

KM11O4 solution, 0.12 N 


Rxpt No 

Oxalate 

solution 

cc. 

ti 2 so< 

(1 20) 
cc 

Initial 

volume. 

cc. 

Final 

temp. 

about 

Titration 

cc. 

Rrror 

cc. 

1 . 


JO 

5 ° 

So 0 

21 20 

0 02 

2 

25 

10 

300 

So 

21 23 

O 03 

3-4 • 

• 25 

10 

300 

80 


0 . 03 

5 

25 

5 ° 

300 

80 

21 26 

O.05 

6-7. . 

25 

50 

300 

So 


0.05 

8 

75 

50 

300 

70 


O 06 

<) 

25 

250 

3 <*> 

So 

21.26 

O.07 

10 

25 

25 <> 

300 

80 


O.06 

II 

25 

10 

50 

2 S 

21 29 

0.07 

12 

25 

10 

300 

25 

21 . 27 

O.06 

13 . ■ 

25 

50 

3 00 

25 

21 32 

O. II 

14.. 

25 

250 

300 

25 

21-35 

O. 14 


From an examination of the table it is seen that when the amounts of 
permanganate solution used are diminished by the numbers in the last 
column, the values are nearly constant, with a mean value 21.20. It is 

1 It was shown that the liberation of iodine in the concentrated acid solutions was 
not due to the action of oxygen on hydriodic add by allowing the mixtures to stand 
for half an hour after the titration and determining the amount of iodine liberated in 
that time. 
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obvious that this is the amount of permanganate actually equivalent to 
25 cc. of the oxalate solution, and that the numbers in the last column 
show the errors under different experimental conditions. 

On deducting the blank experiment correction, the error in the first 
four experiments, due to the incomplete reduction of the permanganate, 
is seen to be only 0.0 1 cc., which is negligible when the amount of per- 
manganate used is sufficiently large. The most favorable conditions for 
the titration, therefore, are a small amount of acid and a final temperature 
of 70 or 80 °. vSince these conditions are those recommended in books 
on quantitative analysis 1 it is evident that the error due to the incomplete 
oxidation of permanganate need not ordinarily be taken into account. 

The large errors in the remaining experiments show the importance of 
a\oiding the following unfavorable conditions in titrating: low tem- 
perature, high acid concentration and large volume. In the last experi- 
ment, for example, the error was 0.14 cc. of which only 0.02 was due to 
permanganate alone. 

A comparison of experiments 6 and 8 shows that the absolute error 
remained nearly constant (and the percentage error decreased greatly) 
when the concentration of manganous salt was increased threefold. 
This result was confirmed by a pair of experiments, in one of which^a 
large excess of manganous sulphate was added initially. In the stand- 
ardization of permanganate referred to in the preceding paper the titra- 
tions were made under the same conditions as in experiments 6-8, the 
volume of permanganate varied between 40 and 60 cc., and no blank 
correction was applied for the excess of permanganate. It follows there- 
fore, as already pointed out, that the error in this standardization was 
0.10-0.15 per cent. 

From the present results it is evident that an error due to incomplete 
reduction of permanganate is possible in titrating other reducing agents, 
and that each case must therefore be carefully investigated if an accuracy 
of o. 1 per cent, is desired. In many instances, however, the above direct 
method cannot be used in determining the error. For example, in the 
ferrous sulphate titration the ferric sulphate formed would itself cause 
the liberation of iodine. In such cases the constancy of the results under 
widely different conditions of temperature and acid concentration would 
probably insure the accuracy of the method of titration. This con- 
clusion would also be confirmed if in an investigation of the reduction of a 
manganic salt by the reducing agent, as ferrous sulphate, it were found 
that the reaction takes place rapidly and completely. 

These experiments will not be continued by the author at the present 
time, but the question whether there is an appreciable error in the ferrous 

1 Treadwell, “Hall's Translation, II, ^9, recommends a temperature of 70°, 
10 cc, HaS0 4 , and a volume of 200 cc 
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sulphate titration will doubtless be settled in the near future by the 
investigation of the oxalate and ferrous sulphate titrations now in 
progress at the Bureau of Standards. The author takes pleasure in 
thanking Dr. W. P. Hillebrand and Mr. R. S. McBride, of the Bureau of 
Standards, for their kindness in reading and criticizing this note before its 
publication. 

Boston, July, 1910 


[Contributions from tiik Research Laboratory of Physical Chemistry of the 
Massachusetts Institute of Technology, No. 55.] 

THE EQUILIBRIUM BETWEEN SOLID CUPROUS IODIDE AND 
AQUEOUS SOLUTIONS CONTAINING CUPRIC 
SALT AND IODINE. 

By W. C Bray and G. M. .1. MacKay. 

Received July 25, 1910 

This investigation was originally undertaken in order to test the gener- 
ally accepted view that the cuprous ion is monatomic (Cu + ), rather than 
diatomic (Cu,** + ), and especially to check the results of Bodlander and 
Storbeck 1 on this subject. The work, however, was interrupted two 
years ago and has not been continued ; the results then obtained are pre- 
sented in the present article as an investigation of the law of mass ac- 
tion in dilute aqueous solutions. 

Cuprous iodide is difficultly soluble in water, but in the presence of 
iodine a considerable amount dissolves, owing to the formation of cupric 
iodide and tri-iodide. The following two equilibria are involved: 

Cul (solid) -f y 2 \ - Cu ++ 4 2l~, and I s ~ - I 2 4 I". 

From the experimental results at 25 ° presented below, values have 
been determined, under widely different conditions, for the two equilib- 
rium functions: 

(Cu++)(I-) 2 /(I 2 )* - K\ and (r)(I 2 )/d 3 “) = K. 

Bodlander and Storbeck have reported a .single, apparently not very 
accurate experiment at room temperature (18-20°), in which 1 liter 
of solution saturated with both cuprous iodide and iodine was found 
to contain 0.01666 gram molecule of cupric salt, and 0.00946 equivalent 
of dissolved iodine. 

The cuprous wdidc was prepared according to the directions of Bevan 
Lean, 3 by adding one formula weight of potassium iodide dissolved in 
150 cc. of water to a solution of one formula weight of copper sulphate 
dissolved in 1500 cc. of water saturated with sulphur dioxide. The re- 
sulting precipitate was washed several times with water containing 
sulphur dioxide, and finally with pure water until all trace of sulphate 

1 Borl&nder and Storbeck, Z. anorg. Chem. t 31, 469 (1902). 

2 J . Chem. Soc. t 73, 149 (1898). 
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had disappeared. In each of our equilibrium experiments a large excess 
(about 20 grams) of solid cuprous iodide was present. 

The experimental methods of obtaining saturated solutions, remov- 
ing known volumes for titration, making conductance measurements, 
etc., were the same as were used in determining the solubility of iodine 
in potassium iodide solutions. 1 

The concentration of iodine , whenever the solid was pjresent, was as- 
sumed to be 0.00132 molecule I 2 per liter, as determined in a recent investi- 
gation. 2 In the three remaining experiments (Nos. 1-3), in which solid 
iodine was absent, the equilibrium was investigated in the presence of 
carbon tetrachloride. The concentration of iodine in this phase was 
determined by titration; that in the aqueous phase was calculated by 
means of the partition-coefficient of iodine between carbon tetrachloride 
and water. The determinations of the latter were made in the presence 
of iodine; after 24 hours’ rotation the ratio of the concentration in carbon 
tetrachloride to that in water was found to be 90.8 and 89.3. The smaller 
value agrees fairly well with that determined by Yakovkin, 3 89.55, in 
the presence of solid iodine. After taking into consideration the fact 
that, on account of the hydrolysis of iodine in the aqueous solution, 
these values should be increased by about 0.08 per cent., the value ^90 
was chosen Yakovkin’s results, however, show a decrease of the parti- < 
tion coefficient with decreasing iodine concentration, and, even after 
correcting for hydrolysis, it is possible that a value as low as 86.5 .should 
be used in our experiments. The calculations for exps. Nos. 1-3 were 
accordingly repeated, using this partition coefficient and the results are 
given in Table II as experiments Nos. 1 a, 2 a, and 3a. 

In addition to molecular iodine, the solutions contained three con- 
stituents to be determined: copper, ECu; iodide, SI; and tri-iodide, El/; 
and three separate analyses were made in each case. 

The copper was determined, usually in 100 cc. of solution, by evaporat- 
ing the solution with 5-10 cc. of dilute sulphuric acid and a few drops 
of nitric acid until white acid fumes were given off. Ammonia was then 
added in slight excess, and the solution boiled to expel the excess of 
ammonia. Finally 50 cc. of 25 per cent, acetic acid and 5 grams of potas- 
sium iodide were added, and the mixture was titrated with sodium thio- 
sulphate solution according to the method investigated by Gooch and 
Heath. 4 Another portion of the saturated solution * was titrated in a 
similar manner directly with thiosulphate, which gave the total dissolved 
■iodine and copper. Finally, in a third portion, the total iodine was de- 
fray and MacKay, This Journal, 32, 918 (1910). 

* Bray, This Journal, 3a, 936 (1910). 

1 Yakovkin, Z, physih . Chem. t 18, 583 (1895). 

4 (Gooch and Heath, Am. J. Set., 24, 65 (1907); Z. anorg. Chem 55, 119 (1907). 
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termined by the method described in the preceding paper. Thus the 
three analyses were referred to a single thiosulphate solution, and the 
error in determining differences reduced to a minimum. The thiosul- 
phate was standardized by comparison with a known arsenious acid 
solution, and checked against a known copper sulphate solution, as ex- 
plained in the first group of analyses in the preceding article. 

The method of calculating the concentrations of the separate substances 
is illustrated by the following example (Kxpt. No. 4): 


Total iodine • 2 1 ! 

3 2i. i 

A 2 « o 08490 

Dneet titration 2 C'u 1 

aSi, i 

1 2 1 2 0 06432 

Ecu 


* 0.02068 

2 1 . 


= 0.00264 


From these four equations i-1, and 21 are calculated to be 0.02050 and 
0.02076, respectively. 

I11 the solutions to which no copper salt or iodide had been added a 
check is furnished upon the accuiacy of our analyses by the stoichio- 
metric relation that the equivalent concentration of copper should equal 
the sum of the concentrations of iodide and triiodide, 1 2SCu — ill -f Hl r 
In the above example these numbers are 0.04136 and 0.04126, respect- 
ively; this difference corresponds to an error of only 0.12 per cent, in 
the determination of the total iodine, or to larger and less probable 
errors in the determination of copper or in the direct thiosulphate titra- 
tion. Accordingly, we have adopted the value of 0.02086 instead of 
0.02076 for the value of SI, and have applied similar corrections to Si 
in the other experiments in which this stoichiometric relation could be 
used, except in that with nitric acid (No. 1 1) where the deviation is much 
larger and may be accounted for by a reaction between hydriodic 
acid and oxygen. 

The experimental results are presented in Table I. The values given 
in the column “SI calculated” are derived from the relation 2SCU =* 
Sl 3 + SI, and have been adopted in the calculations described below. 
The values of “specific conductance, calculated” are derived from the 
concentrations of the separate ions given in Table II, by means of the 

1 We have neglected the cuprous copper in solution; this is present as cuprous 
iodide and as a complex ion, Cul./*, formed by the union of cuprous iodide and iodide 
ion. With regard to the first substance, Bodlander and Storbeck (lot. at., page 427) 
have calculated from electromotive force measurement s, that the solubility product 
(Cu + )(I~) is equal to 5 X io“ 12 ; since in our experiments the concentration of I" 
never is less than 0.0088, it is evident that the concentration of Cu 4 * cannot exceed 
d.6 X io~ 9 . The same authors have shown (page 475) that the ratio (Culjf )/(I“) in 
the presence of solid Cul is not greater than 7.8 X io~ 4 . This complex is therefore 
present in greatest amount in expl. No. 7, where I” has its maximum concentration, 
and the amount does not exceed 2 X 10“ 6 g. molecule Cul 2 “ per liter; this corresponds 
to only 0.2 per cent, of the total copper present, and its neglect does uot seriously alter 
the final results. 
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following equivalent conductances at 25 °, A ^ * 56.0, A x = 76.5, 
4 U “ 4i -5» “ 74-8. ^No s = 70.6. 

The time of rotation of two days was adopted after preliminary ex- 
periments with water alone, in which it was found that the concentra- 
tion of copper salt after 24 hours was a few tenths of a per cent, less than 
that obtained after 48 hours. In No. 5 the equilibrium was approached 
from undersaturation, and in No. 4 from supersaturation, attained by 
first rotating the mixture for several hours at 35 °. The agreement shows 
that the equilibrium is actually reached in 2 days. This conclusion is 
further justified by the similar results obtained in experiments Nos. 
9 and 10, where the times of rotation differed by 2 days. 


Table I. — Experimental Results. 

Con centttt ions, millimols per liter. 



m 

X 

a 

2 




a 



V 

> 

r| 


S 3 

CO 

H 

V 

8 

3* 

3 

« * 

Q 

£ 

U 

w 

*-• 

w 

W 

1 

Cul 

Water and CC1 4 (part. 








coeff. «* 90) 

2 

0.1007 

8.18 

1.125 

15 

2 

u 

(Part, coeff. =90). . . 

2 

0.1501 

9.01 

1 .76 

16.20 

3 

a 

(Part, coeff. «»9o). . . . 

2 

0.8040 

1578 

00 

U"> 

M 

19.83 

4 

Cul, I a 

Water alone 

2 

i-3 2 

20.68 

20.50 

20.76 

5 

« 

Water alone 

2 

132 

20.71 

20.53 

20.76 

6 

« 

Acetic acid (0.1 N ). . . 

2 

1 32 

27.16 

21.29 

20.78 

7 

« 

K1 solution 

2 

1 32 

10.03 

31-75 

31-77 

8 

a 

CuS0 4 solution 

2 

1 .32 

101 .7 

15 ■<>7 

16.01 

9 

u 

Cu(NO a ) a solution. .. . 

2 

1 32 

100.0 

12 .41 

13 x 4 

10 

u 

Cu(N 0 3 ) 2 solution. . . . 

4 

1 -32 

III. 3 

11.89 

12 78 

11 

u 

HNO t (0.113N) 

2 

1.32 

24.11 

23.90 

23 -3* 

12 

« 

Mg(NO,), (0. iF ). . . . 

2 

132 

25 77 

24-77 

26.69 

13 

« 

}Mg(NO,), (o.if).J 
>HNO. (0.005N). . . ( 

2 

1 32 

25-77 

24-58 

26.73 


8 

w 

1524 

16.26 


03 


Specific 
cond. X io®, 

.r} t > 

£ - 
a $ 
to a 
a u 

a 3 

1853 1824 
1979 1980 

3139 3^98 
3848 3834 

3877 3840 

6923 61)13 

1721 1749 
J892 1926 


77 


The concentrations of the separate ions and of the various un-ionized 
substances were calculated by the method of approximations which has 
already been explained in publications from this laboratory. 1 This 
depends upon the assumption that the “ionization function" of a given 
salt, K « (anion) (cation) /(un-ionized salt), for example (Cu ++ )(I~)/ 
(Cul 2 ) for cupric iodide, depends only on the equivalent ion concentra- 
tion, and has the same value in a mixture as at the same ion concentra- 
tion in a solution of the pure salt. 

In the present instance accurate conductance data at 25 0 are not avail- 
able, and the calculations are based on the following assumptions: The 
ionization values for Cul 2 , Cu(I 3 ) 2 , Cu(N 0 8 ) 2 , Cu(Ac) a , and Mg(NO,) a are 
equal to the values for MgCl 2 calculated from the data of Kohlrausch and 
1 Cf. This Journal, 31, 754 (1909). 
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Griineisen 1 at 18 0 taking A 0 = 111.4; those for KI, HI, HI*, and HN 0 3 
are the values of KC 1 at 18 0 (A 0 = 130. 1), 2 which are practically equal 
to our own values of KI at 25 °; 3 and those for CuS 0 4 are the values of 
this salt at 1 8° (A Q ■= 115.7). 1 The ionization constant of acetic acid was 
assumed to be 1.8 X io -5 at 25 °. 

The validity of these assumptions may be tested in the case of Cul 3 
and Cu(I,) a by a comparison of the calculated and measured conduct- 
ances (Table I) in experiments Nos. 1 5 and 7. Since ordinary distilled 
water was used in these experiments the measured specific conductances 
must be reduced by from 2 to 5 X 10 ( \ and it is at once evident that the 
agreement is then a satisfactory one. In experiments Nos. 9 and 
10 the agreement is less satisfactory, which indicates that the degree 
of ionization of Cu(N(). } ) 2 is less than that of Cul,; a correction of 2 per 
cent., however, alters the value of the equilibrium function K f only from 
1.62 to 1.59 X icr 1 , since the concentration of I~ remains practically 
unchanged. 

The results of the calculations are presented in Table II Concentra- 
tions aie expressed in niillimols per liter in the table, but all calculations 
are based on molal concentrations. 

Table II Calculation’ or Kooiumkium Functions. 


Concentration* niillimol*; per liter 
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X 

r 

4, 



T 





h 





3 ' 


K 

w 

Jr} 



3 

1 


1 

3 






k 


I 

Water and CVl 4 
(Part, coeff. -=• 00) 

O 

XOO7 

7.01 

13 

06 

0 

065 

14. 

02 

1 

37 x 

10 8 

1 19 x 

IO 4 

2 

(Part, coeff. — 90) 

O 

1501 

7 <>7 

13 

84 

1 . 

50 

15 

34 

1 

39 X 

jo 3 

1 20 x 

10 1 

3 

(Part, coeff --- 90) 

O 

8040 

12 94 

16 38 

9 

5 « 

25 

88 

] 

39 X 

IO 3 

I 23 X 

IO 4 

i a 

Water and CC 1 4 
















(Part coeff. -86 5) 

O 

1047 

7 01 

13 

06 

0 

96 

14 

02 

1 

.42 X 

IO 3 

I 17 x 

10 

2a 

(Part, coeff. = 86.5)0 

1562 

7 67 

13 

85 

1 

49 

15 

34 

1 

45 X 

10* 

j 18 X 

10' 

3 « 

(Part, coeff. — 86.5) 

O. 

.8364 

12 94 

16 

4 i 

9 

47 

25 

88 

1 

45 X 

IO 3 

I 21 x 

10' 

4 

W T ater 

I 

3 2 

16 65 

t6 . 

80 

16 

50 

33 

30 

1 

34 X 

10* 

i 29 x 

IO 4 

5 

Water 

I 

32 

16 67 

16. 

82 

16 

52 

33 

34 

1 

34 X 

IO 3 

I 30 x 

IO 1 

6 

Acetic acid (o.iAT) 

I 

32 

16 97 

16 

94 

17 

14 

35 

35 

1 

30 X 

IO 3 

1 34 X 

It) 4 

7 

KI solution. . 

I 

32 

7 76 

26 

94 

20 

92 

53 

86 

1 

32 X 

IO 3 

1 55 X 

IO 1 

8 

CuS 0 4 solution . . 

I 

32 

38 45 

11 

93 

I I 

68 

7 (> 

91 

1 

35 X 

IO 3 

1 -5* X 

to 1 

9 

Cu(NO s ) 2 solution . . 

I 

32 

69 85 

9 

18 

8 

66 

139 

70 

1 

40 X 

IO 3 

1 .62 X 

10* 

10 

Cu(NO a ) 2 solution 

I 

32 

76 80 

8 

8 2 

8 

20 

153 

60 

1 

42 X 

IO 3 

1 .64 v 

IO 4 

11 

HNO, (0.1 13N). 

I 

•32 

16 81 

18 

.f >3 

19 

10 

128 

13 

1 

29 X 

IO 3 

1. 61 X 

IO 4 

12 

Mg(NO,)j (0.1 F) . 

I 

32 

17 53 

18 

20 

16 

86 

171 

06 

i 

42 x 

IO 3 

1 60 X 

IO 4 

* 3 - 

lMg(N 0 3 ) 2 (0.1F) . 1 
l 4 - HN 0 3 (0.005^)$ 

I 

32 

17 48 

18 

36 

16 

74 

174 

.80 

1 

.45 X 

IO 8 

i .62 x 

IO 4 


1 Kohlrausch and Griineisen, Lamlolt-Bot tiAicin- M eyerhoffer, page 745. 
8 Kohlrausch and Maltby, Ibid ., page 744. 

* This Journal, 32, 920 (1910). 
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An examination, of the values of the equilibrium function K — (I“) 
(1 2 )/(I 3 -) shows that in the first three experiments the values based on 
the partition coefficient 90 are lower and in better agreement with the 
remaining values than those based on the partition coefficient 86.5. 
Accordingly the results tabulated at Nos. 1-3 are accepted rather than 
Nos. la -3a. In neutral solutions the values of K lie between 1.32 and 
1.42 X ur 3 while in acid solution (Nos. 6 and 11) the values are slightly 
lower. 1 

In agreement with the results in potassium iodide solutions, 2 the de- 
viations from the law of mass action are in the direction that the values 
of K decrease with increasing iodide concentration. Thus when the 
total concentration of salt (iodide and tri-iodide) increases from 0.018 
(Kxp. 2) to 0.063 (Exp. 7) the values of K are 1.39 and 1.32 X io~ 3 , 
respectively— in good agreement with the corresponding values in the 
potassium iodide solutions, 1.38 and 1.33 X to -3 . From the present 
experiments it is evident that the presence of other salts, as copper nitrate 
in Nos. 8 and 9 or magnesium nitrate in No. 12, does not cause a similar 
decrease in the value of K. In the earlier investigation with potassium 
iodide solutions the conclusion was reached that the decrease of K with 
increasing concentration of the salt was due mainly to a decrease in the 
ratio of the activity 3 of tri-iodide ion to its concentration. The present 
experiments enable the additional conclusion to be drawn that in this 
reaction this influence of the salt is not general for all salts butisan indi- 
vidual effect for iodide- tri-iodide solutions. 

From the values of the second equilibrium function A v --- ,(Cu f *) 
(I“) 2 /(I 2 ) i , it is evident that this reaction conforms to the law of mass 
action as far as the influence of iodine is concerned. Thus K' is increased 
only 9 per cent, as a result of a 13-fold increase in the concentration 
of iodine (Expts. 1 and 4). Furthermore K' is almost unaltered by the 
presence of acetic acid (Nos. 5 and 6). 

In the remaining experiments, however, the deviations from the law 
of mass action are very marked. Thus K' .shows a 19 per cent, increase 
when the concentration of iodide ion is increased 60 per cent. (Nos. 
5 and 7), and a 26 per cent, increase when the concentration of cupric 
ion is increased 4.6-fold (Nos. 5 and 10). Finally there is the striking 
effect of the presence of a salt without a common ion, as magnesium 
nitrate or nitric acid, which results in a 23 to 25 per cent, increase in K' 
(No. 5 and Nos. 11-13). 

A closer examination of these results leads to the conclusion that in 
this reaction there is a relationship between the deviation from the mass 

1 Cf. Dawson, J. Chem. Soc., 79, 238 (1907). 

2 Bray and MacKay, Tins Journal, 32, 924 (1910). 

9 Cf. Lewis, Proc. Am. Acad., 43, 259 (1907); Z. physik , Chem M 61, 129 (1907), 
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law and the total ion or salt concentration. Thus the values of K' show 
a steady increase with increasing equivalent ion concentration, which 
is roughly independent of the nature of the salts present. To enable 
this relation to be easily seen, the experiments have been arranged in 
the table in the order of increasing ion concentration. 

This result is in perfect agreement with the results of other investiga- 
tions in aqueous solutions, such as the determination of the electro- 
motive force of concentration cells, or the effects of salts on the solubility 
of another salt. Thus, as pointed out in an earlier paper, 1 existing evidence 
indicates that in the case of a single ion the activity (A) increases somewhat 
less rapidly than its concentration (C) (when the latter is derived from 
conductance measurements), or in other words, that the ratio A /('decreases 
with increasing ion concentration. By taking into consideration the 
law (based oil the definition of activity) that the activity function A Cu ++ X 
A / A ^ is constant under all conditions, it could have been predicted as 
probable that the equilibrium (concentration) function K' = ( Cu ++ X (^-/ 
('J would increase with increasing ion concentration, which is the ex- 
perimental result deri\ed from the present measurements. 

Filially, it is intciesting to note that, when solid Cul and I 2 are both 
piesent, the equilibrium function (Cu + *)(I~) 2 has the same form as 
the solubility product of a hypothetical, difficultly soluble cupric iodide. 
It is therefore to be expected that the results of the present investiga- 
tion will be similar to those derived from investigations of the solubility 
of a salt in the picsence of other salts. Accordingly the increase in the 
value of A'' in K\pts. 5 13 indicates t hut under similar Conditions the 
solubility product of a difficultly soluble salt will not be constant, but 
will increase with increasing ion concentration. This conclusion is in 
agreement with the results of solubility investigations already obtained 
in this laboratory, which will soon be published. 

Summary. 

The equilibrium . 

Cul (solid) 4- y 2 l 2 = Cu + + 4- 2l“ 

has been investigated at 25 0 under widely different conditions. The 
ionic concentrations in the various mixtures were calculated by means 
of the empirical relations derived from conductance measurements. 

The values of the equilibrium function K ' = (Cu ++ )(I“)*/(I J )* show that 
this equilibrium conforms with the law of mass action only as far as 
the influence of iodine is concerned, and deviates from it when cupric 
salt, iodide, or other salt is added. In all these cases, however, the de- 

1 Bray and MacKay, Loc . cit. In the e. ni. f. measurements of concentration 
cells by Jahn and by Lewis and von Knde, formerly cited as examples of this rule, 
the ratio A/C was practically constant at low concentrations, but the decrease was 
marked in o.x normal solutions. 
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viations are of such a nature that K f increases with increasing ion con- 
centration. 

This result, when examined from the standpoint of activity, as de- 
fined by Lewis, furnishes another illustration of the apparently general 
rule that when~the~concentration of an ion is based on conductance meas- 

* *u 

urements the ratio of its activity to its concentration decreases some- 
what with increasing ion concentration. An important consequence 
of this rule is that the solubility product of a salt will not be exactly 
constant but will increase with increasing ion concentration. 

Values were also calculated for anothor equilibrium function K «■ 
(I")(I a )/(I 3 “). The results confirm the conclusion reached in an earlier 
paper that K decreases with increasing concentration of iodide, but show 
that other salts d > not produce a similar effect. 

Conductance* measurements were also made with a number of the equi- 
librium solutions. These show that cupric iodide % and cupric tri-iodide 
are ionized to the same extent as magnesium chloride, and that cupric 
nitrate is ionized to a somewhat less extent. 

Boston. July. 1910. 


[Contribution from thk H wkmkybr Chemical Laboratory of New York Uni- 
versity.] 

THE POTENTIAL OF IRON CALCULATED FROM EQUILIBRIA 
MEASUREMENTS.' 

By Arthur B. Lamb. 

Knowing the dissociation pressure of a metallic oxide, its heat of forma- 
tion, the change of its heat of formation with the temperature, the solu- 
bility of its oxide in water, and finally, knowing the single potential 
of the oxygen electrode, it is possible to calculate on the basis of the funda- 
mental laws of energetics and the concentration law the potential of the 
metal against a normal solution of its ions . 2 

Many metals give fairly definite and easily measurable potentials, 
especially when an amalgamated electrode can be employed . 8 When 
this is the case, an indirect calculation, such as the one just outlined, 
depending upon measurements of such difficulty as the dissociation 
pressures of metallic oxides at high temperatures, would be disadvan- 
tageous. The reverse calculation, that is, the calculation of dissocia- 
tion pressures from electromotive forces, would be more rational, and 
indeed, has most often been made. This is not, however, always the 
case. Many solid metals give rather variable potentials, and certain 

1 Presented in preliminary form before the New York Section, Dec. ii, 1908. 

3 van’t Hoff, Ostwald’s Klassiker No. no, pp. 76 and 103 (1885); also Lewis, This 
Journal, 28, 162 (1906). Z. phydk. Chem. f 55, 470 (1906). 

• Lewis, This Journal, 32, 732 (1910). 
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metals, such as iron, have yielded widely differing values of the potential. 
Thus Richards and Behr 1 found that the true potential of iron was ap- 
parently as high as 0.18 volt, for the porous form, and 0.15 volt for the 
massive, if the calomel electrode is taken as — 0.56, while other investi- 
gators had obtained values about a tenth of a volt lower. It is evident 
that in such a case as this a calculation of the potential from equilibria 
measurements might well be of interest. 

Unfortunately, measurements of the equilibrium between iron, fer- 
rous oxide and oxygen have not been made. It is certain, too, that 
such measurements would be very difficult of execution, for the tempera- 
ture necessary to produce a measurable dissociation of the ferrous oxide 
would be very high. However, equilibrium measurements upon the system 
iron, ferrous oxide, carbon monoxide and carbon dioxide can be used 
for the desired calculation, just as well as the direct measurement of 
the dissociation pressure of the ferrous oxide; for our knowledge of the 
carbon monoxide, carbon dioxide and oxygen equilibrium is relatively 
very satisfactory. By combining the equations for these two equilibria 
we can easily calculate the dissociation equilibrium of ferrous oxide. 

Baur and Glaessner 3 have made the necessary measurements of the 
equilibrium between iron, ferrous oxide and mixtures of carbon mon- 
oxide and dioxide. They found that at iooo° absolute, a mixture con- 
taining 40 per cent, carbon dioxide and 59 per cent, carbon monoxide 
was in equilibrium with a mixture of iron and ferrous oxide at atmos- 
pheric pressure. We can now calculate from the results of Nemst and 
v. Wartenberg 3 what the partial pressure of the oxygen must have been 
in this mixture of carbon monoxide and dioxide at this temperature. 
They found that at 1000 0 absolute and at atmospheric pressure carbon 
dioxide is 1.58 X io“* per cent, dissociated. Since 

TT Pco, _ 

p Pco X Pi 

where represents the equilibrium constant expressed in units of pres- 
sure, and p COt , p co , p (h the respective partial pressures, it follows that 


(1.58 X 1 o' 7 ) (7. 58 X i~o- 7 ) v 


2.25 X io 11 


Substituting the values of Baur and Glaessner in this equation, 


T~ Ji. iw ” 2.25 X io‘° 

(°-59) (Po,) 

and therefore, *= 0.95 X io”* atmospheres, at iooo° abs. 

1 Publication of the Carnegie Institution, No. 61; Z. physik. Chem., 58, 334 
(i9°7)- 

* Z. physik. Chem.., 43, 358 (1903). 

• Ibid., 56, 556 (1906). 
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It is also evident that equilibrium measurements similar to the above, 
but with carbon present as an additional solid phase, would be equally 
useful for evaluating the partial pressure of oxygen over ferrous oxide. 
Such measurements have been carefully made by Schenck, Similler and 
Falcke. 1 Marked differences in the total pressures were found when 
different varieties of carbon were used, but the relative amounts of car- 
bon monoxide and dioxide were found to be independent of this factor, 
as would be expected. v Since only these relative amounts of carbon 
monoxide and dioxide concern us in the present calculation, we can se- 
lect those measurements made in the immediate vicinity of i<xx>° abs., 
which happen to be those where amorphous carbon was used. Inter- 
polating for iooo° we find that the equilibrium mixture contained 61 
per cent, carbon monoxide and 39 per cent, carbon dioxide. Substi- 
tuting these values in the above equation derived from the results of 
Nernst and v. Wartenberg, we obtain for the partial pressure of oxygen 
at iooo° abs. 


P 0t - 0.81 X icr® 1 . 


This agrees excellently with the value 0.95. X 10 21 obtained from the 
results of Baur and Glaessner. The mean of both results is 


■ 02 


0.88 X io~ 


The dissociation pressure of oxygen over the oxide at 25 0 can be calcu- 
lated from this value by means of the van’t Hoff equation, knowing the 
heat of formation. We cannot, however, assume that the heat of forma- 
tion is constant over so long a range, and a modified form of the van’t 
Hoff equation must therefore be used. Such an equation has been de- 
duced by Lewis 2 and applied to a similar problem. It is 


In & 
P2 


U 0 

R 


(t.-t.) 


+ 


K 


— C, T, 
R n T,’ 


where 

U Q *« twice the heat of formation of ferrous oxide at absolute zero; 

Tj = iooo° absolute; 

T, « 298°- 

p t = the partial pressure of the oxygen at T, =* 0.88 X io~ 21 atm.; 
p 2 = the partial pressure of the oxygen at T 2 ; 

C *= the decrease in the heat capacity of the system 2FeO * 2Fe + O*, 
when a molecular weight of oxygen is liberated; 

R — the gas constant -> 1.985 cal./T. 

The value of C at 25 0 can be computed with some accuracy. Accord- 
ing to Pionchon’s 3 formula, representing his observations below 700°, 
the specific heat of iron at 25 0 would be 0.1116 cal./T. Taking Nernst 


i* 


1 Ber. y 40, 1708 (1907). 

• Loc. cit . 

• Ann. chim . phy$ ti [6] n, 72 (1887). 
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and v. WartenbergV formula for the molecular heat of permanent gases, 
based on Holborn and Austin's 2 measurements, the molecular heat of 
oxygen at constant volume would be 4.76 cal./T. The author and Mr. 
Barmeyer, in some unpublished measurements of the specific heat of 
ferrous oxide, found the specific heat of this substance to be 0.1660 cal./T 
at 25 0 to ioo°, or 0.1627 2 5°> assuming that its specific heat changes 

at the same rate as does that of iron. Referring these values to equiva- 
lent molecular quantities, we find that 

= 2 X (11.65) — 4-76 --2 X (6.23) 

= 6.08 cals. 

The mean value of C over the temperature interval of 25 0 to 72 7 °, 
which we require, can not be computed with as much accuracy, for the 
temperature coefficient of the specific heat of ferrous oxide is not known. 
An approximate value for C mcan can be obtained by assuming that this 
coefficient has the same relative value as that of metallic iron. Taking 
Pionchon’s measurements at 710° as a basis, we find that 116.9 cal. is 
required to heat one gram of iron from 25 0 to 727 0 , or 13056 cals, for 
tw r o-gram atoms. A gram molecule of oxygen would require 3400 cals, 
to be heated through the same interval. Assuming that ferrous oxide 
has the same temperature coefficient as iron below the recalescent point, 
two gram molecules of it would require 22,770 cals. It follows then that 
22770 — 3400 -13056 __ 6317 __ cal. 

C,nean “ ” 702 ~ 702 = 9 0 T ' 

The uncertainty in the assumption regarding the temperature co- 
efficient of the specific heat of ferrous oxide is so great that this value 
might be in error by as much as one or two calories. This inaccuracy 
has but a negligible effect on the final result. 

The heat of formation of ferrous oxide has been measured directly 
by Le Chatelier, 8 using a calorimetric bomb. He found it to be 64,600 
cal. at 1 7 0 and constant volume (for one gram molecule). The heat of 
formation at absolute zero may be found from the expression 
U 0 - U + CT. 

Therefore, U 0 -= 2 X (64,600) -f 6 (17 4- 273) cal. 

— 130,940 cal. 

Substituting these values in the above equation, we obtain 
p 2 = P 0j = 4.4 X io“ 00 atmospheres at 25 °. 

A cell at 25 °, consisting of an oxygen electrode and an iron electrode, 
plunged in a saturated solution of ferrous hydroxide, would then give 
zero electromotive force when the pressure of the oxygen over the oxygen 
electrode equaled 4.4 X icr 90 atmospheres. 

* Loc . cit. 

* Siizungsbcr d. kgl. preuss. Akad ., 1905, p. 175. 

* Compt. rend., 120, 623 (1895). 
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One can now calculate from the familiar equation of Nernst what elec- 
tromotive force such a cell would have if the pressure of the oxygen 
were increased to atmospheric, and, knowing the solubility of ferrous 
hydroxide or ferrous oxide, what the electromotive force would be were 
the iron and hydroxyl ions present in normal concentration. Thus, 
were the oxygen at atmospheric pressure, the electromotive force would 
equal 

0.059 , 1 . 

E — log 0 w _ g8 = +1.279 volts. 

4 8 X 10 88 

The solubility of ferrous hydroxide in water has been determined by 
Mr. Bridges and the author to be 1.35 X io“ 6 mols. at 25 °. Then, 
for the cell 

Fe/M/i Fe / 1.35 X io~"‘ M Fe / Fe 
E = — 0.144 volt, 

and for the cell 

0 2 atmospheric / M/i OH'/2.7o X io~ 5 M OH'/ 0 2 atmospheric, 

E = +0.269 volt. 

Combining these ceils we obtain for the cell 

Fe / M/i Fe- • / M/i OH' / 0 2 atmospheric, 

E = +0.866 volt. * 

Taking the normal calomel electrode as — 0.564 at 25 °, the potential 
of oxygen against normal hydroxyl ions is — 0.674, according to the 
recent investigations of Lewis 1 and others. 2 Hence the single potential 
of iron against a molecular normal solution of ferfous ion would be 

E = 0.192 volt. 

This value agrees excellently with the value o.iq volt obtained by 
Richards and Behr. 

The significance of this agreement can be determined only by an ex- 
amination of the experimental data as regards their probable errors, 
and the effect of these errors upon the final result. 

Of these data the one requiring the most careful scrutiny from this point 
of view is the heat of formation of ferrous oxide. The value 64,600 cal., 
used in the above calculation for this quantity, was obtained by Le 
Chatelier from an experiment with a calorimetric bomb. The heat of forma- 
tion of hydrated ferrous oxide calculated from three independent series of 
experiments 3 has an identical value in each case of 68,300 cal. at room tem- 
perature and constant pressure, or 68,000 cal. at room temperature and con- 
stant volume. This roughly confirms the value found by Le Chatelier for 

1 Z. phvsik Chem. y 55, 465 (1906); This Journal, 28, 130 (1906). 

2 Z. physik Chem., 56, 513 (1906); Ibid ., 59, 313 (1907). 

* Allows, Pogg. Atm. } 59, 439 (1843); Thomsen, J. prakt. Chem ., [2] n, 419 
(1875); Berthelot, Ann . chim. phys. t [5] 23, 118 (1881); see Ostwald, Lehrbuch II®, 
* 9 5 - 
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dry ferrous oxide, as we should expect a higher value for the hydrated 
form. The difference, however, is greater than the probable heat of 
hydration, and would indicate that Le Chatelier’s value was too low 
rather than too high. 1 

It appears improbable from these considerations that LeChatelier’s 
value is in error (probably low) by more than three per cent. This error 
would give rise to an error in the potential of iron of about 25 millivolts, 
and in the sense that a higher value of the heat of formation would give 
a higher value for the potential. 

The other data involved in the calculation afford less probability of 
error. Thus any considerable error in the value for the partial pressure 
is unlikely. The partial pressure was calculated from two independent 
series of observations and the resulting values agreed to within a few 
per cent. Data on the dissociation of carbon dioxide were involved in 
both calculations, but their accuracy is well established. It would 
seem highly improbable that the mean value for the partial pressure 
could be in error by 100 per cent., but even then the potential of iron 
would be altered only by seven millivolts. 

The solubility measurements were made by the Kohlrausch method 
and the value employed was the mean of several concordant results. 
It is improbable that this value is in error by more than ten per cent. 
An error of this magnitude would only affect the final potential by about 
three millivolts, and in the sense that an increase in the solubility of the 
hydroxide would raise the calculated potential. 2 

1 This heat of torn.aiion can be roughly calculated directly from the measure- 
ments of Uaur and Glaessner, for their e\j>entnents extended over nearly two hundred 
degrees. Applying the above combination of van’t Hoff's and KirchhofTs theorems 
to the experimental \ allies at 727 0 and 880 °. inserting the corresponding values for the 
dissociation as calculated from the observations of Nertist and v. Wartenberg, and 
using the same values for the specific heats, we obtain U 0 /j « 72,000 cal. or U )7 /2 — 
72,870 cal Or, starting from the fact that the Fe, FeO, CO, C 0 2 , 0 2 equilibrium curve, 
obtained by Daur and Glaessner, shows a minimum at (>8o°, and that hence the heat 
of reaction must be zero at this temperature, we know that there the heat of formation 
of carbon dioxide from carbon monoxide must equal the heat of formation of ferrous 
oxide. Using the data collected by Haber (Thermodynamics of Technical Gas Re- 
actions, p. 317), we find this to be 67,490 cal Correcting this to 1 7 °, using the same 
specific heat as above, we obtain U 17 /2 =* 70,470 cal The accuracy of liaur and 
Glaessner’ s measurements is not, however, sufficient for calculations of this sort - and 
the values here given may well be in error on that account by to per cent. They can 
do no more than roughly indicate that the heat of formation of ferrous oxide at high 
temperatures is the same as that at low temperatures, and that LeChatelier’s value 
for the heat of formation is perhaps too small. 

3 The uncertainty regarding the specific heat of ferrous oxide is of very slight 
importance in the calculation of the potential. An error of 50 per cent, in it would 
only affect the potential by about three millivolts. There is a slight error involved in 
taking the solubility of the ferrous hydroxide instead of that of ferrous oxide. The 
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Summarizing this calculation of the potential of iron and this discussion 
of the effect of the probable experimental errors on the final result, we 
may say: 

(1) That the calculated potential of iron against a molecular normal 
solution of ferrous ions, taking the calomel electrode as — 0.564 volt, is 
0.192, in excellent agreement with the experimental results of Richards 
and Behr ; 

(2) That, in so far as errors in the experimental data involved are 
concerned, this result can scarcely be in error by more than three centi- 
volts, and that it is probably too low, rather than too high. 

University Heights, New York City, 

June 20, 1910. 


[Contribution from the Bureau of Chemistry, U. S. Dept, of Agriculture.] 

THE INVERSION OF CANE SUGAR BY INVERTASE. VI. A THEORY 
OF THE INFLUENCE OF ACIDS AND ALKALIS ON THE 
ACTIVITY OF INVERTASE. 


By C. S. Hudson. 


Received July 9, 1910. 

In alkaline solutions invertase shows no activity, in weakly acid solu- 
tions its enzymotic power reaches a maximum from which it decrelses^ 
with increasing acidity. The simplest theoretical interpretation of 
this striking fact is that acids and alkalis combine with invertase by the 
principles of the law of mass action and prevent it from inverting c’Rne 
sugar. In the following calculations this hypothesis will be tested. 
If invertase combines with both acids and alkalis it is an amphoteric 
electrolyte and may be assumed to dissociate as follows: 

(1) Invertase ^ H 4 anion (acidic dissociation). 

(2) Invertase OH ' 4* cation (basic dissociation). 

If a units of invertase are dissolved in a unit volume of a solution con- 
taining hydrogen and hydroxyl ions in the fixed concentrations (//) 
and {OH), it w r ill form x units of anion and y units of cation, leaving 
a — x — y units of undissociated invertase. The mass-action law requires 
the fulfilment of the following conditions when equilibrium is attained: 


(3) - ( - a 


(x)\H) 


K u and (4) 


O') (OH') 


K, 


■x — y) “ w (a —x — y) 

The quantity a — x — y is the concentration of uncombined or undis- 
sociated invertase, and it is here assumed that the enzymotic activity 
is caused by this substance and is proportional to its concentration. 


difference, however, must be small, since, from the properties of ferrous oxide, we 
know that the heat of hydration is probably very small. Since the solubility of ferrous 
oxide, could it be measured, would be greater than that of ferrous hydroxide, this 
inaccuracy also tends to make the true potential higher. 
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Solving (3) and (4) for a — x — y gives 

Activity (i ... a X y) - —^4 . (j) 

. ' " R. (H) 

where K w is the dissociation constant for water. This formula contains 
the three coefficients a, K v and K 2} which are of unknown values; in order 
to determine the values of these coefficients the data which were found 
for the activity of invertase in three solutions containing small con- 
centrations of hydrochloric acid are used, namely: 1 


HCl concentration Activity of 

Normal invertase 

o 0005 62 

o 0015 6l 

o 008 37 


These data when introduced in equation (5) give the values a ~ 77, 
K 2 I K sv ~ 133, and K x =■ o.oocx)86, and formula (5) becomes 


Activity 


77 


1 + 133 ( H ) + 


0.000086’ (6) 

H 


From this formula the activities of invertase over a considerable range 
of acidity and alkalinity have been calculated and are recorded in Table 
I in comparison with the activities which were found experimentally 


Table I .—Calculated and Observed Activities of Invertase. 


HCl concentration. 

Calculated 

activity 

Observed 

activity. 

(io)“* (alkaline) 

0.001 

O O 

(io)"* 7 (pure water) 

O. I 

50 

(io)-‘ 

0 9 


(10)- 



0.00009 

39 

30 

0 0005 

(62) 

(62) 

0.0015 

(61) 

(61) 

0.002 

59 

.... 

0.003 

58 

58 

0.005 

45 


0.008 

(37) 

(37) 

0.01 

33 

.... 

0.02 

21 

.... 

0.03 

15 

— 

0.05 


.... 


By reference to the figure it will be seen that there is a remarkably 
dose agreement between the calculated and observed activities: the 
calculated values are shown by the smooth curve, the observed activi- 

1 This Journal, 32, 777. In line 7 of the page referred to, the word printed 
"acidity” should be “activity.” 
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ties by the circles. On account of the rapid destruction of invertase 
at 30 0 by acid above 0.0 1 normal the relation can ftot well be tested 
beyond that concentration, but it is probable that at o° such measure- 
ments can be made, and this will be attempted in the near future. 



The concentration of acid for which the enzymatic activity is a maxi- 
mum can be calculated from equation (5). Writing its first differential 
with respect to (#) equal to zero and solving gives 

( H ) max “ (7) 

Substituting in this the values previously found for these constants 
gives (//) max * o.8(io)~ 3 at 30°. Sorensen, 1 from his experiments 
at 52 °, has found this value to be approximately (io)~ 4 ; our results 
are thus in fair agreement with his, but they can not be strictly com- 
pared because of the different temperatures used, namely, 52 0 and 32 °. 


[Contribution from the John Harrison Laboratory of Chemistry.] 

METALLIC STRONTIUM . 2 

By Ben L. Glascock. 

Received July 23, 1910. 

In no case has strontium been obtained in sufficient amount to admit 
of a thorough study of its properties. The most complete investiga- 

1 Compies rendus des travaux du Laboratoire de Carlsberg, 8, 132 (1909). 

* From the author’s doctoral thesis, 1909. 
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lion thus far has been that of Guntz and Roederer, 1 who prepared the 
metal from its hydride, made from the amalgam. 

The purpose of the present investigation was to develop, if possible, a 
process nr ie metal could be obtained in sufficiently 

study of its properties. The electrolysis 
- .t he most promising solution. It had been 

* < . *11 and Matthiessen and by Stockem and 

4 . \ could be made in this way. The problem 

icsoived itself, then, into devising an improved or simpler form of appa- 
ratus, or a change in the electrical conditions. 

The objection to % the method of Bunsen and Matthiessen 3 is that with 
external heat, in addition to that afforded by the passage of the current, 
it is exceedingly difficult to regulate the temperature of the furnace so 
that a crust of chilled strontium chloride will always covei the bath in 
the inner cell. Stockem and Borchers avoided this difficulty by cc Elect- 
ing the metal at the bottom of the bath. They found that the metal 
did not combine with the strontium chloride to such an extent as to ren- 
der their method a failure. They cooled the bottom of the furnace, 
however, by means of a water jacket. The furnace of these workers 
is complicated, necessitating, as it does, the use of heavy insulation 
between the poles, a threaded point or rod for the cathode, and a water 
jacket for cooling purposes, all of which rendered the apparatus difficult 
of construction. 

The method of Goodwin 4 for the preparation of calcium suggested itself 
as a possibility for strontium. To test it, a furnace was constructed 
by firmly binding together four Acheson graphite blocks by means of 
four heavy iron straps and bolts. The dimensions of the blocks were 
10 cm. X 10 cm. X 30 cm. The two upper blocks had two semicircular 
sections sawed from them in such a way and of such a size that when 
they were fitted together they formed two holes 10 cm. deep, one 7.5 
cm. in diameter, the other 10 cm. These holes fitted directly over de- 
pressions in the lower set of blocks, made by chipping out the graphite. 
Asbestos paper was put in between the blocks and the whole tightly bound 
together by means of the straps and bolts. The use of the asbestos was 
to prevent leaks, not to serve as insulation. The furnace was then con- 
nected to the 4 terminal of the feed wires by means of one of the bolts ; 
thus all four blocks were connected with the current. An iron rod 2 cm. 
in diameter attached to the ratchet device used in the Goodwin furnace 
and connected to the — terminal served as the cathode. The circuit 

1 Compt. rend X43, 400-1. 

9 Elec. Metallurgies Borcliers, p, 84. 

* /. prakt. Ghent., 107, 253 (1869). 

4 This Journal, *7, 1403. 
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carried a 500-ampere ammeter and a uo-volt *efcer, and a wooden 
barrel rheostat. The electrodes in the barrel were ordinary slabs of 
scrap iron, one of which could be lowered or raised by means of a cord 
passing over a pulley. If such a furnace would serve for the preparation 
of calcium it would be an improvement over the more or fragile and 
complicated furnace of Goodwin, in that it could be taken*#^$ft e&ftiWy 
and the chilled calcium chloride left after the run easily removed, and 
in that it would do away with the use of the water-cooling apparatus^ 
the graphite blocks being massive enough to conduct the heat away as 
rapidly as the water coil would, and also in that it would do away with 
the “gravity’* cell of his furnace. 

To try out the furnace, one of the holes was filled Vith melted calcium 
chloride, which had been fused in an iron dish in a wind furnace, the 
cathode lowered into the bath and the current switched on. Metallic 
calcium began at once to form on the iron, and rods of the metal as much 
as twenty inches in length were easily drawn out by means of the ratchet 
de\ice. Each of the holes or furnaces were tried repeatedly. Each 
ga\e the same satisfactory results — they had equal efficiency. By re- 
peated trials with varying current, it was found that about 80 amperes 
and 40-50 volts gave the best results with this apparatus This, of 
course, is a matter that is entirely dependent upon the size and deptTi 
of the bath. The furnace, when full, contained enough calcium chloride 
to last six to eight hours with the above current, the yield in metal -being 
in the neighborhood of 300 grams. As the object of these experiments 
was merely to show whether or not the furnace could be used success- 
fully for calcium, no careful measurements or weights were taken with 
a view of ascertaining the efficiency of the apparatus. No inconvenience 
whatever was caused by leakage. Occasionally, however, a superficial 
lining of calcium fluoride was put into the furnace as an additional safe- 
guard. 

The Preparation of Metallic Strontium. 

The apparatus described above was used with strontium chloride as 
the electrolyte, but metallic strontium was never obtained. It was 
impossible to prevent its burning and its combination with the electro- 
lyte. It would not adhere to the cathode and thus become protected 
by a layer of strontium chloride, as is calcium in its preparation from 
calcium chloride. This may be due partly to the fact that it is less stable 
in the air than calcium is, and partly to the higher temperature of the 
electrolyte. 

A cathode 6 cm. in diameter was substituted for the smaller one, and 
the current was just sufficient to keep the electrolyte molten. A layer 
of strontium chloride mixed with a small amount of metal was found 
to cover the end of the iron. A considerable quantity of hydrogen was 



METAIXIC STRONTIUM. 1225 

evolved when th r *»« <re was thrown into water. Three trials were 
made with 47 ith the same result. 

A ' bout 0.3 cm. in diameter, was next tried. The 

< Tat the intense heat in the immediate vicinity 
. :id cause the liberated metal to fuse into globules 
■ cutting their removal. After electrolyzing for 4-5 hours, 
. current suflieient to keep the whole bath molten, the cathode 

.0 removed. No strontium was attached to it, nor were globules of 
the metal observed on the surface of the bath at any time during the 
operation. There seemed, however, to be less burning than usual. When 
the cold mass was broken open, it was found to be full of violet colored 
spots or nodules. These nodules gave considerable hydrogen when 
thrown into water. The experiment was repeated several times, but 
the results were never different. 

It was thought perhaps metal could be obtained if the temperature 
of the electrolyte were lowered. For this purpose baths of strontium 
chloride with varying amounts of strontium fluoride were used. The 
cathode was the same as that used for calcium — 2 cm. in diameter. When 
an electrolyte of strontium chloride and 10-20 per cent, of strontium 
fluoride with a current of 140- 150 amperes and 20-30 volts was em- 
ployed, globules of metal formed and floated about on the surface of 
the bath. vSeveral of these were taken out, but they ignited at once, 
burning energetically with an intensely red flame. When the burning 
metal was thrown on the floor it broke into pieces and flew in all direc- 
tions, tracing figures, as calcium or antimony does under similar condi- 
tions. When the cathode was removed, it was found to be covered with 
a layer of strontium chloride about 0.6 cm. in thickness, which contained 
so much metal that pieces of it glowed when struck violently with a ham- 
mer, and caused a brisk evolution of hydrogen when thrown into water. 
If a less powerful current was used, the metal burned as fast as it was 
formed, and if the current was allowed to fall after the metal began to 
separate, the globules were seen to glow and to gradually disappear. 

When a bath of strontium chloride and about 50 per cent, of strontium 
fluoride with a current of 125 amperes and 40 volts was employed, 
it was noticed that small glowing particles were distributed through 
the mass, and they seemed to fall slowly to the bottom. Upon remov- 
ing the cold material from the furnace, a thin black layer covered the 
bottom of it. It contained considerable metal and carbide. 

This observation led to the next logical step — a reversal of the poles. 
This was done by placing a strip of sheet iron between the upper and 
lower sets of carbon, thus forming, at once, the cathode and the bottom 
df the furnace. A thick piece of asbestos with a hole in it to fit the fur- 
nace was laid over the iron and the whole apparatus bound together as 
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before, after the upper set of blocks hf? ^en separated from the iron 
straps and bolts by thick pieces of asb' ’ carbon rod 2.5 cm. in 

diameter served as anode. In other v* ^ee of Stockem 

and Borchers had been arrived at, but in a m. -n. 

Using this furnace with the bath last described a^, ■ ... -to 

amperes and 70-80 volts for three hours, a layer was formed . 

which contained considerable metal and carbide. The metal . 
in globules. With a bath of strontium chloride and 25 per cent, of stro* 
tium fluoride and a current of 50-60 amperes and 50-60 volts for four 
hours a layer was obtained next to the cathode, which, in places, con- 
tained so much metal that when it was scratched, the whole took on a 
metallic luster. This, of course, soon disappeared because of the insta- 
bility of the metal in air. It decomposed water energetically. 

A bath consisting of strontium chloride and 10 per cent, of strontium 
fluoride was next used. The current was passed for 7 l / 2 hours. About 
half the time it registered 150 amperes and 20 volts, the other half 60 
amperes and 50 volts. 1 When the cold mass was broken open, it showed 
globules of metallic strontium. Many of the pieces were as large as a pea. 
Fourteen grams of the metal were separated. In addition to the metal 
several nodules of a brilliant yellow substance were found. This# was 
very brittle, and was rather stable in the air; when put into water ah 
energetic evolution of acetylene occurred. 

The experiment was repeated, with like results. 

An attempt was made to fuse together the pieces of metal that tvere 
too small to be separated mechanically. The residue was put into a 
2.5 cm. gas pipe, capped at the ends, and placed in a vertical position 
in a wind furnace. The strontium alloyed with the iron and holes 
appeared in the cap and pipe, although the temperature was much below 
that of the melting point of iron. 

The preceding experiences having demonstrated that any contrivance 
for cooling the furnace was unnecessary, it was decided to resort to an 
even simpler form of apparatus. To this end a cast iron vessel of hemi- 
spherical .shape 25 cm. in diameter and walls 0.6 cm. in thickness was 
made to serve as a container. To keep the liberated metal from con- 
tact with the air and also to carry out Stockem and Borcher’s idea of 
a small cathode, an iron rod 1.8 cm. in diameter, bent at right angles 
about two inches from its lower end, and this end then hammered to a 
blunt point, was made to serve as the cathode. A carbon rod 2.5 cm. 
in diameter was used as anode. By this arrangement, the current was 
made to pass entirely beneath the surface of the bath, since the vessel 

1 During this electrolysis the carbons of the furnace attained a red heat through- 
out. This would indicate that a water jacket is entirely unnecessary, since the meta# 
had been obtained under these conditions, 
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was deep enough to prevent the current passing to it and thence to the 
other electrode. It also admitted of the use of a porous cell arrange- 
ment — Bunsen and Matthiessen's idea. 

The vessel was filled with fused strontium chloride, the current switched 
on, and a porous plate interposed. The same bath was used on three 
different days, connection being established by drawing an arc from the 
iron cathode upon the anode by means of a thin carbon rod held in the 
hand until the electrolyte was sufficiently fused to carry the current. 
During the electrolysis the bath in the vicinity of the cathode was always 
covered with a crust of chilled chloride. A very small amount of metal 
was seen to burn, but when the mass was broken up after the third day, 
only about 1 gram of metal was found. 1 

In the next experiment the dish was made to serve both as container 
and cathode, the anode remaining the same. Pure strontium chloride 
was used as the electrolyte. A current of 75 amperes and 75 volts was 
passed for 3 1 / 2 hours. Fifteen grams of metal were obtained. There 
was a noticeable decrease in the amount of carbide observed. The 
globules were larger than heretofore. The mass was re-fused and a cur- 
rent of 75 amperes and 75 volts passed for eight hours. Toward the end 
of the electrolysis, globules of metal were seen to come to the surface 
and float to the edge of the dish and eithei bum there or sink. Efforts 
to remove these globules were not very successful. When the bottom 
of the electrolyte was disturbed by scraping it with a rod, large pieces 
of metal would rise to the surface, showing the presence of considerable 
strontium. 

It was thought that the metal could be made to run into one large 
piece, if the vessel and its contents were heated in a wind furnace. This 
was done. The strontium alloyed with the iron, however, produced 
a large hole in the bottom of the dish. The temperature was far below 
the melting point of iron. The iron in the vicinity of the hole was very 
soft, almost plastic, at low red heat. When cold it was hard and brittle, 
and had a diffeient fracture from cast iron. A small amount of hydrogen 
was given off when it was boiled with water. Some of the metal was 
thoroughly washed, dissolved in hydrochloric acid, the solution filtered 
from the insoluble matter, and sulphuric acid and alcohol added to the 
filtrate. A heavy precipitate formed at once. Enough strontium w r as 
present to give a dense precipitate with sulphuric acid even in the ab- 
sence of alcohol. 

An iron mortar 15 cm. in diameter at the top and 15 cm. high, having 

1 A very interesting observation was made at this point. When the residue 
was put into water, preparatory to recovering strontium chloride, a vigorous evolu- 
tion of acetylene and ammonia took place. The odor of phenyl isocyanide was also 
detected. The greater portion oF the carbon from the anode, however, remained as 
carbon when the residue was leached out with water. 
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a capacity of i liter, was substituted for the iron vessel just described. 
A current of 45 amperes and 75 volts for 8 hours gave about 7 grams 
of material which contained enough metal to render it malleable. Re- 
peated trials failed to give any better results. The vessel was too small. 

Another cast iron vessel of the same dimensions as the first one was 
procured. A carbon anode 8 cm. X 8 cm. was substituted for the smaller 
one. This large carbon permitted the use of a lower current density 
at the anode, thus reducing the temperature of the bath. With an elec- 
trolyte of pure strontium chloride and a current of 125 amperes and 40 
volts for 7 hours, 76 grams of metallic strontium were obtained, giving 
a current efficiency of 5.3 per cent. One piece of the metal weighed 
8 grams and several as much as 3 grams. This was the best yield ob- 
tained, but 30 to 50 grams were easily isolated by duplicating the above 
conditions. In all 360 grams of metallic strontium were made with this 
apparatus, which is extremely simple and involves the use of no ex- 
pensive material. It was found that passing the current longer than 
6-8 hours decreased the actual yield, the best percentage yield being 
when a current of 135 amperes and 35 volts was passed for only two* hours. 
29.5 grams of metal were isolated, or a current efficiency of 6.7 per cent, 
was attained. 0 

Vessels and anodes of varying size and electrolytes of varying com - 4 
position were tried out, but the conditions previously mentioned gave 
the best results. 

The best method for separating the metal from the mixture consists 
in crushing it on an ordinary iron plate, then sieving out the metal. 

Some very interesting phenomena and products revealed themselves 
during the process of recovering the strontium chloride from the melts. 
When the melt from the pure strontium chloride bath was extracted with 
water, there remained a residue which was soluble in hot water. Upon 
cooling this solution crystals separated. They had an alkaline reaction 
and all the properties of strontium hydroxide. 

Upon concentrating the mother liquor from these crystals, it took 
on a pink color, which grew more intense as the concentration proceeded. 
The solution was alkaline. On addition of acid the color changed to light 
yellow. Rases restored the pink color. This product was obtained 
repeatedly, but never in amounts large enough to permit of the determina- 
tion of its constitution. 

To remove the iron salts from the first water extract, containing most 
of the strontium chloride, the solution was evaporated to dryness with 
a small amount of nitric acid and then baked, the residue extracted 
H^ith water, and the extract made ammoniacal. The ammonium hy- 
droxide instead of giving a red-brown precipitate of ferric hydroxide# 
gave a voluminous white precipitate that resembled aluminium hydroxide. 



METALLIC STRONTIUM. 


1229 


Examination showed that it was neither an aluminium nor a titanium 
compound. 

When the solution was evaporated to dryness without the addition 
of nitric acid, a blue tint would often appear around the edges of the 
residue, suggesting the presence of cyanide in the solution. 

Properties of Metallic Strontium. 

Strontium is a very light, soft metal of a silver luster when a new sur- 
face is first exposed; this, however, rapidly changes to a yellowish tint 
and finally to a white non-lustrous surface as the layer of oxide forms 
over it. It is harder than sodium but softer than calcium; it can be cut 
easily with a knife. It reacts with water, with methyl and ethyl alco- 
hols, acetoacetic and malonic esters, and aniline with the evolution of 
hydrogen. It reacts slowly with ethyl iodide at the boiling point of 
the latter. It has no action upon silicon tetrachloride in either the hot 
or cold condition. It alloys with iron, and seems to combine with amor- 
phous chromium and boron when heated with them. It dissolves very 
easily in liquid ammonia, giving a deep blue solution from which a dark 
blue precipitate separates as more metal dissolves. As the ammonia 
evaporates from this precipitate it passes through the beautiful play of 
colors that a clean sheet of copper shows as it rools after being heated 
to a high temperature, finally exhibiting a bright bronze luster and pass- 
ing into a white compound as all the ammonia evaporates. Strontium 
bums in an atmosphere of carbon dioxide and illuminating gas as ener- 
getically as it does in air, but not so violently as calcium does under sim- 
ilar conditions. Carbon is set free and some carbide is formed when it 
burns in the former. Hydrogen and nitrogen unite with the heated metal 
when they are passed over it, forming the hydride and nitride, respect- 
ively. The hydride reacts more energetically with water and alcohol 
than the metal does. 

On analysis three different samples of the metal gave the following 
results : 



1 

11. 

III. 

Insoluble 

. ... 0.04 

0 04) 


Fe„O s (Al,0,) 

0.14 

0.02) 


Sr 

97 u 

98.50 

98-54 

Ca 



None 

Mg 

... 


None 

Cl 

i .75 



0 (by difference) 

0.96 

... 



100.00 




The specific gravity of strontium determined in dry toluene in a 50 
•cc. pycnometer gave the value 2.55. 

The specific heat of the metal, determined in an ordinary water calo- 
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rimeter, by putting a weighed amount of the metal into an ordinary test 
tube, covering it with a weighed quantity of dry toluene, and then the 
tube sealed off as near the surface of the liquid as possible, gave the fol- 
lowing results after corrections had been made for the toluene and glass 
by means of a blank : 

0.0779 

0.0701 

0.0736 

0.0757 average, o 0742 
* 0.0771 

0.0681 

0.0768 

This value multiplied by the atomic weight of strontium gives 6.5 as 
Dulong and Petit’s constant. 

Alloys. 

Various alloys of strontium have been described. Willner 1 has made 
and analyzed alloys of strontium with tin, magnesium and aluminium. 

An alloy of iron and strontium has not been mentioned in the litera- 
ture. Such an alloy made in an accidental way has been noted in the 
first part of this communication. Hirsch and Aston 2 have shown that 
pressure is necessary for the alloying of calcium and iron. It was thought 
that strontium and iron would unite at atmospheric pressure. To test 
this assumption some iron, reduced by hydrogen (90 per cent.), was 
put into a hard glass tube, a few pieces of strontium placed oh top ot it, 
and the whole covered with iron. The tube was drawn down to a capillary 
and then sealed off, when the end containing the mixture was heated 
to low redness. It was then heated in a good blast lamp. When the 
fusion point of glass was reached the sides of the tube just above the 
iron fell inward ; heat was applied until the glass began to be blown out- 
ward. When a bright red heat was reached, portions of the contents 
were seen to glow. Upon breaking open the tube, a lump of rather 
hard metallic alloy was found inside. On filing, it presented a bright 
homogeneous metallic surface; the luster soon disappeared, however. 
The alloy decomposed water readily. On analysis it gave: 


Per cent. 

Insoluble ... o 32 

Iron 70.14 

Strontium 22.95 


An alloy was made by fusing iron by hydrogen in the electric furnace 
and then plunging strontium into the molten mass. A better one, how- 
ever, was obtained, by plunging the metal into molten cast iron. Each 
slowly evolved hydrogen from water. 

Philadelphia, Pa. f 

1 Dissertation, Freidrich Wilhelm Universit&t, Z. Berlin, 1907. 

* Proc. Am. Electro-chem. Soc., 13, 143. 
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THE RAPID DETERMINATION OF COPPER, SILVER, CADMIUM 
AND BISMUTH BY MEANS OF THE MERCURY CATHODE 
AND STATIONARY ANODE. 

By R C. Hennkr 
Received Jul\ 11, 1910 

In the search for rapid methods in electrochemical analysis, all desire for 
simplicity seems to have departed. Various means have been used to 
agitate the electrolyte. The rotation of the anode or cathode by mechanical 
means, the use of a solenoid, and the passing of a gas through it have 
all been tried, but not until recently has any one thought that the evolu- 
tion of the gas by the electrolytic current might stir the electrolyte 
sufficiently to allow the metals to be deposited in an adherent and 
weighable form. This has been done by vStoddard , 1 Frary 2 and the 
author 3 with the gauze electrode, in case of copper. It has been shown 
qualitatively by Stoddard 4 with the mercury cathode and stationary 
anode, for copper, silver, etc. 

In both cases the current densities are higher than ordinarily used 
with stationary electrodes. With th^ gauze electrode of the author’s 
there was used a current density of io amperes for every 100 square 
centimeters, and in case of the mercury cathode made use of in this work, 
a normal density of 35 to 40 amperes. This proves that the rate of depo- 
sition in a weighable form must be due, at least in part, to the stirring 
of the electrolyte by means of the liberated gas. 

Therefore, in order to determine whether the evolution of gas would 
stir the liquid sufficiently to allow complete deposition to take place 
rapidly and in a weighable form, higher current densities than had been 
used before for this purpose, were utilized in carrying out the determina- 
tion of several metals by means of the mercury cathode and a stationary 
anode. 

In order to avoid all danger of loss by the rapid evolution of gas by 
high currents, taller electrodes than used by Smith were constructed. 
When these contained 40 to 50 grams of mercury, they did not overload 
the balance. The mercury used in these determinations was distilled 
and purified by the method of Hillebrand each time before using. In 
each case, after the deposition in question was complete, the mercury 
was washed with distilled water until the current dropped to zero. The 
current was then broken, leaving the beaker full of water and the anode 
examined for small globules of mercury by means of a magnifying glass. 
Mercury was frequently carried to the anode, either by washing or by 
the rapid evolution of gas from the cathode but could usually be removed 

1 This Journal, 31, 385 (1909). 

* May meeting of the American Electrochemical Society. 

• /. Ind. £wg. Chem,, 2, 348. 

4 hoc. cit . 
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by rinsing the anode up and down in the water contained in the beaker. 
After the anode had been freed from mercury, the water was either poured 
or siphoned off and the last part removed by means of a capillary tube. 
The cathode was then washed with absolute alcohol, the greater portion 
poured off, the last part being removed by the capillary tube. Finally 
it was washed with ether, the greater portion poured off and the remainder 
allowed to evaporate. The electrode was placed in a desiccator for one- 
half an hour. The removal of the last of the water by means of a siphon 
with a capillary end makes one washing with alcohol and one with ether 
sufficient. 


Copper. — Copper, being one of the easiest metals to determine elec- 
trolytically, with accuracy, under the most varied conditions, was se- 
lected for the preliminary work. To carry out these experiments, two 
solutions of nitrate were prepared by dissolving weighed amounts of 
chemically pure copper foil in the smallest possible amount of nitric acid, 
diluting to a definite volume with water and checking the copper content 
by electrolysis with platinum electrodes. The two solutions contained re- 
spectively 0.3731 and 0.1912 gram of copper in ten cubic centimeters. 

The solutions were electrolyzed with currents varying from three to 
four amperes in 20 cc. of solution, both sulphuric and nitric acid solu- 
tions being used. 


Amount of copper. 



Volume of the 
solution. 

Acid, 

4 drops 

Taken 

Found. 

Error. 

Amperes. 

Volts. 

O.3831 

03835 

O.OOO 4 

3-4 

6-8 

20 CC. 

H*so 4 

0.3831 

0.3837 

0.0006 

3“4 

6-8 

20 CC. 

no acid 

0.3831 

0.3832 

0.000 1 

3~4 

6-8 

20 CC. 

no acid 

O.3831 

0.3834 

0.0003 

3-4 

6-8 

20 CC. 

4 drops nitric 

0.3831 

0.3831 

0.0000 

3-4 

6-8 

20 CC. 

4 « « 

0. 1912 

O.I 9 I 9 

0.0007 

3-4 

6-8 

20 CC. 

4 “ * 

O. 1912 

O. 1911 

0.0001 

3-4 

6—8 

20 CC. 

4 - H,SO< 

O.1912 

O.I913 

0.0001 

3-4 

6-8 

20 CC. 

4 w - 

O.I912 

O.I906 

0.0006 

3-4 

6-8 

20 CC. 

no acid 

O.1912 

O.191O 

0.0002 

3-4 

6-8 

20 CC. 

no acid 

0. 1912 

O. 1912 

0.0000 

3-4 

6-8 

20 CC. 

no add 


Rate of Precipitation. 

In the determination of the rate of precipitation, 20 cubic centimeters 
of solution were electrolyzed, with a current of four amperes and six to 
seven volts, in the presence of four drops of concentrated nitric add. 


Time 


Amount of copper. 


min 

Taken. 

Found. 

I 

0.3831 

O.0535 

3 


0.1767 

7 

0.3831 

0.3485 

10 


0.3782 

15 

0.3831 

0.3827 

20 


0 . 3833 Copper all out, 
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Examination of the preceding determinations shows that the results 
were equally good under any of the conditions used, being as accurate 
as those obtained with the rotating anode and mercury cathode. The pre- 
cipitation was not as rapid in this case as where the electrolyte was agitated 
by mechanical means. , This was more than compensated for, however, 
by the simplicity of the apparatus and was not enough slower to be detri- 



mental to the use of this method. It was possible, in 20 minutes, with 
a current of four amperes, to precipitate 0.3833 gram of copper from 
20 cubic centimeters of solution containing four drops of concentrated 
nitric acid. It has been observed that a black deposit, which was taken 
to be the peroxide, formed on the anode but redissolved as the electrol- 
ysis neared completion. The copper amalgam was washed without delay 
as soon as the electrolysis was complete, as oxidation takes place readily. 

Silver. — Silver, as well as copper, is easily and accurately determined 
by all electrolytic methods. To carry out the experimental work on 
silver, a solution was prepared by dissolving a weighed amount of chem- 
ically pure silver foil in the smallest possible amount of nitric acid and 


diluting to 

a definite 

volume. Ten 

cubic centimeters 

of this 

solution 

Silver 

T lfisent. 

Silver 

found. 

Error. 

Acid Amperes 

Volts. 

O.1428 

O.I430 

0.0002 

None 

4-5 

7-8 

0.2856 

0.2862 

0.0006 

u 

4-5 

7-8 

O.I428 

O.1427 

0.0001 

5 drops HjS0 4 

4-5 

7-8 

0.1428 

0.1425 

0.0003 

u 

4-5 

7-8 

0.1428 

O.1425 

0.0003 

4 drops HNO g 

4-5 

7-8 

O.2141 

O.2147 

0.0006 

u 

3-4 

4-5 

0,2141 

0.2146 

0.0005 

4 drops HjSO* 

3-4 

4-5 
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contained 0.1428 gram of silver. The solution was then electrolyzed 
under the same conditions as copper with the additional trial of .several 
organic acids. 

Rate of Precipitation , — In order to determine the rate of precipitation 
20 cc. of the solution were electrolyzed with a current of four amperes 
and six to seven volts in the presence of about one drop of nitric acid. 


Amount of Copper 

Time. copper taken. precipitated 

1 0.2856 O.1534 

2 o 2856 0.2167 

3 0.2856 O 2300 

5 0.2856 o 2790 

7 0.2856 0.2841 

10 0.2856 o 2862 Silver all out. 


Examination of these results shows them to be comparable in every 
way with those obtained by means of the rotating anode and mercury 
cathode. It was possible to deposit 0.2862 gram of silver in ten minutes. 



Weights of silver deposited 

Large amounts of mineral acids retard the rate of precipitation and give 
irregular results. All but about one in every ten are low. Citric, tar- 
taric, oxalic and acetic acids were used with results similar to those ob- 
tained with large amounts of mineral acids. 

Cadmium . — While cadmium has been accurately determined by means 
of the rotating anode and mercury cathode, it may also be determined 
by the method used for copper and silver with equally good results. 
A standard solution was made by dissolving chemically pure cadmium 
sulphate in water. The cadmium content was found, by the ordinary 
electrolytic method, to be 0.4828 gram of the metal in 10 cc. This solu- 
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tion was electrolyzed in the usual manner, both hot and cold, with equal 
success, as will be seen by consulting the following results. It was possi- 



Wmithls of cadmium deposited 


ble to precipitate 0.5743 gram of the metal in the short period of ten 
minutes. 

Amount of cadmium. Volume. 


Taken 

Found 

Hrror Amperes 

Volts. 

Time 

Acid. 

Temp 

Solo 

O 4828 

O 4821 

O.OOO7 

* 3 “ 4 

7-8 

15 

4 drops HNO a 

hot 

20 CC 

O 4828 

O 4819 

O OO09 

3—4 

7-8 

15 

« 

cold 

20 CC. 

0 4826 

O 4834 

O 0006 

3-4 

7-8 

20 

no acid 

hot 

20 CC. 

0 0656 

O 9649 

O OOO7 

3~4 

7-8 

20 

4 drops HNO, 

«< 

20 CC 

O 4828 

0 4832 

O 0004 

3-4 

7-8 

15 

« 

cold 

20 CC. 

O 9656 

O.9660 

O OOO4 

3“4 

7-8 

20 

“ 


20 CC. 

O 4828 

O 4836 

0.0008 

3-4 

7-8 

20 

u 

“ 

20 CC. 

O 9656 

O 9651 

O.OOO5 

3“4 

1 

oc 

20 

4 drops H 2 SG 4 

K 

20 CC. 

O.4828 

O 9635 

O OOO3 

3-4 

7-8 

20 

u 


20 CC. 


The rate of precipitation was determined with a current of four am- 
peres and seven to eight volts, in the presence of five drops of concentrated 


sulphuric acid in 

Time 

20 cc. of solution. 

Amount of 
cadmium taken, 

Amount of 
cadmium found. 

I 

0.5743 

O.II31 

2 

0-5743 

0 3339 

3 

0.5743 

0.4783 

5 

0.5743 

0.5566 

IO 

0.5743 

0 . 5743 Cadmium all out . 


Most methods for the determination of bismuth are far from satisfac- 
tory. This is true of most electrolytic, as well as of the common analytical 
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methods. In the electrolytic methods the range of conditions for quanti- 
tative deposition of the metal in a weighable form is, as a rule, small, 
and must be strictly observed to obtain the best results. The best and 
most consistent results are obtained by the use of the mercury cathode, 
and rapid deposition may also be obtained by combining this with the 
rotating anode. In order that the rapid determination of this metal 
might be tried with the stationary anode and mercury cathode, a standard 
solution of bismuth was made by dissolving some chemically pure bis- 



Weights of bismuth deposited. 

muth trioxide in the smallest amount of nitric acid which will hold the 
bismuth in solution when diluted to one liter with water. The amount 
of bismuth contained in io cc. of the solution was determined by pre- 
cipitating with ammonium carbonate, igniting and weighing as the oxide. 
The electrolytic determinations were made under the usual conditions 
in the presence of varying amounts of acid, both nitric and sulphuric 
acids being used with equally good results, as will be seen by reference 
to the following table. 


iuth present. 

Bismuth found. 

Error. 

Amperes. 

Volts. 

Time. 

Acid added. 

O.4650 

0.4647 

0.0003 

3-4 

6-7 

20-30 

none 

O.4650 

0.4649 

O.OOOI 

3“4 

6-7 

20-30 

u 

O.2325 

0.2326 

0.0001 

3-4 

6-7 

20-30 

x cc. of HNO s 

O.2325 

0.2325 

0.0000 

3-4 

6-7 

20-30 

u 

O.2325 

O.233X 

0.0006 

3-4 

6-7 

20-30 

yi cc. of HjS0 4 

O.2325 

O.2327 

0.0002 

3-4 

6-7 

20-30 

y 2 cc. of h,so 4 

O.4650 

0.4655 

0.0005 

3-4 

6-7 

20-30 

none 

O.465O 

0.4658 

0.0008 

3-4 

6-7 

20-30 

a 
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The original solution contained 0.85 cc. of concentrated nitric acid 
to every 10 cc. of solution. 

The rate at which bismuth was precipitated was determined with 
20 cc. of the solution containing 0.4650 gram of bismuth in the pres- 


ence of 1.20 cc. of concentrated nitric acid. 


Time. 

Bismuth taken. 

Biamuth found. 

I 

0.4650 

0.0510 

3 

O . 4650 

O. I IOO 

5 

0.4650 

O. 2263 

7 

0.4650 

0.3244 

10 

0.4650 

O 3622 

15 

0.4650 

O.4027 

20 

O . 4650 

O.4528 

25 Bismuth all out. 

0.4650 

0.4645 


During the electrolysis, what was taken to be the peroxide always 
collected on the anode, but, as in other cases, it always dissolved without 
any trouble before the determination was complete. The smaller the 
amount of acid present the more likely this was to form. In one or two 
cases small amounts of the oxide did not dissolve from the anode where 
it was rough but the amount was not weighable. A black precipitate 
of bismuth frequently collected under the anode on the mercury but as 
the electrolysis proceeded this amalgamated without difficulty. It *was 
possible to precipitate, by means of this method, 0.4659 gram of bis- 
muth in 25 minutes. Taking it all in all, this is as good a method as we 
have for the determination of bismuth. 

Summary. 

(1) The apparatus is as simple as any electrolytic apparatus made. 

(2) The deposition by this method is nearly as rapid as by the rotating 
anode and mercury cathode. 

(3) The results are as accurate as those obtained by other methods 
where mercury is used as the cathode. 

University or Arizona. Tucson. 


THE ESTIMATION OF SMALL QUANTITIES OF NITROGEN BY 
PELOUZE’S REACTION. 

By A. T. Davenport. 

Received July 2. 1910. 

During some recent work, in which the writer was engaged, it became 
necessary to estimate very small quantities of nitrogen occurring in the 
form of nitrates. Various methods for the determination were tried, 
but none of those which are ordinarily satisfactory, quite supplied the 
needs in this particular case. Among all the methods tried, that which 
most nearly fulfilled all the conditions imposed was one in which the 
following reaction, originally employed by Pelouze, was used: 
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6FeCl 2 + 2KN0g 4- 8HC1 - 3*^01* -I- 2KCI + 4H 2 0 + 2NO. 

More than fifteen different forms of apparatus, employing as many 
different methods of procedure, have been designed for the analysis of 
nitrates by the ferrous chloride reduction method. This variety in 
methods for conducting the analysis is evidence that it is difficult to get 
a process universally satisfactory, and also evidence that the determina- 
tion is based on good fundamental principles, and worthy of effort spent 
to perfect the mechanical operation. 

The development of methods has followed two distinct lines. In one 
direction, speed and ease of manipulation have been sacrificed for ac- 
curacy — this trend is illustrated in the extreme by vSchlosing’s intricate 
but accurate method of analysis. In the other direction, accuracy has 
been more or less neglected in an effort to eliminate all awkward opera- 
tions and time-killing refinements, and here a method devised by P. 
Wagner easily leads the rest in so far as simplicity is concerned. Wagner 
collects the evolved nitric oxide over water in graduated cylinders, which 
are directly compared with a similar cylinder containing nitric oxide 
from a weighed amount of pure potassium nitrate, and kept, as nearly 
as possible, under the same conditions. The most generally used of 
the more refined methods in which high accuracy is maintained is^thajt 
one Worked out by Schultze, and modified by Tiemann. In Schultze- 
Tiemann’s apparatus the liberated nitric oxide is collected in a jacketed 
burette over caustic soda solution, and the volume corrected to stand- 
ard conditions according to the regular procedure in gas analysis. I11 
the method to be described below, an effort has been made to combine 
the good points in Wagner’s, and the Schultze-Tiemann methods, and 
to eliminate as many as possible of the defects. 

Some of the most important features found in the new method are: 
measurement of the gas volume over caustic soda solution in a jacketed 
burette graduated to 1/20 cc., as in the Schultze-Tiemann method, 
thereby insuring a thorough washing of the gas, and protecting it against 
sudden and local heating, or cooling, as may occur in Wagner’s method. 
Correction of the gas volume by comparison with a standard volume con- 
tained in another burette under identical physical conditions which does 
away with lengthy calculations employed in the method of Schultze 
and Tiemann. Besides these features, the apparatus is so designed that 
it does away with several of the awkward operations belonging to the 
Schultze-Tiemann method, and thereby, approaches the simplicity of 
Wagner’s procedure. 

A description of the apparatus and method of operation is given below. 

Details of Operation. 

C and F are nearly filled with 25-27 per cent, caustic soda solution. 
By alternately opening pinchcocks h and k the caustic in F is allowed 
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to replace the air in E and /. The stopcocks cc are opened and with a 
slight vacuum, the burettes are filled with caustic solution from F. 

Next, 50 cc. of a nitrate solution, of a strength suitable to the capacity 



A— Water jacket containing two burettes graduated to 1/20 cc. 

B~ Distilling flask in which the nitrates are decomposed. 

C — Glass dish containing caustic soda solution. 

D- -Beaker of water to act as a seal. 

E — Glass bulb filled with caustic soda for washing and cooling the nitric oxide. 
/«' - — Glass basin containing caustic soda from which the burettes are filled. 

G — Compressed air 
H — Vacuum. 

/--Gas. 

t, t and / Glass bells for collecting gas. 

A dropping funnel having a capillary stem. 
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of the burettes, is placed in the flask B. The pinchcock n is opened, 
and the gas burner, which is on a movable support r, is swung under the 
flask. When the liquid begins to boil, the flame is swung from under 
the flask, and n closed while m is opened to allow caustic from C to rise 
by suction in the outlet tube x, as far as the fork. Then m is closed, 
and the heating of B continued. As soon as pressure begins to develop 
in the flask, as shown by the inflation of the rubber connections, n is opened 
and all the air in B boiled out through the water in D. 

Next, the flame is removed from under the flask, and n closed. As 
soon as a vacuum begins to form, 15 cc. each of concentrated ferrous 
chloride solution, and concentrated hydrochloric acid are introduced 
through the dropping funnel p , care being taken to close the stopcock 
before any air can rush through. The heating of B is renewed, and as 
soon as a slight pressure forms, the pinchcoeks m and k are opened, when 
the liberated nitric oxide passes over and collects in E, where it is cooled 
and washed. After all the gas has passed over as shown by a cessation 
of bubbles, a partial vacuum is again formed in the flask, and the small 
amount of gas dissolved in the excess of ferrous chloride is extracted by 
the suction — upon reheating this residue of gas is driven over into E. 

Next, one of the glass bells t is placed over the outlet from E, 'ant} 
pinchcock k closed, and h opened, when the gas passes up into the burette. 

After standing for three minutes, the volume of the gas is noted. 
A standard nitrate solution is made by dissolving 1 gram of pure potas- 
sium nitrate in 250 cc. of distilled water. Under the conditions of the 
test one cc. of the standard solution gives practically 1 cc. of gas, so in 
case we have 10 cc. of gas in the above operation, 10 cc. of the standard 
solution are decomposed according to the above procedure, and Jthe gas 
passed into the other burette for direct comparison with the neighboring 
gas volume. 

At the completion of an analysis the stopcock c is opened, and com- 
pressed air carefully bubbled through E, when the burette is quickly 
swept free from nitric oxide. 

A determination can be made in ten minutes, and the results of con- 
secutive analyses agree very well as can be seen from the following table : 

Analysis showed - - 
10 cc of solution to be equivalent to 

10.55 cc - °f NO, or 8.81 cc. of NO at o° and 760 nun 

10.60 8.85 

10.60 8.85 

10.50 8.77 

10.65 8.89 

10.60 8,85 

10.70 8.93 

10.65 8.89 


10.61 Average 


8.86 Average 
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Solutions of pure potassium nitrate were used, 1 gram of potassium 
nitrate in 250 cc. of water at 20 °. Ten cubic centimeters of this solu- 
tion are equivalent to 8.86 cc. of nitric oxide at o° and 760 mm. 

Considering the average volume 10.61 cc. of NO as being equivalent 
to 8.86 cc. of NO at o° and 760 mm. the factor 0.835 was deduced with 
which the column of corrected volumes was obtained. 

If there is a doubt as to whether the nitrate used for standard is pure, 
or whether all the gas is being driven over it is a simple matter to transfer 
the gas to a Hcmpel burette, and measure it under atmospheric pressure. 

The direct comparison of gas volumes not only simplifies calculations, 
but also introduces the safeguards of a duplicate test against error. 

The method of analysis has been in use at this laboratory for more 
than a year, and the article is published with permission of the E. I. du 
Pont de Nemours Powder Co. 

Experimental Station, 

E I mt Pont db Nemours Powder Co., 

Wilmington. Delaware 


THE ANALYSIS OF TIN-ANTIMONY ALLOYS. 

Bv LeKoy W McCay. 

Received August 9, 1910 

The fact that hydrogen sulphide precipitates the antimony only from 
a dilute hydrofluoric acid solution containing tin in the higher and anti- 
mony in the lower stage of oxidation serves as an excellent means for 
the quantitative separation of these two elements. 1 If the solution be 
a hydrochloric or sulphuric acid one, the addition of hydrofluoric acid 
converts the metals into their fluorides, and the solution can then be di- 
luted indefinitely without becoming turbid. The mixture of stannic 
sulphide, antimonious and antimonic sulphides and free sulphur obtained 
in the regular course of analysis was, until recently, 2 always dissolved 
in warm concentrated hydrochloric acid in a small platinum dish, hydro- 
fluoric acid added, the solution filtered into a large platinum dish hold- 
ing about 500 cc., and from the diluted solution the antimony precipita- 
ted in the cold with hydrogen sulphide as antimonious sulphide. The 
objection, however, to this method of dissolving the tin and antimony 
sulphides is that the accompanying sulphur, along with that which sepa- 
rates from the pentasulphide, forms, or seems to form, a protecting coat- 
ing about some of the antimonious sulphide, so that it remains unattacked 
by the hydrochloric acid. Even after two extractions with the warm, 
concentrated acid antimony can generally be detected in the sulphur. 

1 This Journal, 31, 373 (1909). 

2 The neutralization of the solution with sodium hydroxide and the addition to 
it, after introducing the hydrofluoric acid, of an excess of sodium acetate has proved 
unnecessary. See original paper, loc. cit. 
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If the treatment of the sulphides with the acid be carried out in a small 
flask attached to a reflux condenser, the reaction is soon complete, for 
here the acid can be boiled and kept boiling without there being any 
danger of antimonious chloride escaping. However, such a method for 
bringing the antimony into solution is far too tedious. The difficulty is 
avoided if concentrated sulphuric acid heated to strong fuming be em- 
ployed as the solvent. The reaction goes on smoothly and rapidly, 
and is complete in from twenty to thirty minutes. The tin is converted 
into stannic, the antimony into antimonious sulphate. During the reac- 
tion, sulphur dioxide escapes along with the fumes of sulphur trioxide, 
and considerable sulphur volatilizes, a part of which condenses upon the 
clock-glass covering the dish in which the solution is made. The sul- 
phur which remains is in the form of yellow or brown globules. I have 
tested it again and again for antimony, but have never found that it 
contained more than a trace. In each case the washed globules were 
dried and rubbed to a fine powder in an agate mortar, the mass was ex- 
tracted with warm, concentrated hydrochloric acid, the solution filtered 
and hydrogen sulphide passed into the filtrate. Some attempts made 
to determine the antimony colorimetrically go to show that it never 
amounts to a tenth of a milligram. When the solution of the sulphates 
as above obtained is cool, it, together with the sulphur, is transferred to a 
small platinum dish with a minimum amount of water, the hydrofluoric 
acid added, the liquid heated, cooled, diluted and filtered (paraffined 
funnel) into the large platinum dish where the precipitation of the anti- 
mony with hydrogen sulphide is made. A platinum or paraffined glass 
tube is used for introducing the gas into the solution. The antimonious 
sulphide precipitated from a sulphuric acid solution containing hydro- 
fluoric acid is pure, barring a trace of sulphur which can be rapidly and 
completely extracted with a mixture of equal parts of absolute alcohol 
and carbon disulphide. 1 Dried at no 0 it is free from water, nor does it 
after such drying suffer any loss when heated to blackness in a current 
of carbon dioxide. The sulphide is not absolutely insoluble in the liquid 
from which it is thrown down. The solubility, however, is very small, 
and can in most cases be neglected. Some experiments made with 
Kahlbaum’s purest antimony indicate that the filtrates from the sulphide 
contain on an average 0.0004 gram antimony. 2 The solubility seems to 
increase with the quantity of hydrofluoric acid employed. When just 
enough of the latter (8-to drops of a 48 per cent, solution) is added to 
prevent hydrolysis, the precipitation of the antimony by hydrogen sul- 

1 Thiele, Z anal Chew., 30, 479 

2 The volume of the solution from which the antimony was in each case precipi- 
tated amounted to roughly 450 cc. The solution contained 8-10 cc, concentrated 
sulphuric acid and 5 cc. hydrofluoric acid, 
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phide is complete. 1 The sulphide is best collected in a Neubauer cruci- 
ble and washed with water saturated with hydrogen sulphide and strongly 
acidified with acetic acid. The filtrate is evaporated in platinum on the 
sand bath, heated to fuming, and the thick liquid poured into a liter of 
water : 

Sn(vS0 4 ) 2 4- 4H 2 0 - H 4 Sn0 4 + 2 H ; S0 4 . 

Before weighing, the stannic oxide should be strongly ignited in the 
presence of ammonium carbonate. 

Concentrated sulphuric acid heated to fuming or, if necessary, to boil- 
ing is also admirably adapted for decomposing the alloys of tin and anti- 
mony. Unless the amount of lead in such an alloy be very great it re- 
mains behind as pure lead sulphate which, after diluting the solution 
somewhat, adding hydrofluoric acid and then water and alcohol, can be 
filtered off, washed, dried and weighed. The advantage of separating 
and determining the lead at this stage of the analysis, and in such a sim- 
ple manner, will be evident lo all familiar with the difficulties ordinarily 
encountered in separating lead from antimony. The filtrate is caught 
in a paraffined beaker, one of ceresin, 2 or in the large platinum dish placed 
under a bell-jar resting on a ground-glass plate, and furnished with the 
necessary adjustments for filtering by suction. The hot sulphuric acid 
converts the tin into stannic, the antimony into 'mtimonious sulphate. 
The alloy should be in the form of filings or very fine borings, and the 
treatment with the acid carried out in a covered porcelain or quartz dish, 
heated on the sand bath. Half an hour after the acid commences to 
fume strongly the decomposition is ordinarily complete, and the con- 
tents of the dish are then transferred to one of platinum in which 5 cc. 
of hydrofluoric acid 3 diluted with 20 cc. of water have been placed. The 
stannic and autimonious sulphates are converted into fluorides, while 
the lead sulphate remains undissolved. When hard leads and type 
metal containing over 50 per cent, of lead are treated in this way the re- 
sulting lead sulphate is apt to be gray and contain several milligrams 
of antimony. In such a case the lead sulphate should, after drying, 
be mixed with six times its weight of a mixture of equal parts of sulphur 
and sodium carbonate, and fused in a covered porcelain crucible at a 
barely red heat for fifteen minutes. In making this fusion I find it best 
to use a small burner flame about 5 cm. long. The ring carrying the tri- 
angle and crucible is lowered until the tip of the flame not only touches 

1 This observation and the fact that the antimonious sulphide when dry is free 
from all foreign matter have led me lo undertake a revision of the determination of 
the equivalent of antimony. 

* Baker Chem. Co , Phillipsburg, N. J. 

a The amount of hydrofluoric acid necessary will dejjend, of course, on the quanti- 
ties of tin and antimony present. For all of the alloys which I have thus far exam- 
ined 5 cc. of the 48 j>er cent, acid have proved sufficient. 
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the bottom of the crucible but spreads out so as to lick the sides to some 
extent. The mixture of sulphur and antimony sulphides obtained by 
acidifying the sulpho-salt solution is dried, dissolved in a small amount 
of hot, concentrated sulphuric acid, diluted somewhat, a little hydro- 
fluoric acid added (small platinum dish), and the filtrate from the sulphur 
combined with the main tin and antimony solution. The lead sulphide 
is then converted into the sulphate and weighed as such. 

Hydrogen sulphide precipitates from the filtrate from the lead sulphate 
not only the antimony but any copper which may be present. 1 Their 
separation is best effected with colorless sodium sulphide or hydrosul- 
phide. Mr. G. W. Thompson uses for this purpose a concentrated solu- 
tion of potassium hydroxide. Although I prefer the colorless sodium 
sulphide as a solvent for the antimonious sulphide, the method of Mr. 
Thompson has given me very satisfactory results. The cupric sulphide 
can be dissolved in nitric acid and the copper determined electrolytically. 
To determine the antimony I collect the precipitate from the sulpho- 
salt solution in a Gooch crucible and heat it to blackness in a current of 
carbon dioxide. The operation is conducted as follows: The crucible 
with its contents is placed in a ring on the end of a platinum wire and 
lpwered to the bottom of a large test tube of hard glass. The tesf tube 
which is 25 cm. long and 4.2 cm. internal diameter, is clamped at an angle 
of 45 0 , so that the lower end is about 35 cm. above the top of the table, 
and closed with a doubly perforated rubber stopper carrying two tubes. 
The one through which the carbon dioxide is introduced passes through 
the center of the stopper and is shoved down until the end is just oppo- 
site the mouth of the crucible; the lower end of the other tube, which is 
short, is flush with the stopper, and simply serves for the escape of the 
gas. When all the air in the test tube has been displaced by carbon di- 
oxide, the upper part of the full flame of a Bunsen burner is moved briskly 
around and in contact with the bottom of the tube, and in from fifteen 
to twenty minutes all the sulphur is driven off. During the operation, 
I have never noticed the volatilization of any antimonious sulphide due 
to overheating. The apparatus is exceedingly simple, and the results 
obtained with it leave little to be desired. The crucible should cool 
in the current of carbon dioxide. To remove the crucible without hav- 
ing it come in contact with the condensed sulphur, slip a piece of glazed 
paper down the tube and draw the crucible up over it.* 

The filtrate from the antimonious and cupric sulphides is heated in a 
platinum dish on the sand bath, and when the water and most of the 

1 Bismuth, cadmium and arsenic (ous) are also precipitated. Since the alloys 
thus far examined by me contain no bismuth or cadmium, and only traces of arsenic, 
the separation and determination of these elements have not been considered. 

* Henz, Z. anor%. Chem., 37, 11 (1903). 
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hydrofluoric acid have evaporated, the remaining liquid is heated more 
strongly until sulphuric anhydride fumes are given off freely. When the 
solution has cooled it is pouied at once into an excess of water. The 
hydrolysis of the stannic sulphate can be hastened by neutralizing most 
of the free acid with ammonia water and heating the solution to boiling. 
Equally good results can be obtained by precipitating the tin as stannic 
sulphide and converting this into the oxide by roasting, or by transform- 
ing the sulphate into the double oxalate of tin and ammonium and de- 
termining the metal electrolytically according to Classen’s method. 

Since I have received a number of letters requesting information as 
to the details of the general scheme observed by me in applying this 
hydrofluoric method to the analysis of tin-antimony alloys, I would say 
that the following course of procedure will be found satisfactory in most 
cases. If the directions given are in places not sufficiently full and clear, 
the reader is referred to the preceding pages. 

Place from 0.5-1 o gram of the alloy, preferably in the form of filings or 
fine borings, in a quartz or porcelain dish, cover the dish with a clock- 
glass, and introduce through the lip 10 cc. of concentrated sulphuric 
acid. Place the dish on the sand bath, heat it rapidly until fumes of 
sulphuric anhydride begin to escape, and continue the heating for about 
half an hour. If at the end of this time the solution is clear, and the 
underlying lead sulphate pure white, remove the dish from the bath, let 
it cool, and transfer its contents at once to a platinum dish of 250 cc. 
capacity containing 5 cc. 48 per cent, hydrofluoric acid and 20 cc. of 
water. Use a rubber-tipped rod and the least possible amount of water 
for removing the lead sulphate adhering to the porcelain dish. Heat 
the solution to boiling, stirring all the time with a platinum spatula to 
prevent bumping. Dilute to 150 cc., cool, add 50 cc. of 95 per cent, 
alcohol, stir, and let the lead sulphate settle. Collect the lead sulphate 
in a Neubauer crucible, or on a filter paper fitted in a paraffined funnel, 
wash thoroughly with water containing one-fourtli its volume of alcohol 
and a little sulphuric acid, dry, ignite, and weigh. If the Neubauer cruci- 
ble is used, place it in a larger one of porcelain and then ignite. When 
the alloy contains more than 50 per cent, of lead the sulphate is apt to 
be gray and contain antimony. In such a case the sulphate should be 
fused with soda and sulphur according to the directions already given. 
The filtrate from the lead sulphate, as above obtained, is caught in the 
large platinum dish placed under the bell-jar provided with the various 
adjustments for filtering by suction. To avoid splashing it will be found 
well to cover the dish with a paraffined clock-glass with a hole in the 
center, through which the end of the stem of the funnel or crucible support 
is passed. Dilute the filtrate to about 450 cc. and introduce the hydro- 
gen sulphide through a platinum or paraffined tube which is suspended 
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above the center of the dish and lowered until the end in the solution 
is a centimeter above the bottom of the dish. Let a rapid current of the 
gas pass through the solution for one hour. Permit the precipitate to sub- 
side, filter and wash with water containing acetic acid and saturated 
with hydrogen sulphide. Suck the precipitate as dry as possible, unfold 
the filter paper and spread it out in a shallow porcelain dish, add some 
colorless moderately concentrated sodium sulphide, cover with a 
clock-glass, and place on the water bath. Add water, filter off the clear 
fluid, treat the residue again with sodium sulphide, digest a short time, 
repeat the same operation a third time, bring the residue onto the filter, 
and wash it with water containing a little sodium sulphide. Dissolve 
the cupric sulphide in nitric acid and determine the copper electrolytic- 
ally. Collect the precipitate obtained by acidifying the sulpho-salt solu- 
tion with sulphuric acid in a Gooch crucible, wash it with water contain- 
ing hydrogen sulphide, dry and heat it to blackness in a current of carbon 
dioxide in the apparatus described. The tin in the filtrate from the 
cupric and antimonious sulphides can be determined according to any 
one of the three methods mentioned above. 

Personally, I prefer to throw down the tin in the form of stannic 1 acid 
by pouring the thick sulphuric acid solution into an excess of # water. 
The stannic acid so obtained is very pure, barring a little sulphuric acid 
which, however, is readily expelled by igniting the stannic oxide in the 
presence of ammonium carbonate. 

Mr. G. W. Thompson, of the National Lead Co., has very kindly sent 
me two alloys which I have analyzed according to the above scheme. 
Mr. Thompson has also given me the formulas according to which the 
alloys were prepared, and furnished me the analyses. His process for 
separating tin from antimony is a modification of the Clarke method. 1 
Alloy 2 was also examined by one of our fellows, Mr. H. K. Rankin, who 
analyzed it according to both the Thompson and hydrofluoric acid meth- 
ods. 

Alloy /. — Samples taken at random from various parts of the bottle 
did not give me sufficiently constant results, so I took from the bottom 
of the mass about five grams which, since the alloy is quite brittle, I 
ground to a fine powder in an agate mortar. This powder was employed 
in making the analyses. My results, along with those reported, are 
given in the following table. 

I did not examine the alloy for arsenic. In each case the amount of 
lead sulphate obtained was too small to weigh. This alloy does not 
seem to be homogeneous in composition. 

1 Private communication. See also his paper, “Method of Analysis of Alloys of 
Tin, Antimony and Copper,” J. Soc . Chem. Ind. t 15, 179 (1896). 
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Formula 

Constituents. pet cent. Reported. HF-niethod. HF-melhod. 

Lead .. 0.26 trace trace 

Antimony 40 39.32 38.35 38.30 

Tin 60 60 42 61 38 61.47 

Copper o 13 0.14 o 13 

Arsenic trace .... 


joo 100 13 99 87 99-90 

Alloy 2 . — The results of both methods agree in a very gratifying way, 
as will be evident from an inspection of the following table: 

Rankin. 


Constituents. 

Formula. 
Per cent 

Reported. 
Per cent 

Thompson- M. 

HFM 

McCay. 

HF-M. 

Lead .... 

. . 48 

4* 

oc 

47 41 

47 34 

47 43 

Antimony 

10 

lO 42 

10.45 

10.43 

10.33 

Tin 

40 

40 30 

40 44 

40 44 

40.42 

Copper 

. . 

1 88 

1 89 

1 73 

1 80 

Arsenic 


0 .<)(> 





100 

ICK> 04 

100 19 

99 94 

99 98 


No attempts were made to determine the arsenic. The alloy is un- 
doubtedly very homogeneous in composition. 

The fact that this method for separating tin from antimony involves 
the use of a platinum dish holding 500 cc. militates seriously against 
its general use. 1 I have recently found that the analysis of an alloy 
can be made in glass vessels, prodded one possesses a platinum dish 
holding 250 cc. in which the lead sulphate can be separated from the 
tin and antimony with the rather concentrated hydrofluoric acid, and 
the filtrate from the cupric and antimonious sulphides evaporated to 
fuming in order to expel the acid. The hydrofluoric acid solutions are 
so dilute during the other operations that they have little action on 
good glass, and the salts formed all remain in solution provided one 
works rapidly. The solution left on evaporating in platinum the filtrate 
from the cupric and antimonious sulphides contains a little calcium 
sulphate and possibly some silica; but on diluting the solution the former 
dissolves and the latter can, if necessary, be filtered off. Of course, 
the dilution should not be too great, nor should the diluted liquid be 
heated prior to filtration, for hydrolysis might take place and some stan- 
nic acid separate out. I have analyzed both alloys, using an ordinary 
250 cc. platinum dish, and Jena beakers, with the following results: 

Now these results are fully as good as those obtained by working en- 
tirely in platinum. In closing I would say that by first treating alloys 
very high in lead with dilute nitric acid, evaporating, and then adding 
concentrated sulphuric acid and heating to fuming, the alloys appear 
1 O. Brunck, Private communication. Th. During, Ckem. Ztg., 34, 747. 
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to be completely decomposed. Whether in the presence of such large 
amounts of lead sulphate 5 cc. of 48 per cent, hydrofluoric acid are suffi- 
cient to transform all the accompanying stannic and antimonious sul- 

r. 2. 

Per cent. Per cent. 


Lead trace 47-41 

Antimony 38.30 10.46 

Tin 61.30 40.40 

Copper 0.12 1.82 

Arsenic .... 


99.7 2 100 09 

phates into fluorides remains to be seen. Any antimonie acid formed 
by the nitric acid can be reduced to antimonious oxide by sprinkling 
some sulphur over the concentrated sulphuric acid, after all the nitric 
acid has been expelled, and again heating to strong fuming for about 
fifteen minutes. The reduction is of course effected by the sulphur 
dioxide formed. 

prikcbton..n. j. 

[Contribution from the John Harrison Laboratory of Chemistry] 

THE DETERMINATION OF INDIUM WITH THE USE OF A MERCURY 

CATHODE. 

By Lily G. Kollock and Edgar JK. Smith. 

Received July 23, 1910. * 

Thiel 1 recommends the use of a silver-plated platinum cathode for 
the deposition of metallic indium. Dennis and Greer 2 found that this 
metal may be readily precipitated on a rotating platinum dish cathode 
from solutions of its chloride or nitrate in the presence of pyridine, hy- 
droxylamine or formic acid. 

The purpose of the present communication is to offer the results ob- 
tained in the electro-analytical behavior of indium toward a mercury 
cathode. 

A solution of indium sulphate (10.15 grams of metal in 500 cc.) con- 
taining a small amount of free acid was the electrolyte. A mercury 
cup of the usual form was employed. 8 The method followed and pre- 
cautions taken were identical with those described in the determination 
of other metals with the same apparatus. 

With a total dilution of 10 cc., a current varying from 2 to 4 amperes, an 
e. m. f. of 7.5 to 6.5 volts, and an anode rotating 750 times per minute, 
the following results were obtained : 

0.X013, 0.1008, o.ioxo, 0.1013, 0.1011, o.ioio, 0.101 x , 0.10x1 gram 

1 Z. anorg . Chem., 39, 119. 

* Ber., 37, 75; This Journal, 26, 438. 

9 Smith's Electro-analysis, p. 58, 4th Ed. 
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The time for actual electrolysis was 15 minutes. Doubling the quan- 
tity of solution also gave concordant results after 18 minutes’ action of 
the current : 

0.2021, 0.2021, 0.2020, 0.2021, 0.2019, 0.2021 gram 



The accompanying time curve was made under the following condi- 
tions: 

Vol. of sol 10 cc. 

Indium present 0.2020 gram 

Current strength 2.5 amperes 

E. m. 7 5-5 -5 volts 

R, p. m. of anode 75° 

Dr. John Frazer, of this Laboratory, conducted a number of determina- 
tions of indium, using a platinum cathode with a platinum spiral anode, 
rotating 250 to 400 times per minute. In the presence of o.i cc. of con- 
centrated sulphuric acid and a few drops of gelatin a beautiful, adherent 
deposit of indium was obtained with a current of N. D I00 = 3 amperes 
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and a pressure of from 4.5 to 5 volts. The precipitation was complete 
in twenty-five minutes. 

A potassium cyanide electrolyte proved satisfactory; while in the. 
presence of 2 grams of sodium acetate, 0.2 ec. of normal acetic acid and 
several drops of gelatin, a current of 5.6 amperes and 4 volts deposited 
the metal in a beautiful, adherent form in forty minutes. The tem- 
perature of the electrolyte was maintained at 60 The most satisfac- 
tory deposits of this metal were obtained, however, from an electrolyte 
containing from 0.75 gram to 1.5 grams of Rochelle salt. They were 
brilliant in appearance and perfectly adherent. They resembled such 
coatings as are produced by fresh aluminium paint. They were pre- 
served without alteration or loss of luster. 

University of Pennsylvania 


[Contributions from the Havemeyer Laboratories, Columbia University, 

No. 180.] 

A NEW VOLUMETRIC METHOD FOR THE DETERMINATION OF 

MANGANESE. 

By V J Metzger and Ron but K McCrackan f 

Received July 20. 1910 ‘ 

In a previous number of This Journal 1 mention was made of the fact 
that manganese, in sulphuric acid solution, was oxidized to the yuadri- 
valent form by means of sodium bismuthate, and that the manganese 
remained in solution in this state of oxidation. It is the purpose of 
this paper to describe a method based on the above principle whereby 
the manganese may be accurately determined. 

Solutions Used. — A o.t N potassium permanganate solution, and a 
solution of ferrous sulphate of about equivalent strength. A solution 
of manganous sulphate was prepared and carefully standardized gravi- 
metrically by weighing as pyrophosphate. 

Method. — Place 50 cc. of the standard manganese solution in a 300 cc- 
Erlenmeyer flask, add 10-15 cc. of concentrated sulphuric acid and allow 
to cool. Add 1-2 grams of finely powdered sodium bismuthate in such 
a way that none of the powder sticks to the sides of the flask. Place 
the flask in a beaker of water so that the level of the solution is several 
inches below the level of the water in the beaker. Heat slowly to boiling 
and boil till the precipitate of basic bismuth compound settles well and 
has a granular appearance (about 20 minutes* boiling is usually neces- 
sary). Remove the flask and cool under running water, add a known 
excess of ferrous sulphate solution, dilute to about 200 cc. and titrate 
back with standard permanganate solution. 

i Metzger and Heidelberger, This Journal, 32, 643. 
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The manganese standard of the permanganate is calculated from the 
reaction which may be represented thus: 

Mn++ + + f 2Fe ++ — > Mu * 4 4- 2 Ke+ 4 + . 

Or the value of the permanganate in terms of iron multiplied by 0.4918 
gives the value in terms of manganese. 

The following table of results will give an idea of the accuracy of the 


method : 




No. 

Mn taken. 

Mn. found 

Error. 

I 

. . . 0.0981 

■ O.0979 

— O 0002 

2 

. . O 0981 

OO975 

-0.0006 

3 

0 098 1 

O.0973 

0.0008 

4 

0.0981 

O.0974 

- 0 0007 

5 

0.0981 

0 0980 

0 0001 

6 ... . . 

0 og8 1 

0 0981 

dt 0 0000 


The method is quite rapid und the end point is sharp and distinct, 
being the usual pink color in a solution containing a white precipitate. 
The application of the method to the analysis of spiegel and manganese 
ores is now under way, and we hope to work out a method which will 
be rapid and accurate and not possess the disadvantages inherent in 
the Volhard method. 

Quantitative Laboratory 


THE USE OF ORGANIC ELECTROLYTES IN CADMIUM SEPARATION. 

Hy Mary E Hoiaikh and Maky V Dover 
Received August 1. 1910. 

In a previous paper 1 it was shown that currents below one ampere 
possess undoubted advantages for electrolytic separations when the 
rotating anode is employed, that study was concerned with the sepa- 
ration of cadmium from the metals of Groups I IT and IV and from mag- 
nesium at currents of 0.3 0.4 ampere, using the sulphuric acid and also 
the acetate electrolyte, and comparing the results obtained with those 
of other investigators wrorkirig at high currents. It was clear that the 
possibilities of work in the line of electrolytic separations were almost 
limitless and that the work on cadmium alone called for a much more 
extended investigation, using other metals and a greater variety of elec- 
trolytes. 

The present work was undertaken in order to test further the useful- 
ness of low currents in cadmium separations. The alkaline earth metals 
were used and the acetate, formate, and lactate electrolytes. Corre- 
sponding separations were made with both low and high currents (i. e., 
five amperes), but in no case did the high currents prove desirable. 
Whether cadmium was used alone or in presence of other metals, the de- 
posits were dark in color, spongy, not adherent, difficult to dry, and in 
1 This Journal, 30, 1865. 
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most cases very evidently not worth weighing. Whenever they were 
weighed, the results were very high. In the case of low currents, how- 
ever, interesting and accurate results were obtained, though the deposits 
varied considerably in character and in accuracy with the different elec- 
trolytes employed. 

During this work it has been evident that each variety of ion present 
in the solution exerts a very definite influence on the deposit. The 
presence of two kinds of ions in a solution may produce a decidedly differ- 
ent deposit from that obtained by the influence of either ion alone. For 
instance, in the previous work conducted with cadmium sulphate solu- 
tions with the sulphuric acid electrolyte, smooth adherent deposits of 
fine crystalline structure were obtained. The deposits from a cadmium 
sulphate solution using the acetate electrolyte were more coarsely crys- 
talline, and if another metal were present, e. g., aluminium, the crystals 
tended to sponginess and therefore to occlusion of the mother liquor, 
unless carefully washed with hot water. These same conditions were 
observed when a cadmium acetate solution was used with the acetate 
electrolyte, so that in general it may be said that the sulphate ion aids 
in forming a finely crystalline, compact deposit, while the acetate ion 
causes the deposit to be more coarsely crystalline with a tendency to 
sponginess. The presence of the sulphate ion always seems to improve 
the character of a deposit, no matter what other ion may be present. 

As in the previous work, a platinum dish of about 200 cc. capacity 
was employed as the cathode, but as a dish anode was not available, 
the ordinary spiral anode was used, the time required being not much 
more than is necessary with the dish anode, i, e. t forty-five minutes to 
one hour. It is possible that the dish anode may produce firmer deposits, 
but certainly the spiral anode has proved to be very useful in such cases. 
Solutions of cadmium salts containing not more than 0.2 gram of cad- 
mium metal in 10 cc. were used. 

I. The Acetate Electrolyte. 1 

The acetate electrolyte was first suggested since it was impossible to 
use the sulphuric acid electrolyte with all the alkaline earth metals. To 
10 cc. of cadmium acetate solution, 2 grams of ammonium acetate and 
1 cc. of acetic acid were added, the solution diluted to about 125 cc., 
heated to the boiling point, and electrolyzed for one hour, using 0.3 
ampere and 2.4-3 volts. As a result, 0.1744 gram of cadmium was re- 
peatedly deposited and the remaining solution showed no test for cad- 
mium when treated with hydrogen sulphide. Then a series of separa- 
tions was made of cadmium from the alkaline earth metals under the same 
conditions. About 0.2 gram of metal was represented by the amounts 
of calcium, strontium, and barium acetate solutions used. Two sepa- 
1 This Journal, 27, 1275. 
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rations from calcium gave 0.1744 gram of cadmium, two from strontium, 
0.1742 gram and 0.1744 gram respectively, and one from barium 0.1746 
gram. Another separation was tried from a mixture of all three metals, 
calcium, strontium, and barium, the cadmium obtained weighing, as 
before, 0.1746 gram. 

Owing to the fact that calcium sulphate is comparatively easily soluble, 
it was found that the separation of cadmium from calcium is possible, 
using a cadmium sulphate solution with an acetate electrolyte. Better 
results were obtained, however, when the free acid was omitted from the 
electrolyte. To 10 cc. of a cadmium sulphate solution, 2 grams of am- 
monium acetate were added, the solution diluted as usual, and after 
heating to the boiling point, electrolyzed, using 0.3 ampere and 2.5-3 volts 
for one hour. In two successive determinations, 0.1968 gram and 0.1970 
gram were deposited, no test for cadmium being obtained in the solution. 
When 1 gram of calcium acetate was added to 10 cc. of the same cadmium 
sulphate solution and electrolyzed under the same conditions, 0.1968 
gram of cadmium was obtained. These deposits were very satisfactory, 
clean and smooth, with few crystals of any size, easily washed and dried, 
showing the valuable influence of the presence of the sulphate ion. The 
character of the deposit was not changed by the presence of calcium. 
Determinations corresponding to these were made, using as electrolyte 

1 cc. of acetic acid in addition to the 2 grams of ammonium acetate. 
The character of the deposits was almost as good as in the other cases, 
but the weights were low. From the cadmium sulphate solution alone, 
only 0.1958 gram and 0.1956 gram were deposited in two successive 
trials instead of 0.1968 gram. In presence of 1 gram of calcium acetate, 
0.1960 gram and 0.1962 gram were obtained. The solutions all gave 
slight tests for cadmium with hydrogen sulphide. Hence it was con- 
cluded that in these cases the free acid hindered the complete precipita- 
tion of the cadmium. Similar trials were made, using the cadmium 
sulphate solution with strontium and barium acetates, but as was to be 
expected, precipitates of strontium and barium sulphates interfered 
with the work. 

II. The Formate Electrolyte . 1 

The effect of the formate electrolyte was next investigated Condi- 
tions were first determined for the complete deposition of cadmium 
from a cadmium formate solution; then the separation of cadmium from 
calcium, strontium, and barium was effected, using the formates of these 
metals. The electrolyte used was ammonium formate in presence of 
formic acid. With 10 cc. of the cadmium formate solution were mixed 

2 grams of ammonium formate and 1 cc. of formic acid, the solution diluted 
as usual, heated to the boiling point, and electrolyzed for forty-five min- 

1 This Journal, 27, 1275. 
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utes, using 0.3 ampere and 1-2 volts. In one trial, 0.1942 gram of cad- 
mium was deposited and again, 0.1944 gram. In presence of 1 gram of 
calcium formate, under the same conditions, 0.1944 gram of cadmium 
was obtained. Using 1 gram strontium formate, the deposit weighed 
0.1946 gram, and with 1 gram barium formate, 0.1946 gram. In all 
these cases, no other ion was present except the formate ion, so that the 
character of the deposits was due entirely to that ion. Whereas the 
deposits were crystalline and adherent and of good color, and the weights 
obtained were concordant, very careful washing was necessary, particu- 
larly when the alkaline earth metals were present. The results on the 
whole were better than when the acetate electrolyte was used alone. 

When cadmium sulphate solution was used, however, with the formate 
electrolyte, very excellent deposits were obtained, showing again the 
influence of the sulphate ion. To 10 cc. of the same cadmium sulphate 
solution (containing 0.1968 gram of cadmium metal in 10 cc.) were added 
2 grams of ammonium formate and 0.5 cc. of formic acid. After diluting 
and heating to the boiling point, the solution was electrolyzed for one 
hour, using 0.3 ampere and 0.8-1 volt. A deposit was obtained weigh- 
ing 0.1968 gram. In another trial o. 1970 gram of cadmium was obtained. 
Upon the addition of 1 gram of calcium formate, using similanr condi- 
tions, 0.1968 gram of cadmium again came down. The deposit seemed 
not to be altered in any way by the presence of calcium. Some free acid 
was found necessary in all these determinations, as cadmium formate 
is somewhat difficultly soluble; and if a formate is used alone as electro- 
lyte, a white precipitate of cadmium formate interferes with the work. 

A third series was made using cadmium acetate as a starting point 
with the formate electrolyte. From 10 cc. of a cadmium acetate solu- 
tion, it was found that the cadmium could be fully deposited in forty- 
five minutes, using 0.3 ampere and 0.8-1 volt, the electrolyte being as 
before 2 grams of ammonium formate and 0.5 cc. of formic acid. The 
deposit weighed 0.1760 gram. Mixed with 1 gram of calcium formate, 
0.1760 gram of cadmium was obtained; and with 1 gram of strontium 
formate and 1 gram of barium formate, respectively, 0.1762 gram and 
0.1760 gram of cadmium were thrown down. The character of these 
deposits was also good, though perhaps not quite so firm as in the case 
of those obtained from the sulphate with the formate electrolyte. The 
deposits were finely crystalline and adherent, but slightly porous. 

III. The Lactate Electrolyte . 1 

The action of the lactate electrolyte was then investigated. As before, 
the first trial was made with only lactate ions present. The electrolyte 
used was 2 cc. of lactic add with 1 cc. of ammonium hydroxide. This 
was added to 10 cc. of a solution of cadmium lactate, diluted as usual, 
1 This Journal,, 27, 1275. 
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and electrolyzed at boiling temperature for one hour, using 0.3 ampere 
and 2.8-3 volts. The weights of cadmium obtained, although fairly 
concordant, were not considered reliable. The greater part of the de- 
posit was fine and adherent, but had also coarse crystalline plates which 
scaled off and were not easily handled. Again, however, the use of the 
same electrolyte with the cadmium sulphate solution resulted in the forma- 
tion of a very excellent deposit. It was silvery- white, very finely crys- 
talline, clean, and easy to wash. The same excellence was seen in the 
metal deposited from the cadmium sulphate solution in presence of 1 
gram of calcium lactate. To 10 cc. of cadmium sulphate solution were 
added 2 cc. of lactic acid and 1 cc. of ammonium hydroxide, the solution 
diluted, heated to boiling, and electrolyzed for one hour with a current 
of 0.3 ampere and 2.6-3 volts. The weights of cadmium obtained in 
two trials were 0.1964 gram and 0.1966 gram. When r gram of calcium 
lactate was added, 0.1966 gram and 0.1965 gram were successively ob- 
tained. 

An attempt was made to use cadmium acetate solution with the lac- 
tate electrolyte, but the deposits again showed coarse crystalline plates 
which scaled off in washing and the weights were always low'. 

With a solution of cadmium formate, however, the results were better. 
Although the same tendency to scaling off was observed, it could be 
controlled more easily. It was found better to make the quantity of 
lactic acid a little less, a scant 2 cc. givingthe best results. From 10 cc. 
of the cadmium formate solution used, 0.1944 gram of cadmium had 
been previously obtained. Using the same amount of this solution, 
with 2 cc. of lactic acid and 1 cc. of ammonium hydroxide, diluting, and 
heating to the boiling point, 0.3 ampere and 2-3 volts used for one hour 
gave successively 0.1944 gram and 0.1946 gram of cadmium. A series 
of separations was then tried from calcium, strontium, and barium. 
On adding 1 gram of calcium formate to the solution as prepared above, 

0.1946 gram of cadmium was obtained; with 1 gram of strontium formate 
0.1944 gram, and with 1 gram of barium formate 0.1946 gram of cadmium 
was precipitated. The character of the deposit was not materially altered 
by the presence of the alkaline earth metals, although with the barium 
formate, there seemed to be a tendency towards the formation of coarser 
crystals. 

In conclusion, it seems evident that in work with the rotating anode: 

1. Low currents are preferable for the deposition of cadmium, when 
organic electrolytes are used. 

2. Each electrolyte has a decided influence on the character of the 
deposit, which is not to be foreseen. 

3. A mixture of ions improves the character of the deposit. This 
is most evident when the sulphate ion is present, the best deposits being 
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obtained from the cadmium sulphate solution, using the acetate, formate, 
or lactate electrolyte. The formate ion also seems to exert a good in- 
fluence on the deposit, cadmium acetate solution with the formate elec- 
trolyte giving satisfactory results even in presence of the alkaline earth 
metals, and cadmium formate solution with the lactate electrolyte also 
giving good deposits. It is of interest to observe that the acetate and 
lactate electrolytes when used alone are not so successful, and the com- 
bination is an extremely poor one. 

It is clear that other organic electrolytes should be investigated, and 
that many interesting and valuable relations may be found in the com- 
parison of the nature of the deposits from different electrolytes and from 
their combinations. It is hoped that this investigation may be continued 
in this laboratory. 

Mount Holyoke College. 

South Hadley, Mass. 


[Contribution from the Chemical Laboratory of the University of Illinois.] 

DETERMINATION OF AMMONIA NITROGEN IN WATER IN THE 
PRESENCE OF HYDROGEN SULPHIDE. 

By Edward Bartow and B. H. Harrison. * 

Received July 4, 1910. 

The tests for free and albuminoid ammonia, since their introduction in 
1867, have played an important role in the sanitary examination of drink- 
ing-water. They have been criticized because of inaccuracies due to inter- 
ferences from substances in solution, and it is this phase of the subject 
that we have been investigating. In the experimental work we have 
taken the usual precautions to have a uniform rate of distillation, a uni- 
form temperature for Nesslerization, a uniform organic content in com- 
parative tests, all glass apparatus and a room free from ammonia fumes. 
As an illustration of the necessity for the last precaution we found that 
0.036 part per million of ammonia nitrogen was added to a water ex- 
posed for 24 hours in the distilling room, which adjoined a room where 
dogs were kept for experimental work in physiological chemistry, and 
that 0.566 part per million was added to water in the room where the 
dogs were kept. 

Natural waters sometimes contain substances which may cause inter- 
ference if these combine with ammonia to prevent its distillation or if 
they are distilled with the ammonia and interfere with the Nessler test. 
Of the former class are acids like sulphuric acid, which, as is well known, 
must be neutralized before distillation. Of the latter class is hydrogen 
sulphide, which will distil over with the ammonia and will give false re- 
sults. 

We have studied the effect of three substances, calcium acid carbonate, 
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magnesium chloride and hydrogen sulphide. Our results indicate that 
calcium .acid carbonate and magnesium chloride in the amounts ordi- 
narily found in natural water do not interfere materially with the deter- 
mination of free ammonia. Kober 1 has stated that in the presence of 
magnesium chloride all the ammonia is not given off. This may be true 
if the concentration of the magnesium chloride is very high. Our ex- 
periments with an amount of magnesium chloride in excess of the amounts 
found in any of the Illinois water supplies lead us to conclude that the 
interference is not material 

Hydrogen sulphide, howevei, interferes with the Nessler test. When 
the amount of ammonia is large the hydrogen sulphide might be removed 
by precipitation with a lead or zinc salt and the ammonia determined 
by direct nesslerization, but if small and it is desirable to distil and ness- 
lerize the distillates, the results arc very inaccurate. This is shown in 
our first test. We added o 06 part pci million of ammonia nitrogen to a 
water in which 56 parts per million of purified hydrogen sulphide gas 
had been absorbed. Nesslerization after distillation showed o 082, 
0.214 and o 376 part per million of nitrogen when only o 06 part per 
million had been taken. A repetition of the experiment gave similar 
inaccurate results. 

The hydrogen sulphide must evidently be prevented from interfering 
either by distilling it off in the presence of something that will hold the 
ammonia or in holding it back while the ammonia is being distilled. The 
use of sulphuric acid to retain the ammonia in the Kjcldahl process led 
us to try it To cc. of a water containing 20 parts per million of hy- 
drogen sulphide and a known amount of ammonia nitrogen, 50 cc. of 
normal sulphuric acid was added and 100 cc. of water distilled over. 
The first tube was cloudy and smelled strongly of hydrogen sulphide 
gas; the second tube was practically cleat. 50 cc. of a normal solution of 
sodium hydroxide was then added and 2cx> cc. of water distilled and 
nesslerized. On the first series with o 06 part per million taken o 082, 

Table I. Determination of Ammonia Nitrogen in the Presence of Hydrogen 
Sulphide. Results in Parts per Million 


Total N found. 

Correction. 

Nitrogen found. 

Nitrogen taken. 

O 082 

O 026 

0 056 

0 060 

O 086 

0.026 

0 060 

0.060 

0.082 

0.026 

O 056 

0.060 

O 416 

O.030 

0.386 

0.400 

O 400 

O.030 

O.370 

0.400 

0.136 

0.020 

0. 116 

0.120 

0 256 

0.020 

O.236 

O.240 

0.528 

0.020 

0.508 

0.500 

I .040 

0.020 

I .020 

I .OOO 

2 .OOO 

0.020 

I.980 

2 .OOO 


1 This Journal, 30, 1279-81. 
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0.080, 0.078 and o 082 part per million was found. This showed the 
necessity for control tests which were run in succeeding series. The read- 
ings with the corrections are shown in Table I. The results are suffi- 
ciently accurate. 

With respect to the holding of the hydrogen sulphide and the distilla- 
tion of the ammonia, the addition of sodium hydroxide would not be 
satisfactory as the sodium sulphide formed would hydrolyze and hydro- 
gen sulphide would be found in the distillate. 

Phelps, 1 in discussing the direct nesslerization of sewage, suggests the 
precipitation of the hydrogen sulphide with lead or zinc acetate. We 
have tried lead acetate and have compared it with the sulphuric acid 
method, as shown in Table II: 

Table II. Determination op Ammonia Nitrogen by Addition op Sulphuric Acid 
or Lead Acetate. Results in Parts per Million 


Total N found. 

Correction. 

Nitrogen found. 

Nitrogen taken 

Method. 

0.090 

0.029 

0.061 

0.060 

Sulphuric acid 

0.088 

0 029 

0.059 

O.060 

Sulphuric acid 

0.094 

O 034 

O 060 

0.060 

Sulphuric acid 

0.090 

0.034 

0 056 

0.060 

Sulphuric acid 

O 074 

0.029 

0.044 

O 060 

Lead acejp.te 

0.056 

0.029 

O 027 

0.060 

Lead acetate* 

0 .072 

O 

O 

w 

0 049 

0 060 

Lead acetate 

0.074 

0 017 

O 057 

0.060 

Control, no H a S 

0.074 

0.017 

0 057 

0.060 

Control, no H a S 


The method with sulphuric acid gives results as accurate as can be ob- 
tained when there is no hydrogen sulphide present while the results ob- 
tained by the use of lead acetate are low. 

In order to determine the effect of the addition of sulphuric acid on the 

Table 111. — The Effect of Adding Sulphuric Acid on the Amount of Ammonia 
Obtained. Resttlts in Parts per Million. 



Free ammonia. 

Albuminoid ammonia. 

Total ammonia. 



!5 

0 

«# 



.*2 

0 



V 

'0 

m 


0 

r. 

frl 


V 

M 

fi 

0 

ti 

•Si 
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0 048 
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O O24 
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0 056 

O.060 
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O 084 
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O.I44 
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0.432 

0 432 

0552 
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0.569 

21008 

O 080 
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O 084 
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0.128 

O.I36 
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0.216 

0.220 

21086 

0 544 

o -544 

0 544 

0.288 

0.288 

0.288 
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0.832 

O.832 

21087 
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0.964 

0.864 

0.160 

0.152 

O.I56 

1 .024 

i .0x6 

X .020 

21088 

0.144 

0.152 

0.148 

0.104 

0.096 

0.100 

0.248 

0.248 

O.248 


1 J. Inject. Dis., 1904, I, 327. 
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so-called albuminoid ammonia, a series of waters were analyzed with and 
without the addition of sulphuric acid. The results of the analyses of 
nine typical Illinois waters as given in Table III show that the sulphuric 
acid has no appreciable effect on the amount of ammonia obtained. While 
the results are not identical, the variations are within the limits of ex- 
perimental error. 

Urbana, III. 


THE COMPOSITION OF SOME GREEK VASES. 

By William Foster 
R eceived July 18, 1910. 

The purpOvSe of this article is to give an account of some chemical tests 
made in order to determine the nature and composition of the black 
glaze of the black-figured and red-figured Attic styles and the red glaze 
of the Mycenaean style of vases. 

This investigation was undei taken at the request of my colleague, Dr. 
O. S. Tonks, who is interested in Greek pottery from the standpoint of 
an archaeologist. 

Guided by the results of these chemical tests, Tonks has confirmed 
some of the observations by synthesis, a partial account of which has 
already been published. 1 

1. Experiments with the Black Glaze. 

(1) Historical Introduction - -The nature and composition of the fine 
black glaze on Greek pottery has been a subject of discussion and more 
or less speculation for many yea s. As far back as 1761 Caylus, 2 as a re- 
sult of his investigations, claimed that the glaze was made up of a fer- 
ruginous earth, which he classified as manganese. He claimed that this 
substance baked red, but* could be rendered black by an admixture of 
color, or other earths. 

According to Blumncr, 3 some later investigators have advanced theo- 
ries that the materials of the glaze might be graphite and magnesia, that 
the glaze is made up of an earth but not a metal, and that a combination 
of the oxides of iron and manganese may have produced the black. 
Blumner claimed, however, that the real nature of the black color had not 
been finally determined. 

Of the earlier experiments carried out with a view to discover the 
composition of the glaze, perhaps those of SalvStat, 4 at the Sfcvres pot- 
teries, are the most worthy of consideration. While Salvetat, in reporting 

1 Tonks, Am. J. Archaeology, 12, 417 (1908) 

9 Recueil d’ Antiquitis , 1, 86-7. 

•“Technologic und Terminologie der Gewerbe und Kiinste bei Griechen und 
Rdmern, II, pp. 74th The work done up to 1879 is here summarized. 

4 Brongniart, “Trait* des Arts Ceramiques ” T, pp. 549~5 2 - 
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his analysis, did not give any percentage of manganese, he claimed that 
the* oxide of manganese is an indispensable component of the composi- 
tion, and this view is shared in by Brongniart. 1 This the writer hopes 
to disprove. 

Among the later writers, H. B. Walters 2 believes that the problem is 
still unsolved. He distinguishes between a glaze which was applied to 
the surface before the application of what he terms the black varnish 
and the black varnish itself. Birch, Blunmer and Brongniart hold views 
that are somewhat similar. They consider that the glaze and black are 
different from each other. 

Fiirtwangler and Reichliold 3 arc of the opinion that the black glaze is 
apparently made up of two parts, namely, a thin, reddish, shining,, flowing 
material and some substance, which, by firing, gives the black. This I 
do not believe to be likely. 

14 The nature of the glaze which is to be seen on the finished vase in 
both the black- and red-figured styles, and the methods of its application, 
raise puzzling questions about which there is as yet no general agreement. 

It is hoped that the following experiments will aid somewhat in solv- 
ing the puzzle as to the composition of the glaze. 

(2) Experimental . — Experiments were conducted, in the first jflacq, to 
find out whether manganese is present as an essential constituent of the 
glaze, as claimed by Salvetat, or whether its presence is accidental. 

Experiment 1 . — A fragment of a Greek vase 5 covered With fiife black 
glaze and weighing about 51 grams was placed in a large silver crucible 
and fused with potassium hydroxide until all the glaze was removed from 
the clay. 0 The melt thus obtained had a faint greenish tinge, suggestive 
of a very small quantity of manganese. This melt was treated by the 
usual methods for the separation of silica and. iron, and then hydrogen 
sulphide was conducted into the ammoniacal filtrate to precipitate any 
manganese that might be present. A very small dirty precipitate was 
obtained, which, when treated with a borax bead, gave no indication 
whatever of manganese. This test was confirmed by various other tests. 
The occurrence of manganese in the glaze must have been accidental , 
therefore, and not an essential component of it. 

1 Rev. Archtologique, 18, 101 (1891). 

3 “History of Ancient Pottery,” I, pp. 214 and 220. 

* “Griechische Vasenmalerei,” Series I, Text p. 19. 

4 Fowler and Wheeler, “Greek Archaeology,” p, 429 (1909). 

5 From the American excavations at the Heraeum. 

6 Note. — A considerable quantity of the body of the s^ase was necessarily removed 
at the same time. The writer has tried different methods for removing the glaze, such 
as chipping it off, and scratching the surface with a fine diamond point; but in all 
cases the mass of the clay removed from the body of the vase was always much greater 
than that of the glaze itself. For this reason, since the glaze is exceedingly thin, it 
was impossible to get enough of the latter for chemical analysis. 
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Experiment 2 . — In the second place, tests were made to find out^the 
amounts of manganese in the black glaze and in the body of the vase. 

Some fragments of a vase covered with black glaze were treated with 
a mixture of sulphuric and hydrofluoric acids until all the glaze was re- 
moved and disintegrated. After expelling the excess of hydrofluoric 
acid by repeated evaporations with sulphuric acid, the residue was dis- 
solved in water and nitric acid, and the manganese determined by the 
colorimetric method of Walters, 1 1. e., by oxidizing the manganese to per- 
manganic acid by means of ammonium persulphate and then diluting 
in a Nessler cylinder to the mark. The amount of manganese calculated 
as the oxide (MnO) was o 06 per cent. 

The experiment was repeated with a similar sample taken from the body 
of the vase. The percentage of manganese was identical (0.06). 

The experiment was repeated with a different sample of vase, in this 
case a diamond point being used to lemove the glaze, and 0 04 per cent, 
of MnO w r as found in the glaze and also in the body of the vase. 

These experiments go to show that the amount of manganese in the 
glaze is the same as that in the body of the vase. This small amount of 
the element (average 0.05 per cent ) might very well be accidental , for it 
is well known that ordinary clays and rocks containing iron usually con- 
tain more or less manganese. 

Experiment j. — It was suspected by the writer that the black glaze 
might be due primarily to ferrous silicate, therefore the following ex- 
periments were carried out to test this hypothesis. 

(1) Three grams of a fragment of a vase covered with glaze (the sample 
was not ground up) were placed in a platinum crucible and treated with 
a mixture of sulphuric and hydrofluoric acids, great care being exercised 
to exclude all air. The solution thus obtained was evaporated to dryness, 
the residue taken up with dilute sulphuric acid, and the ferrous iron de- 
termined by means of dilute potassium permanganate. 0.6 cc. of the 
permanganate were required. The same test was applied to an equal 
amount of the vase without the glaze. In this case 0.2 cc. of the per- 
manganate w r as required to oxidize the ferrous iron. 

(2) Two grams of a fragment of a vase covered with glaze were crushed 
to a powder and treated as in (1), the final titration being made with 
N / 50 potassium permanganate. Amount of ferrous oxide (FeO) pres- 
ent, 0.50 per cent. 

Two grams of the body of the vase were next treated in a similar way. 
Amount of FeO present, 0.30 per cent. 

Several other tests were made, and invariably more ferrous iron was 
found in the glaze than in the body of the vase. 

1 Chem. News , 84, 239 (1901); Proc. Eng. Soc . West Pa., 17, 257 (1901); Hille- 
brand Bulletin 422 (U. S. G. S.)» pp. 116-8. 
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Owing to the fact that it was impossible to get the glaze anything 
like* free from the. clay, it was not possible to determine the absolute 
amount of iron in the ferrous condition in the former; but enough evi- 
dence was obtained to indicate that ferrous iron (probably as ferrous 
silicate) is responsible for at least a part of the fine black color of the 
decorating medium of some of the Greek pottery. 1 

II. Experiments with the Red Glaze of the Mycenaean Style. 

If the Greeks employed compounds of iron in the ferrous condition 
for the production of black glaze, it is reasonable to assume that they 
employed compounds of the element in the ferric condition to obtain 
the red glaze, and I dare say that it has been quite generally believed by 
writers on the subject that iron in the ferric condition had much to do 
with the production of the red glaze. If this be the case, one would ex- 
pect to find more ferric iron in the glaze than in the body of the pottery, 
and less ferrous iron in the glaze than in the body. To test this hypothesis 
the following experiments were conducted : 

Experiment 4. — (1) A fragment of a Mycenaean'* 1 vase covered with 
red glaze was found by the analytical method already described to con- 
tain o 44 per cent, of iron calculated as ferrous oxide (FeO). An equal 
weight of the body of the vase gave o 56 per cent, of FeO. 

A second sample, from another vase, gave o 35 per cent. FeO in the 
glaze and 0.43 per cent, in the body, and a third and still different sam- 
ple gave 0.17 per cent, in the glaze and 0.25 per cent in the body of the 
va.se. 

From these experiments it would appear that the body of the pottery 
covered with red glaze contains more ferrous iron than the glaze — just 
the opposite of the observation made in the case of the black glaze. 

1 Tonks has succeeded, it appears, in confirming these observations by synthesis. 
He says: “Not to be tedious by enumerating the uuinber of trials I made before 
getting the desired result, I may say that it proved eventually that a combination of 
eight parts of nitrate of soda to one of clay, fritted together, and then mixed in the 
proportions of two parts of frit to one of lerrous oxide, produced a glaze identical with 
that on Greek vases” ( Amer . J. Archaeology, XII, 190S, p. 424). Tonks used pipe 
clay and he claims that if it had been a more fusible variety, the amount of sodium 
nitrate could have been much less. 

It might be objected by some that the Greeks knew nothing about ferrous oxide, 
inasmuch as the pure compound is a modern preparation of the chemical laboratory. 
Compounds containing ferrous oxide or iron in the ferrous condition are abundant 
enough in nature, however, e. g., magnetic oxide of iron, or ferroso- ferric oxide, and 
ferrous carbonate. Tonks informs me that he has recently succeeded in reproducing 
the black glaze by the use of the magnetic oxide of iron in place of pure ferrous oxide, 
but he has not as yet completed his experiments. 

" Picked up by Tonks at Mycenae. Mycenaean vases were manufactured by the 
Greeks as far back as 1200-1300 B. C. The other specimens of vases with red glaze 
experimented on by the author were of the Mycenaean style, but from the Heraeum. 
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Experiment 5. — The total iron as ferric oxide (Fe 2 0 3 ) was next deter- 
mined, both in the red glaze and in the body of the clay. The surface of 
a fragment of vase covered with red glaze was scratched thoroughly with 
a diamond point and the powder analyzed. Total FeX> 3 present, 8 . 16 
per cent. A sample of the same vase without the rea glaze contained 
7.36 per cent, total iron as Fe 2 0 3 . After allowing for the ferrous iron, 
the glaze was found to contain considerably more ferric iron than the 
body of the clay. A second experiment, on a different fragment of vase, 
confirmed this observation. 1 

III. Analyses of Mycenaean Vases. 

So far as the writer knows, no analyses of Mycenaean pottery have been 
published. It was thought worth while, therefore, to make a complete 
analysis of a fragment of a vase of the Mycenaean style, and a partial 
analysis of another fragment. These results will be given below, and, 
for the purpose of comparison, the average approximate results of the 
analysis of four fragments of Attic pottery (with black glaze) made in 
the Harvard University laboratory under the direction of Professor 
Richards 2 will be given, and also the mean of Salv6tat’s 3 analyses: 


AnahsKr or Axe tent Pottery. 



Fragments of 
Mycenaean vase. 
Foster 

Fragments of jars 
and vases (Attic). 
Widtsoe 8 c T.yon 
( Harvard Univ.) 

Campanian 

pottery. 

Salvltat. 

Silica (Si 0 3 ,) 

40 Oo 

47 5 i 

56 IO 

55 

Aluminium oxide (Al 2 O a ) 

17 07 

20 40 

17*25 

18.88 

Ferric oxide (Fe 2 C),) 

(> 93 

8 8c/ 

8-95 

15.80 

Ferrous oxide (FeO) 

0 56 




Calcium oxide (CaO) . . 

19 80 

13 82 

5*52 

7 48 

Magnesium oxide (MgO) 

4 42 

4.41 

5 00 

1.63 

Potassium oxide (K a O) . . 

2 96 


3 26 

. . . 

Sodium oxide (Na a O). . . 

021 

S ’ 7 o 

r 78 

2*35 

. . . 

Carbon dioxide (CO v ) 

5 4 ° 


. . . 

Water (H,Q) . . . 

2 95 

100 90 

2 20 

100 63 

... 


By a comparison of the figures in the different columns, it may be ob- 
served that the Mycenaean pottery contains considerably less silica than 
the Attic and the Campanian. They all contain about the same amount 
of alumina. The Mycenaean and the Attic appear to contain approxi- 
mately the same amounts of ferric iron, but the Campanian ware contains 

1 Tonks has been conducting some experiments to confirm these analyses syn- 
thetically, and he has already met with considerable encouragement. 

a Robinson, “Cat. of Greek and Roman Vases,” Museum of Fine Arts, Boston, 

** 93 » P 35 * 

* Brongniart, op. cit. } 1, p. 550, 

4 Total iron. 
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about twice as much of this substance. The Mycenaean pottery is much 
higher in lime than the other varieties, and also contains (z. e., the samples 
analyzed) considerable carbon dioxide. The amounts of magnesia in the 
Mycenaean and the Attic varieties are nearly equal, but it is considerably 
less in the CampaSian. The potassium oxide is approximately the same 
in the samples analyzed at Harvard and in the one sample of Mycenaean 
pottery in which this constituent was determined. While the former 
contained over 2 per cent, of sodium oxide, the latter contained but a 
small amount (0.21 per cent.) . 1 Owing to the fact that the Mycenaean 
clay analyzed is low in silica and comparatively high in lime, it should 
be more fusible. It was observed that in determining the loss of this 
variety of clay by ignition in a platinum crucible, it melted quite com- 
pletely. 

Chemical Laboratory, 

Princbton University 


CONDITIONS AFFECTING THE ELECTROLYTIC DETERMINATION 

OF COPPER. 

By W C Blasdale and W. Crvess. 

Received August Jo, 1910. $ 

Although the electrolytic method for the determination of copper 
has been in use since 1864, and the literature of the subject is now vol- 
uminous, the application of the method to the analysis of o/es and^metal- 
lurgical products often presents difficulties, which are either ignored or 
but vaguely suggested in the current descriptions of the process. The 
frequent failures made by students in this laboratory in attempting to 
use the process have served to emphasize these difficulties, and have 
led to the series of experiments, the results of which are recorded below. 
In carrying out these experiments the needs and resources of the prac- 
tical analyst have been kept constantly in mind. 

Effect of Different Forms of Electrodes upon the Rate of Deposition 
and the Character of the Deposit. 

The results obtained with the use of mechanical stirring devices dur- 
ing the last seven years have emphasized the desirability of maintain- 
ing a rapid circulation of the electrolyte during electrolysis. It has not 
been so generally recognized that the circulation of the electrolyte may 
be increased by taking advantage of the convection currents produced 
by the gases liberated at the anode or cathode, and by the substitution 
of Winkler gauze electrodes for those of the Mansfield type . 2 It seems 
probable that the relative efficiencies of the different forms of stationary 
electrodes depend almost entirely upon the extent to which they favor 

1 Chemical analyses of the different varieties of clay used by the andent Greeks 
are still too inadequate to throw much light on the manufactures of different localities. 

•See, however, the Benner article, p. 1231 . — Editor. 
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circulation of the electrolyte, and the equal distribution of the current 
density over the entire surface of the cathode. 

In order to obtain definite data upon this point the rates of precipita- 
tion of known amounts of copper under identical conditions, except as 
regards the electrodes used, were determined. Each •of the solutions 
contained exactly o 1975 g. of copper as sulphate, 2 cc. of concentrated 
sulphuric and one of concentrated nitric acids, and water to make 140 
cc. They were electrolyzed with a practically constant current of 0.34 
ampere and the copper deposited during definite time intervals deter- 
mined. Except where Classen dishes were employed, the stand to which 
the electrodes were attached was raised at the end of the desired time 
interval, and the electrodes plunged in a beaker of water, the current 
allowed to run for some three minutes longer, after* which the cathode 
was removed, washed in two changes of alcohol and dried and weighed. 
It was shown, both by determining the rate of action of solutions of this 
composition on recently precipitated copper, and by testing the wash- 
ings of the electrodes that this method of removing the cathode involves 
no recognizable error, it is extremely rapid and convenient. 

The cathodes used in the various experiments were as follows: 

A. A Classen dish of 2<x> cc. capacity, with 140 cc. of electrolyte; this 
gave an available surface of about 120 sq. cm The anode used with it 
consisted of a disk of foil w r ith six radially distributed openings near its 
rim; it was 4.1 cm. in diameter, and was suspended by a stout wire in 
the center of the dish, slightly below the level of the liquid retained by 
the latter. 

B. A cylinder of foil 2 5 cm. in diameter and 5 cm. in length welded 
to a supporting wire one mm. in diameter and 12 cm. in length. The 
total area exposed to the solution was 79 sq. cm. The anode used was a 
eylindrically coiled spiral of platinum wire suspended in the center of 
the cylinder. Both electrodes extended nearly to the bottom of the 
beaker containing the solution; the beaker used was approximately 5 5 
cm. in internal diameter. 

C. A cylinder of the same dimensions as B, but pierced with 270 holes 
one mm. in diameter, distributed at approximately equal intervals over 
its entire surface. The anode and containing vessel were of the same form 
and size as with B. 

D. A cylinder of gauze 3.2 cm. in diameter and 5.5 cm. in length, the gauze 
composed of platinum wire 0.06 mm. in diameter, with 41 meshes per 
linear cm. The cylinder w r as supported by a wdre 0.54 mm. in diameter 
and 13 cm. in length. Assuming that the entire surface of the wire 
composing the gauze was in contact with the solution, its available area 
was 93 sq. cm. The anode and containing vessel were the same as those 
used with B. 
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E. A cylinder of gauze of the same form and dimensions as D. The 
anode, however, consisted of a stout wire coiled to form a horizontal 
spiral, suspended at the bottom of the containing vessel. This was of 
the same dimensions as with B. 

F. A cylinder of gauze 4 cm. in diameter and 4 cm. long; the gauze 
composed of wire 0.1 mm. in diameter with 25 meshes per linear cm. 
This was supported by a wire 1 mm. in diameter and 12 cm. long. The 
calculated surface area was 80 sq. cm. The anode and beaker used 
were of the same form and dimensions as with B. 

The results obtained with these electrodes are shown in part in the 
series of curves of Plate 1, in which the abscissas represent time in min- 
utes, and the ordinates the copper deposited, in milligrams. The superi- 
ority of the gauze electrode I) over all others is at once apparent. Its 
efficiency is due to the fact that it interposes almost no obstacle to the 
development of convection currents, the direction and intensity of which 
are easily observed by placing a few mg. of precipitated silica in the solu- 
tion. It can be shown by this device that the gas liberated at the anode ’ 
is here distributed over a limited area and produces a current of con- 
siderable intensity, which draws the solution through the meshes of the 
cathode from the periphery. Where foil electrodes are used thede is but 
little interchange of solution between the annular space surrounding 
the cathode and the cylindrically bounded area within. Further, while 
the current density is nearly equally distributed over the entire Exposed 
surface of the gauze cathode, it is much greater on the inside than the 
outside of the foil electrodes, and it is easy to show that only a small per- 
centage of the copper deposited on electrodes of this style separates on 
the outside of the cylinder. 

A comparison of the results obtained with D and F shows that the 
efficiency increases somewhat with the fineness of the mesh and the wire 
of which the electrode is composed. This, taken together with its ex- 
treme lightness and consequent low cost, places D at the head of the 
list as regards economy. Although D was somewhat fragile and had to 
be handled more carefully than F, two such electrodes have been in 
general use for over three years and are still in good order. 

A comparison of the results obtained with B and C show that by pro- 
viding a number of openings in the foil composing the cathode the effi- 
ciency is appreciably increased, but the superiority of the gauze form 
still remains most striking. 

A comparison of the results obtained with E and D shows that the 
cylindrical form of anode possesses a slight advantage over the disk form. 
This is due to the distribution of the liberated gas over a greater horizon- 
tal area. Still another difficulty arises from the fact that much of the 
liberated oxygen comes in contact with the precipitated copper and 
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may produce an appreciable amount of oxidation; dark deposits were 
frequently obtained wherever the disk form of anode was used. With 
this exception the deposits obtained in the entire series of experiment 
were satisfactory. A comparatively small increase in the amperage 
used gave poor deposits where foil electrodes were used. 

The comparative efficiencies of the different forms of electrodes used 
are summarized in the following table, in which the last column repre- 
sents the time needed for the precipitation of o 1975 g. of copper to within 
±0 02 mg. 



Cathode used. 

Surface 

exposed. 

Wt. in g 

Time needed. 
Minutes. 

A 

Classen dish 

120 

38 

400 

B. 

Mansfield 

79 

II O 

450 

C. 

Mansfield with holes 

78 

1 1 .0 

39° 

D. 

Winkler 

93 

4 

50 

E. 

Winkler. . 

93 

4 2 

60 

F. 

Winkler 

So 

9 4 

100 


Effect of Varying Amperage upon the Rate of Deposition. 

If all the current which passes through the solution were carried by 
the ionized copper salt the rate of precipitation would be directly pro- 
portional to the amperage. In practice other electrolytes are always 
present and carry more or less of the current. The electrolysis of neu- 
tral salts yields free acids, and acid is usually necessary to prevent the 
separation of other metals present. 80 long as the decomposition volt- 
age of the copper ions is somewhat smaller than that of the other cations 
present, and so long as their concentration is sufficiently large as com- 
pared with the amperage used, the greater part of the positive current 
will be carried by them , but as their concentration decreases the propor- 
tion of the positive current carried by them must rapidly decrease and 
finally become zero. Rapid circulation of the solution brings larger 
numbers of copper ions within the sphere of attraction of the cathode 
within a given time interval, and increases the proportion of positive current 
carried by the copper ions during the later stages of the deposition. In- 
creasing the amperage not only increases the rate of deposition directly, 
while the solution contains a comparatively high concentration of copper 
ions, but also indirectly by increasing the circulation of the solution 
through the gases liberated at the anode and cathode. 

In order to determine the actual effect of varying current strength 
the rates of precipitation were determined under identical conditions 
except as regards amperage. The solution used contained 0.1975 g. 
of copper as sulphate, 2 g. of ammonium nitrate, 4 cc. of concentrated 
nitric acid and water to make 140 cc The gauze electrode D was used 
throughout. The curves 1, 2, 3, 4, and 5, shown on Plate II, represent 
the results obtained where currents of 0.19, 0.34, <*.5, 0.78 and 5.5 
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amperes, respectively, were used. The details of manipulation were 
the same as in the previous series of experiments. In all but the last 
series the amount of copper finally obtained differed from the correct 
amount by less than o . 3 mg. ; when 5 . 5 amperes were used the solution 
attained a temperature of 60 0 and the solvent action of the large amount 
of nitric acid present was so great that the final result was 1 . 2 mg. low. 
This loss was due in part to copper in the wash water and in part to cop- 
per left in the original solution. The depolarizing action of the large 
concentration of nitrate ions present was sufficient to prevent the libera- 
tion of hydrogen even with the highest currents used. The deposits were 
all dense and compact; those obtained with the higher amperage showed 
a slight tinge of brown in place of the normal red color. 

It might be noted here that some experiments by Stoddard, 1 which 
involved the use of a gauze cathode, a volume not exceeding 50 cc\, and 
the presence of only one cc. of nitric acid, gave more rapid precipitation 
than that here noted. His work has been criticized by Price and Hum- 
phreys, 2 who found the time needed under similar conditions somewhat 
greater than that used by Stoddard. 

Effect of Varying Concentrations. , 

The proportion of positive current carried by copper ions in a Series 
of solutions containing the same amount of copper salt should be greater, 



Plate I. — Results with varying types of electrodes. 

1 This Journal, 31, 385 (1909). 

* /. Sac. Chem, Ind., 29, 307 (1910). 
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especially as the deposition approaches completion, with solutions of 
high than with those of low concentration. The importance of this fac- 
tor has been shown by Richards, 1 although the method which he recom- 
mends for effecting the precipitation is scarcely feasible in routine analyt- 
ical work. 

Some data showing the effect of varying concentration on the speed 
of precipitation are represented by curves 6, 7, 8 and 9 of Plate III. The 
solutions used contained 0.1975 gram of copper as sulphate and were 
diluted to 70, 140, 210 and 280 cc., respectively. They contained nitric 
and sulphuric acids corresponding to a concentration of one cc. of the 
former and two of the latter, for each 140 cc. of total solution. The 
gauze electrode D and a current of o 34 ampere were used in all cases, 
but the size and form of the beakers containing the solutions were neces- 
sarily changed somewhat from those used in the previous experiments. 

The curves show that the time interval during which the rate of pre- 
cipitation remains practically constant increases greatly with the con- 
centration. Even when the volume is 140 cc. this rate remains prac- 
tically constant till 90 per cfcnt. of the copper present has been precipi- 
tated; beyond this point the rate decreases rapidly. With larger vol- 
umes the change in rate occurs earlier and becomes increasingly greater 
with the larger volumes. This may be taken to mean that up to the 
point at which the rate shows a decided change the current is carried 
entirely by the copper ions ; beyond this point it is carried to an increas- 
ing extent by the hydrogen ions. The final form of the curve is the net 
effect of the actual change in concentration and the change in stirring 
efficiency of the anodic gas, owing to the increased volume of liquid to 
be stirred. 

Amount and Nature of Acid Present. 

Although copper is readily separated by the electric current from neu- 
tral or alkaline solutions, the application of this method to the analysis 
of ores almost invariably demands the presence of a slight concentration 
of hydrogen ions. If sulphuric acid is used, and if the cathode consists 
of a Classen dish or a foil, the current density must be kept low or the de- 
posits are spongy. The difficulty becomes increasingly large as the 
concentration of the copper ions decreases, and can be remedied, as shown 
by Richards, 2 by making reductions in the current strengths as 
the deposition progresses. Rapid circulation largely overcomes the diffi- 
culty, since larger numbers of copper ions are thereby rendered availa- 
ble for the transport of the current and virtually increase their effective 
concentration. A somewhat extended experience has convinced us that 
this difficulty is reduced to a negligible factor by the use of gauze elec- 

1 This Journal, 26^ 530 (1904). 

1 Loc. rtf, 
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trodes. We have not yet obtained a spongy deposit where these elec- 
trodes were used. This has been noted and used by Fdrster. 1 

Where a sufficient concentration of nitrate ions is present, the dan- 
ger of obtaining spongy deposits is small, but another difficulty arises 
from the formation of brittle, crystalline aggregates, which grow out 
from the lower edge of the cathode, and sometimes at the point where 
the sustaining wire emerges from the solution. Apparently this diffi- 
culty is also avoided by sufficient circulation of the solution, for it has 
not been noted where thi solution was stirred, or where a gauze cathode 
was used. 

Differences in the comparative solvent action of the two acids on pre- 
cipitated copper might be expected to affect the rate of precipitation 
and the difficulty of removing the cathode from the solution without 
resolution of appreciable amounts of the precipitate. The amount 
of copper dissolved from a copper-coated gauze cathode by dilute 
solutions of these acids during a definite time interval was found 
to vary greatly, but in every instance the action of the nitric 
acid was much greater than that of the sulphuric acid, and was 
increased to a much greater extent by increasing the temperature 
to 60 °. In one instance 78 mg. of copper were dissolved by a solution 
containing 2 cc. of nitric acid per 140 and heated to 1 >o° . The precipitation 
of the last few milligrams of copper from such solutions is not easily 'ef- 
fected and we have not found either the rotating anode or the gauze 
cathode satisfactory* where the solution was heated either externally, 
or internally by r the current. The residual solutions usually showed 
the presence of copper by the ferrocyanide test, and occasionally faint 
traces of the same could be detected in the wash water. Where currents 
of five or more amperes are used, nitric acid should not be present, ex- 
cept in small concentrations. 

If the temperature of the solution does not rise above 30 0 the concen- 
tration of the solution with respect to copper is easily reduced below 
the point recognized by the ferrocyanide test, even where the concentra- 
tion amounts to as much as 4 cc. of either acid per 140 cc. of solution. 
The time needed for complete precipitation from such solutions is prac- 
tically the same, though the rate at which the last ten milligrams are 
precipitated is slightly less with the larger concentrations of nitric acid. 
Effect of Iron Salts upon the Rate of Precipitation. 

A. In the Absence of Nitrate Ions . — The curves plotted on Plate IV 
show how the rate of precipitation is affected by the presence of iron salts* 
The solutions used contained in every instance o. 1975 S • °f copper as sul- 
phate^and 2 cc. of concentrated sulphuric acid, and were diluted to 140 cc. ; 
they were electrolyzed with the gauze electrode D, using a current of 
1 Z . angew. Chem.> 19, 1848 (1906). 
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0. 34 ampere. The curve numbered 10 represents the results obtained 
where no iron was present; No. 11,. where the solution contained 0.8 
g. of iron as ferrous sulphate. The comparatively large amounts of 
ferrous ions present reduced perceptibly the normal rate of precipita- 
tion during the later stages of the deposition, but did not otherwise af- 
fect the precipitation. 

The results represented in curves numbered 12, 13 and 14 represent 
the results obtained with solutions containing respectively 0.2, 0.4 
and 0.8 g. of iron as ferric sulphate. They show that no copper is de- 
posited for a definite interval, which is roughly proportional to the amount 
of ferric salt present. A similar series of solutions were electrolyzed 
under the same conditions and titrated with a solution of potassium 
permanganate, at the point at which the copper first began to separate. 
The results showed that the appearance of the deposit was correlated with 
the reduction of the concentration of the ferric ions to an approximately 
fixed value. Evidently we are here dealing with a complex equilibrium in 
which the important factors are the strength of the current used, the 
concentration of the ferric ions, and the reaction constant of the equation 
2Fe /// Cu — >■ Cu* 4- 2Fe". / 

The value of this constant is evidently large, for if a copper-coated elec- 
trode is allowed to stand in a solution of a ferric salt till equilibrium 
is attained, the concentration of the resulting solution with respect to 
ferric ions is reduced almost to zero. By titrating still another series 
of solutions it was shown that the reduction of the iron progresses dur- 
ing the deposition of the copper and was completed before the copper 
was all deposited. 

B. In the Presence of Nitrate Ions. General Phenomena . — The curves 
plotted on Plate V show the effect upon the rate of precipitation of vary- 
ing combinations of ferric salts and nitric acid. The solutions contained 
in all cases 2 cc. of concentrated sulphuric acid and water to make 140 
cc. and were electrolyzed with the gauze electrode I), using a current 
measuring 0.34 ampere. In 15 the solution contained 0.2 g. of iron 
as ferric sulphate and no nitric acid; in 16, 17, 18 and 20 they contained 

1, 3, 4, and 5 cc., respectively, of concentrated nitric and 0.2 g. of iron as 
ferric sulphate; in 21 it contained 0.2 g. of ferrous sulphate and 4 cc. of 
concentrated nitric acid; in 18 it contained 0.4 g. of iron as ferric sulphate 
and 3 cc. of concentrated nitric acid. In some cases only a few points 
on the curves were determined and the exact position of the maxima 
is only approximately represented. The extreme rapidity with which 
the resolution sometimes took place, and the difficulty of accurately con- 
trolling all the factors concerned, especially the temperature, make ac- 
curate determinations difficult; an approximate accuracy is all that the 
present work requires. 
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The curves show that so long as the concentrations of both nitrate 
ions and ferric ions are kept low, the rate of precipitation is merely re- 
tarded, but where either of these factors, especially the nitrate concen- 
tration, becomes large, deposition may take place normally up to a cer- 
tain stage, then a rapid resolution of the deposited copper. This phe- 
nomenon is well known to analysts, who have had much experience in 
applying the electrolytic method to the analysis of pyritiferous ores and 
has been described by Larison 1 and by Farlie and Boone. 2 

Probable Cause of the Phenomenon. 

The rapidity with which the process of resolution takes place, and 
the fact that with a constant amperage it may not take place at all un- 
til a large amount of the copper has been precipitated, make it improba- 
ble that either nitric or sulphuric acids or ferric salts are the effective 
agents concerned. Its frequent association with the blackening of the 
solution (presumably due to the nitroso compound of ferrous sulphate) 
suggests that the action is due to the presence of one or more of the prod- 
ucts resulting from the reduction of nitric acid. 

A systematic study of the action of solutions of nitric acid containing 
the various lower oxides of nitrogen has led to the conviction that nitrous 
acid is the reagent which is chiefly concerned in this nhenomenon, though 
nitric oxide may play some part in it. Some of the data upon whic|| 
this statement is based are as follows. 

(a) The copper in a solution containing 0.5 g. of copper sulphate, 
2 cc. of concentrated nitric acid and water sufficient to make 100 cc. 
was deposited on a gauze electrode. The latter was then removed and 
after saturating the solution with nitrous oxide gas was again placed in 
the solution. The amount of copper dissolved at the expiration of forty 
minutes was 0.017 g. 

(b) A solution and electrode prepared exactly as in (a) were saturated 
with nitric oxide gas (prepared from copper turnings and nitric acid). 
The amount of copper dissolved from the cathode by this solution at the 
expiration of forty minutes was o . 074 g. 

(r) A solution and electrode prepared exactly as in (a) were partly 
saturated with nitrogen peroxide prepared from tin and nitric acid. The 
copper-coated cathode immersed in this solution for forty minutes lost 
o. 140 g. 

( d ) A solution was prepared which contained 2 cc. of concentrated 
nitric acid and 2 cc. of a solution saturated with respect to both ferrous 
sulphate and nitric oxide, and water sufficient to make ioo cc. The 
copper-coated cathode lost 0.007 g. as the result of immersion in this 
solution for forty minutes. 

1 Eng . Min. J 84, 442 (1907)* 

* Electrochtm. Met. lnd. t 6 , 58 . 



1274 GENERAL, PHYSICAL AND INORGANIC. 

C e ) A solution prepared as in (a) was treated with a mixture of nitric 
oxide and nitrogen peroxide (prepared from starch and nitric acid). The 
entire amount of copper on the cathode, that is, o. 1975 g., was dissolved 
within five minutes. 

Recognizing the fact that nitrogen peroxide in contact with water 
immediately forms a mixture of nitrous and nitric acids, and that the nitric 
oxide T prepared from copper and nitric acid probably contained appre- 
ciable amounts of the peroxide, it seems probable that the phenomenon 
under discussio* is mainly due to the presence of nitrous acid. It has 
been clearly sh ,.n by Millon, 1 Veley 2 and others that this acid has a 
pronounced catalytic action on the dissolution of copper in nitric acid. 
There is also reason to believe that the acid itself has a remarkable sol- 
vent action on the metal. A one-tenth normal solution of potassium 
nitrite acidified with an equivalent amount of sulphuric acid dissolved 
o 1 g. of deposited copper in five minutes, liberating a large amount of 
nitric oxide gas. A half-normal solution also acidified in like manner 
dissolved o. 14 g. in three minutes. Its action is much greater than that 
of corresponding concentrations of either sulphuric or nitric acids. There 
is nothing surprising in this statement. If it is true that the dissolution pf 
copper by nitric acid depends first upon the comparatively high 'disso- 
ciation constant of nitric acid, and second upon the ability of nitrate 
ions to reduce the concentration of the liberated hydrogen to at$ exceed- 
ingly small value, it would not be surprising to find a still greater effect 
with nitrous acid. The latter acid may possess a slightly smaller dis- 
sociation constant, but it is probable that the nitrite ions are more 
efficient in reducing the concentration of the liberated hydrogen than 
the nitrate ions. 

Formation of Nitrous Acid during Electrolysis , — That nitrous acid is 
actually produced during the electrolysis of solutions containing suffi- 
cient concentration of nitric acid and a ferric salt can be shown by titra- 
ting such solutions with potassium permanganate. Thus by electro- 
lyzing a series of solutions, all containing 0 .196 g. of copper, o 1753 g. 
of iron as ferric sulphate, two cc. of concentrated sulphuric and three of 
concentrated nitric acids, and water to make 140 cc., for definite time 
intervals, weighing the precipitated copper and titrating the residual 


solution, the following results were obtained : 


Time interval. 

Minutes. 

Weight of 
copper deposited. 

Reducing power of solo. 
Fe. 

60 

0.1762 

0.1574 

90 

O 1925 

O.I939 

120 

O.I946 

O.244I 

180 

O.1958 

0*2X12 

1 /. prakt. Chem., 29, 338. 



* Proc. Roy. Soc., London 48, 458. 
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Although the current strength here used was sufficient to prevent 
any recognizable re-solution of the precipitated copper, it is interesting 
to note that the rate of precipitation after ninety minutes had elapsed, 
even for the low concentration of copper concerned, was far below the 
normal value. 

The exact conditions necessary for the formation of nitrous acid and 
the mechanism of the reaction have not yet been determined and we 
have never obtained evidence of the formation of nitrous acid in the 
electrolysis of copper nitrate solutions containing free acid unless an 
appreciable concentration of an iron salt was present. Apparently also 
a low concentration of hydrogen ions favors the formation of it. We 
offer no theory of the mechanism of the reaction. 

The Use 0} Urea m Destroying Nittous And . — It has been shown re- 
peatedly that the addition of a sufficient amount of urea to solutions in 
which re-solution of the precipitated copper had taken place, resulted in 
the liberation of a large amount of gas and prompt precipitation of the 
entire amount of copper. It was further shown that the addition of 
urea to solutions containing several ec. of nitric acid before electrolysis 
is started will often permit of complete deposition of the copper, whereas 
in an exactly parallel test, in which the urea was omitted, complete depo- 
sition was impossible. The rate of precipitation is, however, still lower 
than normal, even where 5 g of urea per 100 cc of solution are userl, 
which means presumably that this reagent is still unable to reduce the 
concentration below a value which affects the normal rate of precipita- 
tion to an appreciable extent. 

Since entirely satisfactory deposits can be obtained with the gauze 
electrode in the entire absence of nitrate ions, it is undoubtedly prefera- 
ble to electrolyze solutions of ores containing only copper and iron in 
he presence of sulphuric acid only. When it becomes necessary to sepa- 
rate copper from solutions containing both iron and nitric acid, urea 
may be added with advantage, to prevent the accumulation of unde- 
sirable concentrations of nitrous acid in the solution. 

Effect of the Presence of Arsenic. 

Where solutions containing a salt of copper and arsenic add are elec- 
trolyzed mere traces of arsenic are often separated during the deposition 
of the copper; larger amounts may separate after most of the copper 
has been predpitated, and i.s then easily recognized by the smoky color 
which it imparts to the precipitate, or if large amounts have separated, 
by its loosely adherent character and black color. Several devices have 
been used to avoid the resulting error. 

Solution of the precipitate in nitric acid and repredpitation from a 
solution containing a reasonable amount of nitric acid can be depended 
on to give good results in practically*all cases. 
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The removal of mere films of arsenic from the surface of the cathode 
by carefully heating the latter over a gauze often gives good results, 
but is not entirely reliable, owing to the difficulty of entirely avoiding 
oxidation. 

Attempts to separate the two metals by the constant voltage method 
we have found unsatisfactory, even where low amperages were used and 
is incompatible with the rapid methods of precipitation. 

The addition of oxidizing agents for the purpose of keeping the arsenic 
in the pentavalent form has been generally recommended. Hollard* 
claims that the addition of ferric sulphate effects the desired object, 
but as the iron is itself reduced during the electrolysis, this seems im- 
probable, and we find that the electrolysis of solutions containing arsenic 
acid and a ferric salt, in addition to copper, give large deposits of arsenic, 
provided the solution contains no nitrate ions. Since the solution used 
by Hollard contained nitric acid, we attribute his success to the latter 
reagent. The exact concentrations of nitrate ions necessary to prevent 
precipitation of arsenic depend on the concentration of the latter and 
upon many other factors. We find that where the solution lias a vol- 
ume of 100 cc. and contains 2 cc. of concentrated sulphuric acid and x «*r> 
mg. of arsenic, separation of the latter is effectually prevented by the 
prjsence of 5 g. of ammonium nitrate, even though the current is allowed 
to pass through the solution for several hours after the copper, also pres- 
ent, was deposited. Under similar conditions one cc. of concentrated 
nitric acid prevented the separation of arsenic from a solution containing 
10 mg. of the latter. These results were obtained with the gauze cathode 
using currents of as much as 0.75 ampere. The limits given are only 
the roughest kind of approximations. 

Effect of the Presence of Salts of Zinc and Aluminium. 

The addition of either zinc or aluminium to the extent of o 4 g. has but 
little effect on the time needed for complete depo.sition of copper. The 
solutions used in determining this fact contained only sulphates and 
sulphuric acid, and were electrolyzed with the gauze electrode, using 
0.34 ampere. A very slight decrease in the rate at which the last four 
mg. were deposited was noted, which increased the time needed by about 
five minutes. 

A second effect has been observed in the electrolysis of solutions con- 
taining large amounts of zinc in addition to copper with electrodes of the 
Mansfield type, namely, a greater tendency for the formation of unsatis- 
factory deposits. These effects were never observed where gauze elec- 
trodes were employed. 

1 Analyse des Metaux par Electrolyse , 83 , 
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Effect of the Presence of Lead Salts. 

This element may separate in large amounts with the copper from solu- 
tions containing sulphuric acid. A large concentration of nitrate ions 
prevents this, but the amount needed is in excess of that which is de- 
sirable, if iron is also present in large amounts. As most of the lead 
present as ore is usually changed into the sulphate, in preparing the solu- 
tion, it is preferable to use sufficient care to separate it as completely 
as possible in this form. We find that, if the insoluble precipitate of the 
sulphate is left in contact with the solution, very large amounts may be 
dissolved and precipitated as the deposition progresses. 

Practical Application to the Analysis of Ores. 

The data presented in the previous sections indicate the difficulties 
to be avoided in applying the electrolytic method to the analysis of pyri- 
tiferous ores. If one-gram samples of such ores are used the resulting 
solutions may possibly contain o 2 g. of copper, o 4 g. of iron and varia- 
ble amounts of zinc, arsenic and lead. 

Assuming first that arsenic is not present and that lead has been care- 
fully removed as sulphate, it should be possible to separate all the cop- 
per by the use of the Winkler electrode and a current of o 75 ampere 
within ninety minutes, provided the \olunie decs not exceed 100 cc. 
and the solution does not contain more than five cc. of concentrated 
sulphuric and no nitric acid. To test the suggestion, a series of 
solutions containing o 1956 g. of copper and 04 g. of ferric iron 
were electrolyzed under the conditions named, using the gauze electrode 
F. The results obtained were : 

0.1957 0.1957 o 1958 

Assuming that arsenic is also present, either the solution should be 
electrolyzed under the conditions named above, the deposit dissolved in 
nitric acid and re-electrolyzed; or, whete the amount is small, good re- 
sults might be expected from a single precipitation by adding to the solu- 
tion from one to two cc. of nitric acid and 5 g. of urea. To test this sug- 
gestion, a series of solutions containing o 1956 g. of copper and o 4 g. 
of ferric iron and 0.01 g. of arsenic (added in the form of H s As 0 4 ) were 
electrolyzed as before, after the addition of one cc. of nitric acid and 5 g. 
of urea. The results obtained were: 

0.1959 0.1948 o 1957 o 1959 

Chemical Laboratory, 

University of California 


NOTE. 

New Normal Solution and Reagent Bottle. — The new normal solution 
bottle which I have designed is the simplest and most effective of any 
that has come under my notice. The bottle is of the long narrow type, 
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having a ground-glass cap. The cap and bottle are each provided with a 
groove which, when turned to coincide, allows the free entrance of air, 
while when turned in any other position forms an air-tight seal. 

Into the bottle are drilled two small holes, one at the upper portion, 
the other near the bottom. A burette is procured whose delivery tube 
is bent at two right angles (or an ordinary burette which has been bent 
into this form). At the base of this burette an opening is blown, right in 
line with the graduated tube. To this opening a piece of glass tubing 
which is provided with a glass stopcock, and also has been bent at right 
angles, is fused. To the top of the burette another piece of glass tubing 
which has also been bent at right angles, is fused. The two ends which 
are now at right angles with the burette, and pointing in directly oppo- 
site direction from the delivery tube, are placed in their respective holes 
in the bottle and fused. 

The support for the bottle is a light wooden frame, which in turn is 
suspended between two triangular racks by trunions, which allow the bot- 
tle free motion backward and forward. The bottles are never removed 



from these frames. When refilling is necessary the frame is lifted from 
its bearings and when the bottle is filled the frame is set back into posi- 
tion. On the base of each stand, between the triangular supports, a piece 
of white tile is fitted on which the titration is performed. 

In order to manipulate the bottle stopcock A (Fig. 3) is opened, stop- 
cock B closed, the grooves in the cap and neck are brought to coincide, 
the bottle is then grasped by the neck and tilted forward, which allows 
the solution to flow up into the burette. Stopcock A is then closed 
while the bottle is still in its inclined position, preventing the solution 
from passing from the burette back into the bottle, the bottle is then al- 
lowed to regain its original upright position, and the burette is ready 
for operation. These bottles are arranged in series, as shown in Fig. 1, 
which is very convenient and requires very little space. 

The new reagent bottle, as shown in Fig. 4, is constructed in the sam e 
manner as the normal solution bottle, excepting that the burette is part 
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of the bottle and stopcock A is set into the bottle, allowing the bottle 
to be handled as any ordinary reagent bottle, as well as supplying a long- 
felt necessity, that of knowing the amount of reagent one is using either 
in qualitative or quantitative work, without going to the necessary 
trouble of using cylinders, pipettes, etc. One is also positive that no other 
reagent or dirt of any kind has come in contact with the measuring ap- 
paratus. 

This bottle is manipulated in the same manner as the normal solution 
bottle, only held in the hand instead of a support. Frank M. Davis. 

Mac Andrews and Forbes Co , 

Camden, N J 


[Contribution’s from the Sheffield Laboratory of Yale University.] 

METATHETICAL REACTIONS: ETHER-THIOUREAS AND THEIR 
RELATION TO PSEUDOAMMONIUM BASES. 

By Treat B Johnson and Herbert H. Guest . 1 

Received June 18, 1910. 
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I. Pseudoammonium Bases and Their Alcoholates. 

A characteristic feature of cyclic, quaternary bases (ammonium bases) 
is tlieir tendency to undergo isomerization in aqueous solution. The 
hydroxyl group of the base migrates from nitrogen to a carbon atom, 
giving tri valent-nitrogen compounds or pseudoammonium bases (faw- 
monium bates ). 2 Decker calls these rearrangement products oxydikydro 
or carhinol bases. 3 These transformations in the acridine (I), quinoline 
(II) and isoquinoline (III) series are represented by the following formulas: 
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R — N— OH 
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CHOH 
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N-R 
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1 Presented at the San Francisco meeting of the American Chemical Society. 

* Hantzsch and Kalb, her., 3a, 575, 3109. 

* Ber., 25, 33 -’/- 
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III. 
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n 

N — R 


\/ 

CHOH 


VI. 


The pseudoammonium bases IV, V, VI (pyridines, quinolines, iso- 
quinolines and acridines) are especially characterized by their behavior 
towards alcohols. They react at ordinary temperature, with loss of 
a molecule of water, giving alcoholates or ethers (Sauerstoffather ) 1 which 
are capable of undergoing unique transformations when warmed with 
alcohols. The characteristic behavior of these cyclic alcoholates is sum- 
marized in the following quotation from a paper by Decker* on the alco- 
holates of some quinoline pseudoammonium bases: 

“Gegeniiber Alkoholen mit anderen Radikalen verbal ten sich die 
Alkoholate in der Weise, dass sie ihren an Sauerstoff gebundenen Al- 
kylrest leicht und glatt gegen den Rest des in Uberschuss angewandten 
anderen Alkohols umtauschen. So wurde das Methylalkoholat in einem 
Uberschuss von Benzylalkohol unter Erwarmen gelost und nach erkalten 
krystallisirte das characteristische Benzylalkoholate heraus.” Kuntze,® 
for example, has recently shown that ethoxyhydrocotarnine (VII) anil 
/-amoxyhydrocotamine (VIII) react with /-amyl and ethyl alcohol, re- 
spectively, on warming, with transposition of their alkyl groups. 


CH,o/\cH,.CH a 


CH; 


■Aj CH — NCH 5 
OC,H & 

VII. 


C 6 H n OH 

C,H 6 OH 


ci^o/Nch^.ch, 

CHjol^JcH — NCHj. 
OC»II«. 

VIII 


Two theories have been advanced to explain the mechanism of this 
reaction of an alcoholate with alcohols. According to Decker 4 the alco- 
hol first adds to the nitrogen atom of the alcoholate giving an unstable 
addition product, which then loses a molecule of alcohol giving a new 
alcoholate. This* change involves necessarily a rearrangement of an 
alkoxy group from nitrogen to the carbon atom. These changes are 
represented by the following formulas: 


I I c 6 h u oh 

R — N — CHOC,H 6 > 


H 

1 I 

RN — CHOC f H 6 
OC 5 H u 


RN-~CHOC 6 H n + C,H # OH. 


1 Roser, Ann., 254, 362. Freund, Ber., 22, 2337. Decker, Ann., 254 , 360. Ber., 
33 2 * 7i 33» 1 7 1 5* Freund and Bamberger, Bet ., 25, 1753. 

* J. prakt. Chem 45, 182. See also Ber., 25, 3327. 

a Arch. Pharm 246, no (1908). 

4 Ber ., 33, 1715. 
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Gadamer 1 takes issue with Decker 2 and interprets these transforma- 
tions of quinoline and isoquinoline alcoholates by typical, aldehyde re- 
actions. According to him, the reaction is perfectly analogous to the 
action of alcohols on chloral alcoholates . 3 He assumes that the cyclic 


.OH /OH 

C1,CCH< +C 5 H n OH iZZ C1 S CCH< 1 C 3 H r ,OH. 

X OC t H, X OC 5 H n 

alcoholates undergo partial dissociation in solution into alcohol and an 
aldehyde base. The latter then reacts with the alcohol in excess, by 
mass action, giving an aldehyde alcoholate, which then condenses to a 
new alcoholate of the pseudobase. These changes are represented by 
the following formulas: 


n 

1 CHOCfHr, 

N 

R 


H v O 



CsH m OH 


n 


\ 


.OH 

CH'oc ,H 
NHR 



>CHOC ( H n fH 3 C). 


He writes : 4 “Jedenfalls ist die Auffassung Deckers bezuglich der 
Ueberfiihrung eines Alkoholates in ein anderes nicht haltbar. Man 
inassemvirkung annehmen mussen. Diese setzt aber veraus, dass die 
Alkoholate in Aldehydbase und Alkohol dissoziiert sind.” 

The mechanism of these characteristic, metathetical reactions is still 
a subject of polemic. Therefore, with the possibility of obtaining new 
data which might contribute to our present knowledge of these trans- 
formations, it seemed desirable to investigate the behavior, towards 
alcohols, of some acyclic nitrogen compounds related in structure to 
cyclic pseudoammonium alcoholates. We selected, therefore, for our 
study some representatives of a new class of thioureas — ether-thioureas - 
recently described in this laboratory. 

II. Ether-thioureas and Their Behavior towards Alcohols. 

In a previous paper from this laboratory, the writers'* have shown 
that certain primary halogen-ethers (IX) react smoothly with potassium 
thiocyanate giving iso thiocyanates (X). We described isothiocyanodi- 
methyl-, isothiocyanomethylethyl- and isothiocyanomethylisoamyl ethers 
and also several representatives of a new class of thioureas — ether-thio- 
ureas (XI). The latter were obtained by the action of these isothiocyanates 
on organic bases. 

RO.CH a Cl RO.CH,NCS ROCH a N HCSN H R * 

IX. X. XI. 

(R * CH S ,C,H*. R' - C e H fl , etc.) 


1 Arch. Phurm 243, 12; 246, 89 Gadamer and Kuntze, ibid,, 246, 91. 
1 hoc . cit 

* Kuntze, l * oc . cit . 

* Arch . Pharm 246, 96 

* Am. Chem. J. t 41, 357 (* 9 ° 9 )- 
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If a comparison is made of the structural formula of a pyridine alco- 
holate with that of an ether-thiourea, the fact is revealed that the thiourea 
and cyclic derivative are very closely related. In fact, the thiourea 
contains the same linking =C.N.CH.OR as the cyclic alcoholate, and 

III 

may be regarded as an acyclic pseudoammonium compound. These 
thioureas, therefore, might be expected to undergo transformations 


(Cyclic) 

CH — CH * CH 
II I 

HC NR — CHOR 

(R - CH„C,H V 


(Acyclic) 

S H 

II I 

R'HN.C - NH- CHOR 
R' - C e H a , C 7 H 7 , etc.) 


with alcohols analogous to those which have been observed to take place 
with the cyclic alcoholates. Our observations have confirmed such 
an assumption. 

We find that it is a characteristic feature of every ether-thiourea which 
we have examined, to react with alcohols, on warming, with transpo- 
sition of the alkyl groups. In order to purify them by crystallization 
from an alcohol it is necessary to use, as solvent, an alcohol containing 
the same alkyl group as that attached to oxygen in the ether- thiourea. 
Furthermore, the reactions are reversible and are not influenced by tbd 
R.NHCSNHCHjOCjHj + CH.OH 7^ R.NHCSNHCH.OCH* H C*H*OH, 
boiling points of the alcohols, or by the size of the alkyl groups involved 
in the change. 

Our experiments were performed with the phenyl and />- tolyl ether- 
thioureas obtained by the action of aniline and p-toluidine on isothio- 
cyanomethyl-, -methylethyl and -methylisoamyl ethers . 1 1 -Phenyl- 2 -iso- 
amoxymethylthiourea (XVI) and 1 -phenyl- 2 -ethoxymethyl thiourea (XVII) 
were both converted smoothly into 1 -phenyl- 2 -methoxymethylthiourea 
(XIV) by crystallization from methyl alcohol. The structure of this 
methoxy compound was established by the fact that it was identical 
with the methoxythiourea obtained by the action of aniline on isothio- 
cyanodimethylether. Crystallization of i-phenyl-2-isoamoxymethylthio- 
urea (XVI) from ethyl alcohol gave i-phenyl- 2 -etlioxymethylthiourea 
(XVII) which is changed practically quantitatively into the original 
isoamoxy compound by recrystallization from isoamyl alcohol. 

Analogous transformations were obtained with the corresponding 
/>- tolyl compounds: i-Paratolyl-2-methoxymethylthiourea (XV) was pre- 
pared by the action of isothiocvanodim ethyl ether on />-toluidine. This 
same thiourea was also formed smoothly when i-paratolyl-2-isoamoxy- 
methylthiourea (XVIII) and i-paratolyl-2-ethoxymethylthiourea (XIX) 
were crystallized from methyl alcohol. Crystallization of i-paratolyl- 
2-isoamoxymethylthiourea (XVIII) from ethyl alcohol gave l-paratolyl- 
1 Johnson and Guest, Lac. cti. 
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2-ethoxymethylthiourea (XIX), which is converted smoothly into the 
original isoamoxy derivative when warmed with isoamyl alcohol. These 
various transformations are represented by the following formulas: 


CaHjjOCHjNHCSNHCflHf, 


C JIsOH 

Cr,n u oh 

◄ 


CjH^OCHjjNHCSNHCijHg 
XVIL * 


> ch 3 och s n hcsnh c«h 5 

XIV. 


C 6 H n OCH,NCS 
I XII. 




CH 3 OCH s NHCSNHC 6 H<CH s 


XV. 


CjH-OH 






C s H,OCH,NCS 
I XIII. 




C 5 H||OCII f NH.CS.NHC b H 4 .CII a TTTTni CjHjOCH.NHCSNHCJI^CH,. 

XVIII. Y " xix. 

It is therefore possible, by application of this reaction, to prepare a 
whole series of ether-thioureas, RNII.CSNH.CH ? OR', from one isothio- 
cyanomethyletlier, R'OCH 2 .NCS. In case it should be observed that 
certain primary, aliphatic halogen-ethers do not react, or perhaps react 
abnormally with potassium thiocyanate giving stable thiocyanates 
R.SCN, this reaction might be indispensable for the preparation of their 
corresponding thiourea derivatives. 

It appears to the writers that the simplest explanation of these charac- 
teristic transformations of ether-thioureas is to assume the intermediate 
formation of unstable addition products, which then break down, giving 
a new thiourea and alcohol. Whether this involves an addition of the 
alcohol to nitrogen, as assumed by Decker, giving a compound XX, 
or an addition to the oxygen atom giving a carboxoniuin compound 
XXI, or thirdly a polymolecule XXII, we have at present no knowledge. 


H 

I 

RNH.CS.NH.CHjOR, 

I 

oc 8 h, 

XX. 


C,H fc 

i 

RNHCSNHCH ,0 R , 

I 

Oil 

XXI 


/RNHCS.NH.CHjOR 
{ Cj.Hr.OH 

XXII 


The results which we have obtained do not support the theory ad- 
vanced by Gadamer to explain the mechanism of the reaction of a cyclic 
alcoholate with alcohol. According to this interpretation, when an 
alcoholate reacts with alcohol, there is first a rupture of the bond be- 
tween carbon and nitrogen of the alcoholate with intermediate forma- 
tion of an aldehyde. In the case of an acyclic compound like i-plienyl- 
2-ethoxymethylthiourea (XXIII), therefore, according to this explanation, 
formaldehyde (XXV) and phenylthiourea (XXIV) would be intermediate 
products of the reaction. 

C,H S N HCSN H.C H, 0 R C.H.NHCSNH, + CH 2 0 I HOK. 

XXIII. XXIV. XXV. 
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If a hydrolysis of this character takes place then one would expect 
to obtain the same ether-thiourea by simply dissolving phenylthiourea 
in an alcoholic solution of formaldehyde. The facts do not support 
such a conclusion. We obtained no evidence of the formation of ether- 
thioureas when phenylthiourea or ^-tolylthiourea were crystallized re- 
peatedly from a methylalcohol solution of formaldehyde. They sepa- 
rated unaltered, and melting constantly at 154 0 and 188 0 , respectively. 

III. Experimental Part. 

t. Crystallization from Methyl Alcohol: i-Phenyl- 2 -methoxymethylthio- 
urea, C 6 H 5 NHCSNHCH 2 OCH 3 . — This thiourea was formed smoothly 
by recrystallization of i-phenyl-2-ethoxymethylthiourea (m. 125-6°) 
from methyl alcohol. It separated in prismatic crystals melting at 133° 
(Kjeldahl) : 

Calculated for CjH^ONjS: N, 14.28; found, 14.28. 

This same thiourea, melting at 133 °, was also obtained by crystalliz- 
ing i-phenyl-2-isoamoxymethyl thiourea (m. 109°) from methyl alcohol 
(Kjeldahl) : 

Calculated for C 0 H 12 ON 2 S: N, 14.28; found, 14.10. 

1 -Paratolyl-2-methoxym ethylth iourea , CH 3 . C 0 H 4 N H CS N H CH 3 OCH^ 

was prepared by crystallizing i-paratolyl-2-ethoxymethyl thiourea (m. 
120°) from methyl alcohol. It melted at 1 29° to a clear oil. The same 
thiourea was also formed smoothly when i-paratolyl-2-isoambxymethyl- 
thiourea was crystallized from methyl alcohol (Kjeldahl) : 

Calculated for C 10 H l4 ON 2 S: N, 13.33; found, 13.42, 13 30. 

2 . Crystallization from Ethyl Alcohol . — (a) When i-phenyl-2-isoamoxy- 
methyl thiourea (m. 109°) was dissolved in hot, absolute ethyl alcohol 
and the solution cooled, pure 1 -phenyl- 2 -ethoxymethylthiourea sepa- 
rated and melted at 125-6°. A mixture of this thiourea and the thiourea 
made from aniline and isothiocyanomethylethyl ether melted at the same 
temperature (Kjeldahl) : 

Calculated for C 10 H 14 ON 2 S: N, 13.33; found, 13.08. 

(b) When i-paratolyl-2-isoamoxymethylthiourea was crystallized from 
hot, absolute ethyl alcohol it was converted smoothly into i-phenyl- 
2-ethoxymethylthiourea melting at 120° to a clear oil (Kjeldahl): 

Calculated for C n H 16 ONjS: N, 12.43; found, 12.40. 

5. Crystallization from Isoamyl Alcohol . — (a) 1 -Phenyl-2 -ethoxymethyl- 
thiourea (m. 125-6°) was crystallized two times from isoamyl alcohol 
when it was completely changed to i-phenyl-2-isoamoxymethyl thiourea 
melting at 109 °. A mixture of this thiourea and the thiourea prepared 
from isothiocyanomethylisoamyl ether and aniline melted at the same 
temperature (Kjeldahl): 

^ Calculated for C^HaoONjS: N, 11.11; found, 10.99. 
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( b ) i -Paratolyl-2-isoamoxymethyl thiourea (m. 119 0 ) was obtained 
when i-paratolyl- 2 -ethoxymethyl thiourea was crystallized from isoamyl 
alcohol (Kjeldahl): 

Calculated for C 14 H 22 ON 3 S: N, 10 52; found, 10.56. 

New Haven, Conn. 
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Bromination of Phenyl and Tolyl Ethers. 

The ethers employed were all prepared by distilling the aluminium salts 
of the corresponding phenols. While the yield of phenyl and metatolyl 
ether was good, the yield of the ortho- and par a tolyl ether was so small 
that, in some instances, it was found difficult to obtain a sufficient amount 
of some of the bromine derivatives to purify sufficiently to yield very 
satisfactory results on analysis, which accounts for some instances given 
below where there is considerable difference between the results of analysis 
and the requirements of calculation. The best yield of phenyl ether was 
obtained by distilling aluminium phenolate with a sharp heat ; but in case 
of the tolyl ethers, the best yield was obtained by distilling with a low 
heat. A sharp heat gives rise to a greater proportion of higher boiling 
substances and less of the ether. 

On distilling some aluminium paracresolate with a sharp heat, a peculiar 
phenomenon was observed, which was not noted in connection with the 
distillation of any other aluminium salt of the phenols. Bright flashes 
of light followed one another in quick succession on the surface of the 
boiling and decomposing liquid. This recalls the fact noted in connection 
with the distillation of aluminium phenolate in the preparation of phenyl 
ether, that the escaping gases occasionally ignited spontaneously on coming 
in contact with the ait. In the present case, howevei, the evolving gases 
had not yet come in contact with oxygen and the phenomenon could not 
have been due to combustion. 

On distilling some aluminium paracresolate which had been kept for a 
couple of months in a bottle with a defective cork, through which air 
had gained access and acted upon the substance, it was found that it 
yielded paracresol and almost no paratolyl ether and higher boiling sub- 
stances. It did not melt down as the freshly prepared substance does, 
even when highly heated. It w*as found to dissolve very readily in abso- 
lute alcohol, carbon disulphide and various other organic solvents. On 
adding a little water to the solution there was thrown down a voluminous 
gelatinous precipitate. Its action is therefore exactly analogous to that 
of aluminium phenolate to which air in limited amount has had access 
for some time, and which has been described in a previous paper. An 
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investigation into the character and causes of these changes is now in prog- 
ress in the chemical laboratory of the University of South Dakota . 

Brominatwn of Phenyl Ether. — Hoffmeister 1 prepared dibromophenyl 
ether b}' slowly adding bromine to phenyl ether dissolved in carbon di- 
sulphide, kept well cooled until the red color of the bromine ceased to 
vanish. Melting point, 55 °. In an endeavor to prepare a higher bro- 
mine derivative, I added a large excess of bromine to some phenyl ether 
and allowed it to stand for three days with occasional shaking. The 
carbon disulphide was removed by evaporating on the water bath, which 
operation also removed a portion of the bromine not acted upon. The 
remainder of the excess of bromine was removed by washing with caustic 
soda solution. There was obtained a light yellow liquid of the con- 
sistency of glycerol, which failed to solidify on standing three months. 
It boiled at 240-260° at 30 mm. On analysis it yielded 59.6 per cent, 
of bromine. Theory would require 65.84 per cent, for the tetrabromo de- 
rivative and 48.78 per cent, for the dibromo derivative. It was appar- 
ently a mixture of the dibromo and tetrabromo derivatives, 36.5 per cent, 
of the former and 63 . 5 per cent, of the latter. From the experiments de- 
scribed below, one would not expect that a higher bromide wouljji be 
found in the mixture. 

Tetrabromophcnyl ether ((QH^Br^jO) was prepared by gradually adding 
an excess of bromine to phenyl ether dissolved in carbon disulphide, to 
which had been added a little iodine to act as a carrier, and shaking 
meanwhile. The addition of iodine greatly facilitated the reaction, 
which was clear cut and rapid. In the beginning hydrobromic acid was 
given off very rapidly but gradually subsided and seemed to cease when 
sufficient bromine had been added to form the tetra compound. The 
solution was allowed to stand at room temperature for some time and 
then heated on the water bath to drive off the carbon disulphide and 
excess of bromine. There was obtained a red, viscous substance which 
became milk-white on washing with a solution of caustic soda, and on 
stirring with cold water it suddenly solidified. The yield of the crude 
product was quantitative and quite pure It distilled at 280-290° at 
25 mm. and at 410-425 0 under ordinary atmospheric pressure. It is 
soluble in carbon disulphide and petroleum ether and insoluble in water, 
alcohol and most organic solvents. It crystallized in large, radial aggre- 
gations of swordlike needles The crystals obtained were about three- 
fourth inch in diameter. On cooling, per se> it likewise collects in radial 
masses on solidification. It is odorless and tasteless and colorless, but 
on continued exposure to light it turns slightly brownish. It melts at 
83-84°. On analysis it yielded 65.56 per cent, of bromine. Calculated 
for (CeH 8 Br 2 ) 3 0 , 65 . 85 per cent. 

1 Attn,, 159, 210. 
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Attempts were made to prepare the hexabromo, octobromo and deca- 
bromo derivatives. A little more than the calculated amount of bromine in 
each case was allowed to stand in contact with phenyl ether in the pres- 
ence of iodine for several days with occasional shaking. In every case 
there was obtained only the tetrabromophenyl ether as shown by the 
melting point and analysis for bromine. 

Dibromomctatolyl ether (CH 8 C„H 2 Br — O — BrC fl H 2 .CH 3 ) was prepared 
by adding very gradually, with constant shaking, a little more than the 
theoretical amount of bromine to inetatolyl ether dissolved in several 
times its weight of carbon disulphide. When the calculated amount of 
bromine required to form the dibromo derivative was added to the sub- 
stance, per se , or in solution in carbon disulphide, in the dark, in direct 
sunlight, heated to the boiling point, at the temperature of the boiling 
water bath, at room temperature or at — 20°, there was always formed, 
with equal facility, a dibromo compound which was identical in every 
instance. The yield was little short of quantitative. It was purified by 
repeated distillation, discarding the highest and lowest boiling portions 
each time. A portion was obtained which melted at 48°, but began to 
soften a few degrees low ? er. The substance boils at 340-350° (uncor.) 
under ordinary atmospheric pressure and at about 250° under 15 mm. 
pressure. The dibromo compound is a white, crystalline solid, which 
turns yellow with age. It tends to crystallize in warty aggregations on 
cooling from the molten state. It is soluble in carbon disulphide, alco- 
hol, ether and several other organic solvents; sparingly soluble in absolute 
methyl alcohol and insoluble in water. 

The substance was boiled with water and then with a strong solution of 
sodium hydroxide in the hope of introducing the hydroxyl group in place 
of the halogen atom, but without result. It was then heated in a closed 
tube to 200° for several hours with a strong solution of sodium hydrox- 
ide but there was no indication of any reaction. On analysis it yielded 
44 55 P er cent * of bromine. Calculated for C J4 H 12 OBr 2 , 44 94 per cent. 

Tetrabromometatolyl ether (CH^CJhBr, — O— C H H 2 Br 2 .CH s ) was found 
to be best prepared by adding an excess of the bromine required by cal- 
culation directly to the inetatolyl ether in the presence of a little iodine 
and heating on the water wath to drive off the surplus bromine. The 
yield was very good. The substance was purified by repeated fractional 
distillation under diminished pressure. It boils at 260-270° under 35 
mm. pressure, but decomposes when distilled under ordinary atmospheric 
pressure. « 

It is a light yellow, sticky, viscous substance, which crystallizes in warty 
aggregations on standing for .some time. It becomes fluid on gently 
warming and is sdluble in carbon disulphide, but is insoluble in alcohol, 
ether, and most common organic solvents. The compound was boiled 
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with water, a strong solution of potassium hydroxide, and water and 
precipitated calcium carbonate, respectively, for some hours, without 
any evidence of chemical action. It was heated in a closed tube with 
each of these reagents for three or four hours, at 200-300°. The tube 
containing potassium hydroxide showed some signs of chemical action, 
but it was by no means complete — in fact, it was only in the initial stage. 
The filtrate yielded a precipitate with silver nitrate in the presence of 
nitric acid which was soluble in ammonium hydroxide, and a small quan- 
tity of an organic substance, presumably, a hydroxymetatolyl ether, was 
precipitated by neutralizing with an acid. An analysis yielded 61.85 
per cent, of bromine. Calculated, 62 . 26 per cent. 

In one experiment in the bromination of metatolyl ether, the bromine 
was added to the metatolyl ether, per se, at 150° in direct sunlight, but 
the bromine, as shown by various experiments, was as firmly bound as 
in brominating at o°. When double the amount of bromine was added, 
or even a much larger excess, there was produced, with equal readiness, 
a tetrabromo compound under varying conditions of sunlight and dark- 
ness, heat and cold. Some of the tetrabromo compound always appeared 
to be formed in preparing the dibromo derivative by employing the amounts 
of reacting substances required by calculation, and there always remained 
some of the other unacted upon, but only a very small amount. The 
reaction was quite clear cut and the two foreign substances were readily 
separated from the dibromometatolyl ether by fractional distillation. 
In the preparation of the tetrabromo derivative by employing the amounts 
of the reacting substances required by calculation, there was obtained a 
little tar and a very little of the dibromo compound was obtained, but the 
reaction was far more clear cut than is usual in similar cases. It proved 
impossible to induce metatolyl ether to combine with more than four 
atoms of bromine, no matter how large an excess was added. No carrier 
was used in these experiments. Subsequently metatolyl ether was brotn- 
mated in the presence of a little iodine in order to determine whether a 
higher derivative would be formed, but only the tetrabromo compound 
was obtained, nor did the presence of iodine seem to facilitate the reac- 
tion to any extent. It would appear, therefore, that metatolyl ether 
is more easily brominated than phenyl ether. 

I believe, for the following reasons, that the bromine enters the nucleus 
and not the side chain in these experiments. The bromine derivatives 
effectually resisted all attempts to prepare from them compounds anal- 
ogous to benzyl alcohol and benzaldehyde by all of the common meth- 
ods. The bromine is very firmly linked in these compounds, and all at- 
tempts to introduce the hydroxyl group in its place were unsuccessful. 
This is in accordance with what would be expected if the halogen entered 
the nucleus. Neither of the two compounds, when purified, gave off 
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vapors which attack the mucous membrane of the eyes, as in case of 
substances formed by the halogen entering the side chain, but when 
freshly prepared, and before purification, they did have this property, 
indicating the possible formation of a small quantity of the side chain 
compounds. Perhaps the halogen might be induced to enter the side 
chain bjrf employing a still higher temperature, in direct sunlight, but 
mment was not tried on account of lack of both time and ma- 

11* v w Jyl ethers are markedly different from toluene and its homo- 
logs in** their action toward bromine, for in these the halogen enters 
the side chain in direct sunlight, or at the boiling point of toluene, and it 
enters the nucleus in the dark, when cold. 

4-Methyl-2',4'-Dinitrophenyl Ether and Derivatives. 

Having carried out a number of reactions between pbtassium phenol- 
ate and the potassium cresolates, which have been reported in this and 
other journals, it was thought that it might be interesting and profitable 
to extend the study to bromdinitro benzene. 

4-M ethyl-2' ^-dmitrophenyl ether (ClI 3 C 0 H 4 OC 6 H 3 (NO 2 ) 2 ) was pre- 
pared by mixing molecular ecpmalcnts of potassium paracresolate and 
1 bromo- 2, 4-dinitrobenzene and wanning very gently to start the re- 
action. (In one instance when the two reacting substances had been 
finely powdered and intimately mixed, the reaction took place at ordinary 
room temperature, with considerable rise of temperature.) When the 
action was well started a gentle ebullition took place, which gradually 
died down when the reaction was completed. 

The resulting substance was dissolved in hot alcohol, filtered from the 
precipitated bromide, and allowed to crystallize. After three recrystal- 
lizations it melted sharply at 93 The yield w r as nearly quantitative. 
It is a yellow r -colored substance, very soluble in hot alcohol, but sparingly 
soluble in the cold. It is also quite soluble in various other organic sol- 
vents. Analysis for nitrogen yielded 10 64 per cent. Calculated, 10 22 
per cent. 

On adding a solution of sodium hydroxide to some of the substance a 
reaction at once set up with evolution of heat. The compound was ap- 
parently saponified with the production of paracresol and 2,4-dinitro- 
phenol. 

The free snl phonic acid ((N 0 2 ) 2 C 6 H 3 0 C ( ,H 3 CH 3 S 0 3 H) was prepared by 
dissolving the ether in concentrated sulphuric acid, by the aid of the 
boiling water bath, precipitating the excess of sulphuric acid with freshly 
prepared lead chloride, and then precipitating the lead with hydrogen 
sulphide and evaporating to crystallization. 

It is very soluble in water and shows a tendency to crystallize in radial 
aggregations of fine needles, like many other derivatives of phenyl ether. 
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On heating to 85° in the air bath in contact with air it melted and lost 
in weight corresponding to one and one-half molecules of water of crys- 
tallization. However, when heated in a melting-point tube, it did not 
melt until the temperature of 150° was reached and then with apparent 
decomposition. When a weak water solution was mixed with sodium 
carbonate, calcium carbonate, and barium carbonate, it caused a brisk 
evolution of carbon dioxide. Its water solution is only slight® yellow 
but a solution of the barium salt in water is quite yellow, whichjfipcom^s 
much more intense on heating. A solution of the sodium salt i$ much 
yellower still and in ensifies on warming a few degrees. 

Analyses resulted as follows: 

Calculated for C ja H 10 OgS + 1 V 2 H 2 C) : S, 8.4 ; H a O, 9 61 
Found: S, 8 28; H 2 0 , 9 69, 9 53. 

The barium salt , ((N 0 2 ) 2 C ft H 3 0 C H H 3 CH 3 S 0 3 ) 2 Ba, was prepared by dis- 
solving the ether in concentrated sulphuric acid and diluting with a large 
amount of water, treating with an excess of barium carbonate to precipi- 
tate the sulphuric acid and change the sulphonic acid to the barium salt 
and evaporating to crystallization. Attempts to prepare the barium 
sail as in case of he mononit rophenyl ether, by precipitating the jjxcess 
of sulphuric acid with barium chloride and then adding a sufficient amount 
to change the sulphonic acid to the barium salt, were unsuccessful. In 
attempting to crystallize the product formed, it seemed to decompose 
and form a compound insoluble in water. 

The barium salt is light yellow in colo , but when heated to ioo° it 
assumes a much deeper tint. The water solution is much yellower than 
the salt itself. It is different from most of the barium salts of the sul- 
phonic acid derivatives of the phenyl ethers thus far prepared in that it 
does not contain any water of crystallization. 

On adding a few drops of concentrated hydrochloric acid to a solution 
of the barium salt, it clears up immediately, probably due to the forma- 
tion of barium chloride and the liberation of the free sulphonic acid, 
which is nearly colorless. Two analyses yielded 16.30 and 16.29 per 
cent, of barium; calculated f$r (CH r (N 0 2 ) 2 .C 7 H 6 0 S 0 3 )Ba, 16.34 per 
cent. 

The sodium salt ( ( N C 2 ) • C 0 H 3 OC,j H 3 . CH 3 SO.,N O) was prepared by pre- 
cipitating the barium of the barium salt with sodium carbonate and also 
by neutralizing the free sulphonic acid with sodium carbonate and evapo- 
rating to crystallization in each case. When dry, the salt is light yellow 
in color but when moist it is brilliant yellow. Its water solution is very 
yellow. On adding a few drops of strong acid to a solution in water, 
the yellow color almost entirely disappears. It melted at 145 0 . On 
heating to 100°, it loses in weight, corresponding to one and one-half 
molecules of water of crystallization. On coming in contact with the 



PHENYL ETHER AND SOME OF ITS DERIVATIVES. I29I 

air again for a few hours, it absorbs moisture from the air until it attains 
its original weight. An analysis resulted as follows: 

Calculated for C l3 H tt 0 8 N 3 SNa 4 - iV 2 H 2 0: Na, 6 oo; H 2 0 , 2.29. 

Found: Na, 6. 11; H 3 0 , 2 .55. 

Other Salts. - -Attempts were made to prepare the chromium and cobalt * 
salts by precipitating the barium from the barium salt by means of chro- 
mium sulphate and cobalt sulphate. Substances were obtained which 
were supposed to be the salts sought but they both decomposed on at- 
tempting to purify them by crystallization. 

2 : 4- Din itro-p- phenoxybcnzoic acid ((N 0 2 ) 2 .C b H 3 0 C h H 4 .C 00 H) was pre- 
pared by dissolving the dinitrophenylrnethyl ether in glacial acetic acid 
and, while warming on the water bath, adding a solution of chromic an- 
hydride in water until a test portion would yield a precipitate on addi- 
tion of a large volume of water which would completely dissolve on addi- 
tion of an alkali. 

The acid was purified by dissolving in a dilute solution of ammonia, 
boiling off the excess of ammonia, precipitating the free acid again by 
adding hydrochloric acid and washing the precipitate free from chlorine. 
The acid is of a canary-yellow color. It is insoluble in water, ether, 
petroleum ether, methyl alcohol and benzene. It is only slightly soluble 
in ethyl alcohol It did not melt when heated to 200 °. 

The stint \ alt ((NO.,),. C,. 1 1 .,( )C„ H u . COO Ag ) was prepared by precipita- 
tion by adding silver nitrate to a solution of the ammonium salt obtained 
as described above. It is of a canary-yellow color at ordinary tempera- 
ture, but darkens when heated to ioo°, but does not lose in weight. Analy- 
sis yielded 26 09 per cent, of silvei. Calculated, 26 27 per cent 

Only one other of the nitrophenyl ethers heretofore prepared has yielded 
a carboxylic acid by oxidizing the side chain with chromic acid in acetic 
acid solution. 

2,4-Dinitrophenyl Ether and Derivatives. 

(The experimental work of this chapter was carried out by Mr. Carl 
Englund, under my direction.) 

2,4~Dimtrophcnyl ether (C R H/)C ft H 3 (N 0 2 ) 2 ) was prepared by grinding 
up in a mortar equimolecular quantities of potassium phenolate and 

1,2,4-bromodinitrobenzene. A reaction began in the cold which 
was carried to completion by heating on a water bath. There resulted 
dinitrophenyl ether in the form of a brown oil and solid potassium bro- 
mide. The oil distilled without decomposition at 230-250° under a 
pressure of 27 mm. and solidified after standing for a short time. It 
was crystallized from hot alcohol several times and then melted sharply 
at 70°. The yield was quantitative. 

2 ,4-Dinitrophenyl ether is very soluble in alcohol and various other 
organic solvents and slightly soluble in water. It has a faint odor and a 



1292 


ORGANIC AND BIOLOGICAL. 


burning, biting taste. An analysis for nitrogen yielded the following 
results: Calculated for C 12 H 9 0 6 N 2 , io. 70 per cent; found, 10. 75 per cent 

Attempts to reduce the nitro groups with tin and hydrochloric acid were 
unsuccessful. The base decomposed immediately on exposure to the 
* air. 

Some of the 2,4-dinitrophenyl ether was heated with water ^at ioo 0 
for several hours in closed tubes with the idea of hydrolyzing the si^stance, 
but without effect. However, when heated under the same conditions 
with sodium hydroxide, chemical reaction had taken place. The tube was 
filled with ammonia gas and crystals of a foreign substance were de- 
posited on standing. On account of lack of time, however, they were 
not studied farther. 

2,4-Dinitrophcnyleth er sulphonic acid ((N 0 2 ) 2 .C (J H s 0 C h H 4 .S 0 «jH) was 
prepared by gently wanning 2,4-dinitrophenyl ether with concentrated 
sulphuric acid. It yielded a solution which was not precipitated by the 
addition of water. The excess of sulphuric acid was precipitated by the 
addition of barium chloride On evaporating the filtrate on the water 
bath, the sulphonic acid was obtained in the form of pearly white flakes. 
It is easily soluble in water and has a strong, bitter taste much like picric 
acid. 

The analysis for sulphur (though now lost) yielded results which corre- 
sponded with the requirements of theory. 

The barium salt (((NO 2 ) 2 C 0 H 8 OC e H 4 .SO 3 ) 2 Ba + 1 / 2 H 2 0 ) of the sulphonic 
acid was obtained by adding an excess of barium chloride to the solution 
of the sulphonic acid in dilute sulphuric acid, obtained as described above. 
On evaporating over the water bath, the barium salt of the sulphonic 
acid was obtained in the form of pearly flakes which do not melt without 
decomposition. It is difficultly soluble in cold water but readily soluble 
in hot water. On heating in the air bath to 200 °, it lost in weight corre- 
sponding to one-half molecule of water of crystallization. Two analyses 
for barium yielded 16.93 P er cent. and 16 86 per cent., respectively. 
Required by calculation, 16.85 P er cent. 

Several unsuccessful attempts were made to prepare other salts. Stron- 
tium carbonate, copper carbonate, and potassium carbonate were added 
to solutions of the pure sulphonic acid, and although effervescence took 
place in each case, no well defined salts were isolated. 

Trinitro phenyl ether , C 12 H 7 0 (N 0 2 ) 3 , was obtained by dissolving the 
dinitrophenyl ether in strong nitric acid. On pouring this mixture into 
water, there was precipitated a gummy mass, which solidified on rubbing 
up with cold water. It was crystallized from methyl alcohol and ob- 
tained in the form of warty masses and radiating clusters of yellow pris- 
matic crystals. Two analyses yielded 14.29 and 14.23 per cent., re- 
spectively, of nitrogen. Calculation requires 13.77 per cent. 
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THE STEREOMERIC AZOBENZENES. 

By Catherine V. Gortnrr and Ross Aiken Gortnbr 
R eceived June 10, 1910. 

Introduction. 

It is apparent from the structural formula of azobenzene that two 
stereomeric modifications should exist, one in which both aromatic nuclei 
are on the same side of the nitrogen bridge or .syn-azobenzene (I), and 
the other where the nuclei are opposite each other or anti- azobenzene 

(II): 

C fl Hr, — N C e H, - N 

II h 

C 6 H 5 -N N — C e H ft 

(I) (II) 

Although many such examples of syn and anti forms are known in the 
diazo compounds, 1 the authors are not aware of any such isomerism hav- 
ing been observed in the azo group. 

vSome years ago one of us had occasion to prepare azobenzene during a 
course in “organic preparations,” but could not by any means obtain a 
compound melting at 68°, the melting point of azobenzene as described 
in the literature. Crystals were, however, obtained which melted at 1 ‘about 
23 °,” as the notes were then recorded. It afterward seemed probable 
that this was the unknown stereomeric form and we have recently taken 
up the subject again, obtaining results which lead us to believe that such 
was the case. 

Experimental. 

The azobenzene was produced by the dry distillation of azoxybenzene 
and clean iron filings from a small non-tubulated retort. The azoxy- 
benzene was prepared according to the method of Lachman. 2 

Thirty grams of nitrobenzene were added to 250 cc. of methyl alcohol 
containing 40 grams of sodium hydroxide and the mixture heated durifrg 
three hours on an actively boiling water bath. The methyl alcohol was 
then distilled off and the residue poured into ice- water. The azoxy- 
benzene separated as an oil which soon became solid. This solid was 
well washed, melted with dilute hydrochloric acid to remove traces of 
ajxiline, washed free of acid, and recrystallized from 90 per cent, alco- 

* ftolleman, "Lehrb. d. Organ. Chem./* Leipzig, 1908, p. 362. 

* This Journal, 24, 1178 (1902). 
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hol. Prepared in this manner, azoxybenzene forms small straw-colored 
needles, which melt at 36° (cor.); yield, 15-18 grams. 

The azoxybenzene was dried on a porous plate and lastly at 1 ro° for 
four houis. It was then finely pulverized and mixed with twicents weight 
of clean, dry iron filings and the mixture distilled. The distillate, in 
every case, was a red liquid containing a crystalline substance. The red 
portion was easily soluble in ligroin, leaving a mass of light gray needles, 
insoluble in ligroin, soluble to a considerable extent in alcohol and ether, 
containing nitrogen and melting at 237 0 (cor.), yield, about 1 per cent, 
of the azoxybenzene taken. This substance was not further investi- 
gated. 

The deep red ligroin solution was thoroughly washed with cold dilute 
hydrochloric acid and then with water, filtered, and allowed to evaporate. 
In a number of instances preparations of azoxybenzene were obtained 
which yielded only ordinary azobenzene (m p. 68°) crystallizing in 
prisms (see fig.). In several cases, however, only a deep red liquid 



Crystals 


was obtained, which, for a long time, we despaired of obtaining 
pure, as with the small amount available, distillations always resulted in 
considerable decomposition. This same red liquid was, also, often* found 
in the mother liquors from which the 68° compound had crystallized. 1 
At last, however, crystals were noticed in one preparation, from which 
other preparations were easily seeded. The crystals so obtained were 
pressed out on a porous plate, dissolved in ether, and the ether allowed 

1 Gattermann ('‘Practical Methods of Organic Chemistry,” New York, 1903, p. 200) 
states that '‘if, on heating, a sudden but harmless explosion should occur, it is due to 
the fact that the substances were not dry; the experiment should be repeated.” The 
authors have found tliat if the distillation is continued ajier the explosion a small yield 
of the “red liquid” usually results which can be easily separated from the “tar” by 
solution in ligroin. In several instances we have obtained fair yields of 25° azoben j 
sene in this manner, but in no instance have we obtained the 68° modifications from 
the explosion residue. 
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to evaporate, the crystals again pressed out on a porous plate and the 
process repeated until the melting point remained constant. For analysis 
the product was dried in vacuo over concentrated sulphuric acid: 

0.1171 gram gave 15.2 cc. nitrogen at 16. 5 0 and 772 mm. Calculated for 
C„H„,N,: N, 15.38 per cent.; Found: N, 15.35 P er cent. 

This variety of azobenzene forms orange-red, stellate groups of needles 
(see fig.), is easily soluble in ether, ligroin, alcohol, acetone, methyl alco- 
hol, etc., and melts at 25 0 (cor.) to a deep red liquid. It will not crys- 
tallize when “seeded” with the 68° substance, but in two instances we 
have succeeded in quantitatively transforming the 25 0 substance into 
the 68° substance, once by boiling with dilute hydrochloric acid, and in 
the other instance the cause of conversion is unknown to us. We can 
give no method which will always insure conversion, nor have we been 
able to transform the 68° substance into the 25 0 modification. Accord- 
ing to Holleman, 1 the syn modifications are the least stable, so it seems 
probable that the new compound is syw-azobenzene. When a mixture 
of the two compounds occurs, the 68° isomer easily crystallizes out, leav- 
ing the 25 0 azobenzene practically free of the higher melting substance. 

Reduction of the 25° Azobenzene. — 1 . 75 grams of azobenzene melting at 
25 0 were dissolved in 60 cc. of 50 percent, alcohol and an excess of s&liiyn 
amalgam v^as' added. The reaction was allowed to proceed in the cold 
until all color had been discharged. The hydrazobenzene was precipi- 
tated from this solution by dilution, filtered off, and washed with 'dilute 
alcohol and then with water, dried at 100 °, and recrystallized from ligroin, 
yield 1.50 grams, or 83 per cent, of the theoretical yield, m. p. 126° 
(cor.). When this hydrazobenzene was allowed to oxidize in the air, in 
the presence of alkali, and the oxidation mixture extracted with ether, 
only the 68° azobenzene was found to be present. 

Summary. 

1. A second stereomeric azobenzene has been isolated. 

2. The new modification differs from the 68° isomer by melting at 
25 0 (cor.) and crystallizing in stellate groups of needles. 

3. From a mixture of the two isomers the 68° compound may be easily 
separated by crystallization, leaving the 25 0 isomer in the mother liquor. 

4. The 25 0 azobenzene (probably ryn-azobenzene) has been converted 
into the 68° isomer, but the reverse change has not been accomplished. 

Cold Spring Harbor, I,ong Island, N. V. 


1 Holleman, Loc. tit. 
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RESEARCHES ON QUINAZOLINES (TWENTY-FIFTH PAPER). THE 
SYNTHESIS OF 6- AND 7-AMINO-2-METHYL-4-QUINAZOLONES 
FROM 4- AND 5-ACETAMINOACETANTHRANILS. 1 


By Marston Taylor Bogrrt, Carl Gustavr Amend and Victor John Chambbks. 

Received August io, 1910. 

The 4- and 5-acetaminoacetanthranils were prepared from the cocre- 
sponding diaminotoluenes by acetylating, oxidizing the acetyl deriva- 
tives with potassium permanganate in neutral solution, and treating 
the diacetamino acids with excess of acetic anhydride: 

,NH,(2) yNIiCOCH a 


(4, or 5) H 2 N.C 6 I1 3 


Vt 


s CH,(i) 
CH.CONI1.C.H 


CH,C()NH.C,H 


X 1 

>X CH, 


'\ 


NIICOCH, 

COOH 


CH,CONH.C,H s : 


/ 


N.COCH, 


Vo 


The oxidation of the 2,5-diacetaminotoluene proved much more 
troublesome than that of the 2,4-isotner, and the yield of diacetamino acid 
considerably less. 

By condensing these anthranils with primary amines, 3 acetamino- 
4-quinazolones result: * 


CH i CONlI.C # lIgv 1 


^N.COCH, 


NH.COCH, 


+ RNH. - CH.CONH.C-H 


CO 


/ 
,Ns co. 


NHR 


/N-CCH, 

CH s CONH.C,H s < | + HjO. 

x CO.NR 


On splitting off the acetyl group, the free 6- or 7-aminoquinazolones 
ware obtained, from which in turn other derivatives were produced. 

The amines used in the experiments were ammonia, methyl, ethyl, 
normal propyl, secondary butyl and isoamyl amines, aniline, />-aijisidme, 
£-phenetidine, />-aminobenzonitrile, a-naphthylamine, hydrazine, phenyl- 
hydrazine, and 7-amino-2~methyl-4-quinazolone. Of these, the con- 
densation with the secondary butylamine (2-aminobutane), for some 
unknown reason, stopped at the amide stage. The other amines all 
gave quinazolones. 

Of the four possible Bz-monaminoquinazolines, the 5-amino deriva- 
tives have been described by Bogert and Chambers 8 and the 7-amino 


1 Read at the meeting of the New York Section, Jan. 7, 1910. 

* Anschfltz, Schmidt and Greiffenberg, Ber. f 35, 3480 (1902); Bogert, ei aL, This 
Journal, 37, 649, 1305, 1327; 38, 94, 884, 1449; 39, 82, 517, 729; etc. 

• This Journal, 38 , 208 (1906). 
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by Bogert and Klaber 1 and Bogert and Kropff. 2 Zacharias 3 prepared 
a. crude 8-amino-2-methyl-4-quinazolone, by reduction of the correspond- 
ing nitro compound, but failed to get the substance pure. 

The 6-amino derivatives described in the following pages are the first 
definitely shown to belong to this series. It seems likely that the amino- 
quinazolines prepared by Griess 4 and by Niementowski 5 carry the amino 
group at position 6, although this remains to be proven. The same is 
trde of the diaminoquinazoline of Niementowski,® where it is quite prob- 
able that the two amino groups are located at 6 and 8, although their 
position likewise has yet to be determined. 

On account of the greater expense of the 2,5-diaminotoluene, most 
of our experiments were carried out with the 2,4-isomer, and the ma- 
jority of the products are therefore 7-aminoquinazolines. 

Practically all of the new products are crystalline solids of high 
melting or decomposing points. Some of the quinazolines are 
soluble in boiling water. Most of them are more or less soluble in alcohol 
and insoluble or difficultly soluble in ether. Those carrying the 
— CO.NH — — C(OH) : N — grouping dissolve in cold caustic 

alkalies and are reprecipitated from these solutions on saturation with 
carbon dioxide, but this grouping is not affected by acylating agents* 
or by phenylhydrazine. 

With chloroform and alcoholic caustic alkali, both 6- and 7-amino- 
quinazolones give off a faint not unpleasant odor when heated. 

By the diazo reaction, the amino group can be replaced by other groups 
or, by diazotizing and combining with suitable couplers, azo dyestuffs 
may be produced. 

The acetaminoquinazolones can be directly nitrated or brominated. 

In former papers from this laboratory 7 we have shown that by con- 
densing acylanthranils with hydrazine hydrate, or with 3-aminoquin- 
azolones, 3,3'-diquinazolonyls may be obtained. We have now found 
that Bz-amino-4-quinazolones can be similarly condensed with acylan- 
thranils, and in this way have obtained a 3,7'-diquinazolonyl, where 
the union of the two heterocycles is an N-C instead of an N-N one : 


N 



2 Ibid., 31, 1071 (1909). 

* J. prakt. Chem (2) 43, 443 (1891). 

* Ber. t 2, 416 (1869). 

4 /. prakt. Chem. , (2) 51, 513 (1895). 

* Loc. cit . 

7 Bogert and Seil, This Journal, 28, 884, et al. 
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In our study of the properties of 2 -methyl- 7-ace tamino-3-amino- 
4-quinazolone, we were rather surprised to find that it failed to give the 
Biilow condensation 1 with diacetosuecinic ester. 

Experimental. 

/. Preparation of Anthranils. 

/CO(i) 

4- Acetammoacetanthranil, (4)CH 3 CONH . C h H 3 \ | . — The 

X N.COCH 3 (2) 

2 ,4-diamino toluene was changed to the diacetaminotoluene by the action 
of acetic anhydride. The following was found to be the most rapid and 
satisfactory method of carrying out the acetylation: 

Ten g. of the dry and finely pulverized diamine are added at once to 
about 20-25 g. pure acetic anhydride. An energetic reaction ensues, 
with considerable rise of temperature. As the reaction abates in violence, 
the rapidly thickening mass is stirred vigorously to insure complete con- 
tact with the anhydride. On cooling, the mass solidifies. The entire 
reaction is completed in a few minutes and without external heating. 
The product is washed thoroughly with water and then crystallized from 
the same, giving long, snowy, silky needles of the pure diacetamino- 
toluene. 2 From 30 g. pure diamine, we obtained 37.5-38.4 g. of the 
pure diacetyl derivative. 

For most of our work, however, we used a crude commercial toluylene- 
diamine, giving an acetylated product of darker color and in poorer yield. 
It was found unnecessary to purify this crude acetyl derivative, as the 
impurities were eliminated in the subsequent oxidation of the compound, 
and affected only the yield and not the purity of the oxidation product. 

The 2,4-diacetaminotoluene was oxidized to the 2,4-diacetamino- 
benzoic acid by the action of potassium permanganate in neutral solution. 3 
On the completion of the oxidation and concentration of the resulting 
solution of potassium diace taininobenzoate, some unchanged diacetamino- 
toluene first separates and should be removed. On acidifying the fil- 
trate, the acid precipitates in microcrystalline condition, sufficiently 
pure for the preparation of the acetanthranil. Starting with 20 g. of 
pure diacetaminotoluene, the yield of acid varied from 17.6-19.9 g. 
and half a gram of diacetaminotoluene was recovered unoxidizcd. With 
a like amount of the crude diacetaminotoluene, 2-3 g. remained un- 
oxidized, and 15-16 g. of the acid were obtained. 

In an attempt to nitrate this diacetaminobenzoic acid, it was treated 
with excess of fuming nitric acid at 35 °. Most of the diacetamino acid 
dissolved, and on diluting the solution with water reprecipitated ap- 

4 Ber., 39, 2621, 3372 (1907), et a l. 

1 Koch, Ann., 153, 132, 

* Ullmann and Uzbachian, Ber., 36, 1803 (1903)* 
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parently unchanged, for when washed with water and recrystallized 
from alcohol, fine, colorless needles resulted, of approximately the same 
melting point (261° cor.) and composition (found: N, 12.0; theory, 
11.86) as the original acid. 

Twenty to twenty-five g. acetic anhydride were heated to gentle 
boiling and 10 g. well-dried and finely pulverized diacetamino acid slowly 
stirred in, so that the solution remained fairly clear and gentle boiling 
continued. In this way, bumping is avoided. When the acid had all 
been added, the solution was concentrated to about half its original 
volume, and on cooling the mass solidified in rosettes of pale yellowish 
or colorless needles of the anthranil. Yield, somewhat over eight grams. 
Purified by crystallization from acetic anhydride, it forms colorless needles, 
m. p. 220° (cor.). 

Found: N, 13.04. Calculated for C u H 10 O a N a : N, 12.90. 

It is slightly tribo-electric. In presence of moisture, it is hydrated 
to the diacetamino acid. Heated with primary amines, it yields 7-acet- 
amino-2-methyl-4-quinazolones. 

2,5-Diacetaminobenzoic Acid , (2,5) (CH 3 CONH) 2 C e H 3 .COOH. — 2,5-Di- 
acetaminotoluene 1 was prepared by adding the diaminotoluene hydro- 
chloride to a solution of fused sodium acetate in acetic anhydride, the 
temperature of the solution being maintained above the boiling point 
of acetic acid, then boiling the solution for a few minutes. When .cold, 
the mixture was diluted with water and the precipitated acetyl deriva- 
tive recrystallized from water, in which it is much more soluble than 
the 2,4-isomer. Yield, 21 g. acetyl derivative from 30 g. of the diamine 
hydrochloride. 

This acetyl derivative was oxidized with potassium permanganate 
in presence of magnesium sulphate. It is much more difficult to oxi- 
dize than the 2,4-isomer. From 10 g. of the diacetaminotoluene and 
30 g. potassium permanganate (double the calculated amount), but 4 
g. of the acid were obtained. A further increase in the amount of per- 
manganate failed to increase the yield of acid. The acid precipitates 
usually in an amorphous state, but assumes a crystalline condition on 
standing. Treated with bone-black and recrystallized from alcohol, 
it forms minute, colorless crystals, melting with decomposition at 262° 
(cor.). 

Found: N, 11.97. Calculated for C u H„0 4 N a : N, 11.86. 

It is soluble in strong mineral acids and in aqueous solutions of caustic 
or carbonated alkalies, but is insoluble in dilute hydrochloric or in acetic 
acid. It dissolves also in nitrobenzene, aniline, or alcohol, but is not 
appreciably soluble in ether, carbon tetrachloride, ligroin or benzene. 

1 Nietzki, Ber., io, U57 (1877); 12, 2237 (1879). 
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/ C °(I) 

5- Acetaminoacetanthranil, (5 ) CH 3 CONH . C 6 H 3 <f | . — Five 

X N.COCH,(2) 

grams of the diacetamino acid were added to 10 g. hot acetic anhydride 
and the solution boiled down to one-third its original bulk. On cooling, 
the anthranil separated in coarse, yellowish-brown needles, which, re- 
crystallized twice from acetic anhydride, still retained a faint yellowish- 
brown cast and melted at 253 0 (cor.). Yield, 3.5 g. anthranil from 5 g. 
acid. 


Found: N, 1302. Calculated for C n H 10 O s N 2 : N, 12.90. 

Like its isomer, this anthranil readily takes up moisture and reverts 
to the diacetamino acid. With primary amines, it yields 6-acetamino- 
2-methyl-4-quinazolones. 

11 , Quinazolones from 4- A cetaminoacet anthranil. 


With the exception of the first compound, all the following quinazolines 
carrying the - -CO.NH— 7^ — C(OH) : N — group are, for the sake 
of brevity, denominated quinazolones and given the — CO.NH — formula. 

7 - Ac('tamino-2-mcthyl~4~quinazohme (7 - A cciammo-2-methyl-4 -hydroxy- 
qmnazoline ) , 


ch s conh x/N/ n v ^ 

I 

Nil 



CH, 


CH.CONH 





CH* 


OH 


Eight g 4-ace taminoacetanthranil were added to 50 cc. dilute ammo- 
nium hydroxide solution (10 cc. ammonium hydroxide solution of sp. gr. 
0,9 to 40 cc. Avater) and the mixture heated a few minutes. The thick 
paste resulting was diluted with water to about 400 cc. and boiled for 
several minutes. Part dissolved and part separated (with more ammonia, 
a clear solution can be obtained, but the excess of ammonia must then 
be boiled off, or the separation of the product is not so complete). On 
cooling, the quinazolone separated form the solution in fine, short, silky, 
colorless needles, softening in the neighborhood of 342 0 and melting 
at 344 0 (cor.). Yield, 5.5 g. 


Found: N, 19.53. Calculated for C n H n O t N a : N:H, 0 , 19.35. 

It is easily soluble in boiling water or in alcohol, slightly soluble in 
ethyl acetate, very difficultly soluble or insoluble in ether, carbon tetra- 
chloride or toluene. 

From water it crystallizes with water of crystallization: 1.0363 g. 
air-dried sample lost 0.15 g. on drying to constant weight at 100-10°. 

Found: H t O, 14.46. Calculated for C n H n O a N a . 2*3*0: H g 0 , 14.23. 

y-Amino-2-m€ihyl-4-quinazolone > — Five and one-half g. of the above 
acetyl derivative were boiled for about an hour with dilute potassium 
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hydroxide solution (5 g. KOH to 50 cc. water), the solution cooled, di- 
luted, filtered, and the filtrate saturated with carbon dioxide. The 
aminoquinazolone separated in fine, silky, colorless hairs, rapidly assum- 
ing a faint pinkish cast on standing. It can be further purified by re- 
crystallization from dilute alcohol. From water it crystallizes with 
half a molecule of water of crystallization : 

Found: H a O, 4.8. Calculated for (C B H fl ON 3 ) 2 H a O : H, 0 , 4.9. 

The anhydrous compound melts at 31 1° (cor.). 

Found: C, 61.7 and 61.8; H, 5.1 and 5.2. Calculated for C^H^ON,: C, 61.7; 
H, 5 1. 

The substance is therefore identical with the 7-amino-2-methyl-4-quin- 
azolone prepared by Bogert and Klaber 1 by reduction of the correspond- 
ing nitro compound. 

It is tribo-electric, and gradually darkens on standing in the air. It 
is readily soluble in hot acetone, very slightly soluble in hot benzene, 
and apparently insoluble in ligroin. Boiled with alcoholic potassium 
hydroxide solution and chloroform, it emits an odor, presumably of 
an isonitrile, and yet of a rather pleasant banana-like character. 

Bogert and Seil 2 found that when 5-nitro-2-methyl-3-amino-4 : quiaazo- 
lone was heated with phenylhydrazine, the 3-amino group was replaced 
by the phenylhydrazino group and the CO of the quinazolone reacted 
with a second molecule of the hydrazine, the result being a phenylhy- 
drazinophenylhydrazone. A similar reaction did not occur when the 
above 7~amino-2-methyl-4-quinazolone and phenylhydrazine were healed 
together, alone or in alcoholic solution. No ammonia was evolved and 
the original quinazolone was recovered unaltered. It seems strange 
that the Bz-amino group failed to react, as an aromatic amino group 
can thus often be replaced directly by the phenylhydrazino group. 

When the aminoquinazolone was boiled with formaldehyde and potas- 
sium cyanide, a reaction took place, but we failed to isolate any new prod- 
ucts from the mixture. No change occurred when the aminoquinazolone 
was boiled with ethyl chloroacetate. 

Azo dyestuffs can readily be produced from this amine by the usual 
diazotizing and coupling reactions. 

Potassium Salt.— Square, colorless plates, easily soluble in cold water, 
but slightly soluble in alcohol. 

Hydrochloride — Prepared by the action of strong hydrochloric acid 
upon the free base or upon its ethyl Acetate solution. Light brown, 
granular powder, decomposing on heating. 

Chloroplatinate — Red, granular crystals. 

Found: Pt, 25.6. Calculated for (C v H l0 ON*) a PtCl tt : Pt, 25.6. 

1 This Journal, 30, 810 (1908). 

55 Ibid., 28, 88 (1906). 
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Dinitro-7~acetamino-2-methyl-4-quinazolone. — The acetaminoquinazo- 
lone was added to a slight excess of fuming nitric acid at room tempera- 
ture. It dissolved in the acid with a hissing sound and rise of tempera- 
ture, and the solution finally set to a solid mass. Water was added and 
the temperature raised to boiling. During the boiling some decompo- 
sition was indicated by an escape of carbon dioxide. The solution on 
cooling deposited the nitro compound as a dark orange, sandy precipitate. 
After several recrystallizations from dilute acetic acid, it was obtained 
in orange, sandy crystals, melting with decomposition at about 302 0< 
(cor.). Yield, very poor. 

Found. N, 22.9. Calculated for C„H„0„N 5 : N, 22.8 

It is soluble in boiling water, very slightly soluble in boiling alcohol, 
in ether or in nitrobenzene. In aqueous caustic alkalies, it dissolves 
to a dark orange solution, from which it is precipitated slowly by satura- 
tion with carbon dioxide, more rapidly by acidification with acetic acid. 
The positions of the nitro groups were not determined, but it seems most 
likely that they are 6 and 8. 

ttronw-y-tifitamnio 2 nuthyl-4-quinazoloiH'. - The acetaminoquinazo- 
lone was suspended in dilute (50 per cent.) acetic acid and the mixture 
warmed Bromine was then added carefully to the warm solution. 
The reaction was vigorous, hydrobromic acid being evolved and the 
quinazolone dissolved. Soon thereafter the bromoquinazolone began 
crystallizing from the hot solution in minute needles. The solution 
was cooled, water added, the precipitate filtered out, washed, and re- 
crystallized from dilute acetic acid or from a mixture of alcohol and acetic 
acid, in both of which it is rather difficultly soluble. It was thus obtained 
in minute needles, practically colorless, which began to darken at about 
287° (cor.) and melted at 292° (cor.). 

Found: N, 14 1; Hr, 27.75. Calculated for C n H 10 O 2 N,Br: N, 14.2, Hr, 27.05. 

It is difficultly soluble in boiling alcohol. The use of a large excess 
of bromine in the above method of preparation gave the same product. 

Bronw-j'-am'ino-2-mcthyl-4-quiniizolone. — The acetyl derivative just 
described was boiled for about an hour with ten per cent, potassium hy- 
droxide solution, the solution cooled, diluted, filtered, and the filtrate 
saturated with carbon dioxide. The light yellow flocculent precipitate 
wdiich separated was washed with water and purified by two crystalliza- 
tions from alcohol. Light yellow flaky crystals were obtained, melting 
at 2 72-3 0 (cor.). 

Found; N, 16.55. Calculated for C e H 8 ON 3 Br: N, 16.53. 

The substance is tribo-electric. It is moderately soluble in cold alco- 
hol, easily in hot. It also dissolves in hot water, in warm nitrobenzene 
or isoamyl alcohol, but is apparently insoluble in ether, carbon tetra- 
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chloride or chloroform. The position of the bromine was not deter- 
mined. Probably it is at 6. 

r 1 

7-Formamino-2-methyl-4-quin(izolone f HC 0 NH.C ft H 8 .C 0 .NH.C(CH 3 ) : N. 
— 7-Amino-2-methyl-4-quinazolone was boiled for four hours with excess 
of glacial formic acid, the excess of acid distilled off, the residual solu- 
tion diluted, precipitated with sodium carbonate, and the precipitate 
crystallized from water. Colorless feathery crystals resulted, darkening 
at about 300°, softening in the neighborhood of 335 °, and melting finally 
at 339-40° (cor.). 

Found: N, 20.46. Calculated for C, 0 H 9 O 8 N a : N, 20.69. 

On standing a few days with ammoniacal silver nitrate solution to 
which a little sodium hydroxide has been added, it gives a silver mirror. 

7-Propionamino-2-methyl-4-qmnazolone , prepared in similar fashion, 
from the aminoquinazolone and propionic anhydride, crystallizes from 
water in long, white, silky needles, softening at about 317 20°, and melt- 
ing at 326-7° (cor.). 

Found: N, 18.48. Calculated for C w H 13 O t N*: N, 18.18. * 

It is tribo-electric and rather difficultly soluble in water or alcohol.* 
In the latter solvent, it is much less soluble than the free aminoquinazo- 
lone. In hot, dilute organic acids, it is moderately soluble. 

7 -Hydroxy- 2 -methyl- 4 -qui 7 iazolcnie , HO.C fi H 3 .CO.NH.C(CH 3 ) : N. — The 
7-amino-2-methyl-4-quinazolone was -dissolved in dilute hydrochloric 
acid and treated at o° with the calculated amount of sodium nitrite in 
aqueous solution. Upon completion of the reaction, the mixture was 
diluted with water and boiled. Nitrogen was evolved freely and the 
color of the solution changed from yellow to orange. When the evolu- 
tion of nitrogen ceased, the solution was allowed to cool. A small amount 
of flaky precipitate separated, but without removing this the mixture 
was neutralized with sodium carbonate. A voluminous yellow precipi- 
tate resulted. As we failed to get good crystals of this from any of the 
ordinary solvents, it was treated with moderately strong hydrochloric 
acid, which dissolved the greater part of it. The insoluble, dark orange 
portion was filtered out, and the filtrate neutralized with sodium car- 
bonate. The light brown precipitate thus produced was again dissolved 
in hydrochloric acid, the solution filtered, and the filtrate reprecipitated 
with sodium carbonate. It was then dissolved in caustic alkali, yield- 
ing a red solution, reprecipitated with acetic acid, and dried. As thus 
purified, it formed a light brown powder, beginning to darken at about 
345 0 , but not melting at that temperature. 

Found: N, 16.28. Calculated for C*H* 0 9 N s : N, 15.91. 
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It dissolves in hot alcohol or hot dilute acetic acid, but does not crys- 
tallize well from either solvent. It is soluble to a red solution in potassium 
hydroxide, and is reprecipitated from this solution by acetic acid but 
not by carbon dioxide. It is insoluble in ether, chloroform, carbon tetra- 
chloride, benzene, toluene or acetone, but dissolves in hot isoamyl alco- 
hol, aniline or nitrobenzene. 

That portion of the original reaction product which was insoluble in 
the hydrochloric acid and dark orange in color, dissolved in potassium 
hydroxide solution with a red color, and when reprecipitated with hydro- 
chloric acid came down in a gelatinous, colloidal condition which could 
not be further purified because of the small amount of material avail- 
able. 

r 1 

j-Acctoxy- 2 -methyl’ 4 -qmnazolone, CHj,COO.C t$ H 3 .CO.NH.C(CH 3 ) : N. — 
On boiling the above 7-hydroxyquinazolone for an hour with excess 
of acetic anhydride, a reddish brown solution was obtained. This was 
cooled, diluted, and neutralized with sodium carbonate, giving a fine 
light brown precipitate which, on crystallization from alcohol, appeared 
in large pale brownish needles, softening at about 262° and melting at 
266° (cor.). 

Found: C, 60 53; 11,4.83; N, 13.06. 

Calculated for C n H l0 O a N a : C, 60,55; H, 4.60; N, 12.84. 

! 

7-Cyano-2-methyi-4-quinazolone> NC.C 6 H 3 .CO.NH.C(CH 8 ) : N. — The 7- 
amino-2-methyl-4-quinazolone was diazotized and boiled with copper 
potassium cyanide solution. The precipitate was filtered out, washed 
with water, dried and extracted with carbon tetrachloride, to free it 
from metallic cyanides. On evaporating the carbon tetrachloride, a 
colorless crystalline mass remained, which was further purified by two 
crystallizations from alcohol, and then appeared in colorless feathery 
needles, melting at about 303-4° (cor.), and not volatile with steam. 
Found: N, 22 . o. Calculated for C 10 H 7 ON S : N, 22.6. 

The unsatisfactory character of this analytical result is due partly 
to the fact that the yield of product in the above reaction is very small 
and we did not have sufficient to run a good analysis. From 5 g. of 
the amino compound, the yield of pure cyaho compound was only 0.1 g. 
This was particularly disappointing, as we had hoped to obtain sufficient 
to saponify to the corresponding acid, for the latter has already been 
described in a previous paper from this laboratory. 1 

y-Acetamino-2 t 3~dimeihyl-4~quinazolone > 

1 r 

CH a CONH.C 6 H 8 ,CO.N(CHj).C(CH 8 ) : N, was prepared from 4-acetamino 
acetanthranil in essentially the same manner as the monomethyl com- 
1 Bogert, Wiggin and Sinclair, This Journal, 87 (1907)* 
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pound, using mettaylamine instead of ammonia. Recrystallized from 
alcohol, it forms colorless silky needles, melting at 284° (cor.). 

Found: N, 18.5. Calculated for C 13 H 13 O a N s : N, 18.2. 

It is soluble in hot water or in alcohol, slightly soluble in acetone, 
insoluble in ether, carbon tetrachloride or ligroin. 

7-Amino-2 t 3~dimcthyl-4-quinazolone. — The above acetyl derivative was 
heated for about an hour with 10 per cent, potassium hydtoxide solu- 
tion in excess, the solution filtered hot, and the filtrate allowed to cool. 

The free base separated as the filtrate cooled in rosettes of fine color- 
less silky needles (or short heavy prisms, if the cooling occurred very 
slowly), which darkened on exposure to the air, and on recrystallization 
from water melted at 224° (cor.). 

Found: N, 22.36. Calculated for C 10 H U ON S : N, 22.22. 

The substance is easily soluble in warm water, alcohol or benzene, 
slightly soluble in chloroform, insoluble in ether or ligroin. On attempt- 
ing, by means of the diazo reaction, to replace the amino group by an 

OH, the yield of product was so small that the effort was abandoned. 

Chloroplatinate . — Red crystals. 

Found: Ft, 24.6. Calculated for (C l0 H 11 ON 3 ) 2 PtCl # : Ft, 24.7. # 

7-Acetamiiw-2-methyl~3-ethyl-4-quinazolone. — 4-Acetaminoacet anthranil 
was heated with an aqueous ethylamine solution. The anthranil dis- 
solved and, on cooling, the quinazolone separated in colorless, glistening, 
pearly plates. Recrystallized from alcohol, it formed short colorless 
needles, melting at 254 0 (cor.). 

Found: N, 1707. Calculated for C 13 H IA 0 8 N 3 . N, 17.14. 

It crystallizes from water in clusters of long, colorless, silky needles, 
slightly soluble in cold, readily in warm alcohol. 

7-Acetomino-2-methyl-3~ti-propyl‘4-qmnazolone. — 4-Acetaminoa cetan- 
thranil was added to the n-propylamine diluted with a little water, and 
the mixture heated. The anthranil dissolved and, on cooling, the quin- 
azolone precipitated in colorless, silky needles. Recrystallized from 
water, rosettes of needles were obtained, melting at 206-7° (cor.). 

Found: N, 16.46. Calculated for C 14 H l7 0 ,N 3 : N, 16.22. 

2,4-Diacetamirw-sec.butylbenzamide , (2,4) (CH 3 CONH) 2 C e H s CONHC 4 H Q . 

— No condensation could be effected with the anthranil and a dilute 
aqueous solution of secondary butylamine (2-aminobutane), but when 
the anthranil was boiled with the pure amine, colorless needles separated 
from the solution on cooling. These needles were purified by repeated 
crystallization from dilute alcohol, giving finally a m. p. of 235° (cor.). 
Dried at 1 00-20°, the substance was analyzed with the following result: 

Found: N, 14.61. Calculated for the quinazolone (C |5 H w 0 4 N 3 ): N, 15.38; for 
the intermediate amide (C 15 H #1 0 8 N s ): N, 14.43. . 

The product is thus apparently the amide and not the expected quin* 
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azolone. It forms short, colorless needles. Boiled with water, these 
crystals dissolve, but do not separate again as the solution cools. Treated 
with potassium hydroxide solution, acetanthranilic acid results and not 
the quinazolone. 

j-Acetamhw-2-mcthyl-3’isoamyl-4-quinazolonc. — When 4-acetaminoacet- 
anthranil was heated with a dilute aqueous solution of isoamylamine, 
no quinazolone was obtained. The anthranil was therefore added di- 
rectly to the pure undiluted amine and the mixture heated. The an- 
thranil dissolved, but nothing separated from the solution on cooling. 
It was then diluted and heated, and on cooling the quinazolone sepa- 
rated as a white, flaky precipitate. Recrystallized repeatedly from 
dilute alcohol, it was obtained in rosettes of colorless, silky, feathery 
needles, melting at 288° (cor), soluble in alcohol, difficultly soluble in 
cold water, moderately soluble in hot. 

Found: N, 1476. Calculated for C |f ,H 31 0 2 N. { N, 1463 

j-Aciinmino-2-meihyl-3-phcnyl‘4-quin(izolone was obtained by heating 
the anthranil and aniline together. Recrystallized from alcohol, it formed 
minute, colorless, pearly octahedra, melting at 27O 0 (cor.). 

Found: N, 1424. Calculated for C 17 H r ,0 2 N 8 . N, 1433. 

It is apparently insoluble in ether, chloroform, acetone or water; very 
slightly soluble in hot carbon tetrachloride; but dissolves readily in hot 
alcohol or nitrobenzene. 

7-Acetanuno-2-methyl-3-p-Qnisyl-4~quinazolont'. — 1 .00 g. of 4-acetamino- 
aeetanthranil and 0.61 g. />-anisidine were intimately mixed and the 
mixture heated. At 55 0 it formed a thick paste, gradually growing 
more fluid up to 90 0 when the mass solidified The temperature was 
then raised to joo° and the salmon-colored mass, after a short heating 
at this temperature, allowed to cool. Crystallized from dilute alcohol, 
flesh-colored, glistening octahedra were obtained, melting at 273 0 (cor.), 
easily soluble in hot alcohol, apparently insoluble in w ? ater, ether or 
chloroform. 

Found. N, 13.2. Calculated for C ls H J7 0 3 N 3 : N, 13.0. 

7 - A ceta mino-2- methyl - 3-p-ph enctyl -4-qu ina zolonc. — o. 7 g. /?-phenetidine 
was dissolved in dilute alcohol, 1 g. 4-acetaminoacetanthranil added, 
and the temperature raised to boiling. No condensation took place. 
But when the two substances were heated together dry at 95 °, in the 
same proportion, the mixture first liquefied, then solidified (at about 8o°). 
The crude product on crystallization from dilute alcohol gave clusters 
of fine short needles, of a slight pinkish cast, and melting at 259 0 (cor.). 

Found: €,67.50; H, 5.88; N, 12.66. Calculated for C l# H 10 O,N a : C, 67.66; H, 
5.64; N, 1246. 

It is difficultly soluble in hot water or in carbon tetrachloride, insoluble 
in ether, but dissolves in boiling benzene, and is easily soluble in warm 
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chloroform, ethyl or isoamyl alcohol. The structure of this compound 
recalls rather remotely that of phenacetine, but its physiological prop- 
erties have not been studied. 

4- A cetaminoacetanthranil and p-A minobenzonitrile. — 2.18 g. of the 
anthranil were heated with 1.18 g. of the nitrile. At 85° the mixture 
formed a thick paste, which became thinner as the temperature rose. 
At 140 0 the heating was interrupted and the melt allowed to cool. When 
the crude product was crystallized from dilute alcohol, rosettes of pale 
yellowish, downy needles were obtained, very strongly tribo-electric 
and softening at about 240 °. „ Recrystallized until colorless, these needles 
melted at 258° (cor.) with decomposition. 

Found: N, 13.36. Calculated for the quinazolone (C, g H 14 0 ,N 4 ): N, 17.61. 

The product is evidently not the quinazolone. Dried three hours 
at 130-60° and again analyzed, the nitrogen percentage was found to 
be 13.41, i. e. t practically unchanged. 

The substance is soluble in alcohol, insoluble in water. In dilute alco- 
hol, it gives an opalescent solution. Boiled with dilute (10 per cent.) 
potassium hydroxide solution, it dissolves with copious evolution of 
ammonia, but no precipitate results when the solution is acidified with 
acetic or hydrochloric acid. Attempts to prepare an acetyl derivative 
were unsuccessful. 

In another experiment, the constituents were heated to a somewhat 
higher temperature (170°), but the product showed the same melting 
point (258° cor.) and approximately the same nitrogen percenthge 
(found, 12.96 per cent.). 

j-Acetamino-2-methyl-3-<x-naphthyl~4-quinazolone. — 1.09 g. 4-acetamino 
acetanthranil and 0.715 g. a-naphthylamine were heated together. The 
mixture became pasty at about 50°, quite fluid at 80-100°, thickening 
again at 120° The heating was carried to 150° and the melt then al- 
lowed to cool. When cold it was brittle and highly tribo-electric. Treated 
with cold chloroform, it dissolved and then light-colored flakes gradually 
separated. On warming, this precipitate increased. It was filtered 
from the warm solution, washed with ether and dried. The product 
is a pale gray powder, melting at 256° (cor.). 

Found: N, 12.05. Calculated for C^HjrOjN*: N, 12.24. 

It appears to be less soluble in hot than in cold chloroform. It is solu- 
ble also in methyl or ethyl alcohol, or in glacial acetic add, but insoluble 
in ether. 

7 ~ Acetamino- 2-methyl- 3-amino- 4-quinazolone . — On mixing 4-aetaomino- 
acetanthraml and hydrazine hydrate in equimolecular proportion and 
heating the mixture to boiling, the anthranil dissolved, and soon there 
separated from the boiling solution fine, colorless, glistening needles 
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which, when recrystallized from 95 per cent, alcohol, carry a molecule 
of water of crystallization, the anhydrous base melting at 268° (cor.). 

Found: H a O, 7.31. Calculated for C n H l2 0 2 N 4 .H 2 0 : H a O, 7.2 
Found: N, 24.38. Calculated for C^H^C^N*: N, 24.14. 

The water of crystallization is not easily driven out at no 0 , but can 
be removed by drying at 125-30°. The anhydrous base is practically 
insoluble in ether, benzene, water or cold alcohol ; difficultly soluble in 
chloroform; moderately soluble in hot, dilute alcohol; easily soluble in 
warm nitrobenzene. 

When an equimolecular mixture of the above quinazolone and diaceto- 
succinic ester, dissolved in glacial acetic add, was boiled for an hour, 
no condensation occurred. When a little acetic anhydride was added to 
the glacial acetic acid solution, the only effect was acetylation of the amino 
group. The two substances were therefore fused together without sol- 
vent. A brown paste resulted at about 210°, considerable acetic acid 
being evolved during the fusion. When cold, the mass was pulverized, 
and the tan-colored product crystallized thrice from alcohol, giving 
short, tan-colored needles, melting at 253-4° (cor.) which, on further 
purification, proved to be only the unchanged quinazolone. The re- 
action therefore involved only the breaking down of the diacetosuccinic 
ester and no condensation to a pyrrole derivative. We had expected, 
from the investigations of Billow 1 and our own experience with — N — NH 2 
quinazolones, to get the pyrrole compound. 

Hydrochloride . — The aminoacetaminoquinazolone was suspended in 
ether and the solvent saturated with dry hydrogen chloride. The free 
base was thus changed to the hydrochloride and remained insoluble in 
the ether. It was filtered out, washed with ether, and dried in vacuc 
over potassium hydroxide. 

Found: N, 19.65. Calculated for 2C u H ia O a N 4 .3HCl: N, 19.53. 

Short, colorless needles, darkening somewhat at about 305 °, and melt- 
ing with vigorous decomposition at 31 2 0 (cor.). 

When the aminoquinazolone was dissolved in 95 per cent, alcohol 
and the solution saturated with dry hydrogen chloride, no hydrochloride 
was formed, the unchanged quinazolone itself precipitating. 

2>4~Diacetaminobenzohydrazide t (2,4)(CH s CONH) 2 C e H s CONHNH a . — In 
the interaction of the acetaminoacetanthranil and hydrazine hydrate 
(in 50 per cent, aqueous solution), if the anthranil is added to the hy- 
drazine hydrate solution without heating, it remains in suspension for 
a few seconds, then heat is evolved and finally a snowy pasty mass is 
formed made of fine short needles. If water be now added and the mix- 
ture boiled, the aminoacetaminoquinazolone described above is formed. 

1 B*. t 39, 2621, 337a (1906), etc. 
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If, on the other hand, these first crystals be filtered out, recrystallized 
from alcohol, and dried at 8o°, the hydrazide is the product. 

Found: N, 22.43. Calculated for C n H H 0 3 N 4 : N, 22.4. 

Dried six hours at 1 20-40 °, no loss of weight occurred and no important 
change in the nitrogen percentage (found, 22.55 per cent, nitrogen). 
The crystals melt at the same point as the 7-acetamino-2-methyl-3-amino* 
4-quinazolone, probably passing into this by loss of water at higher tem- 
peratures. 

3,j-Diacetamino-2-methyl-4-quin<izolone , prepared from the aminoacet- 
aminoquinazolone by the action of acetic anhydride, crystallizes from 
water with water of crystallization. These hydrated crystals melt down 
at ioo°. From alcohol, it crystallizes in minute, colorless crystals, 
melting at 304 0 (cor.). 

Found: N, 20 34 and 2044. Calculated for C ia H 14 O t N 4 : N, 20.44. 

Excess of acetic anhydride causes no further acetylation. 

5,7 - Diamino-2-methyl-4-qiiiniizolone. — 7-Acetamino-2-rnethyl-3~amino- 
4-quinazolone was boiled for half an hour with dilute (10 per cent.) potas- 
sium hydroxide solution. On cooling, colorless, silky needles were de- 
posited in clusters in such amount that the whole mass solidified, jfhese 
crystals were washed with water and recrystallized from dilute alcohol, 
melting then at 238° (cor.). 

Found: N, 29.7. Calculated for ON/ N, 29 5 

7- A cetammo- 2 -methyl - 3-amIino-4-qwnazo!onc , 

CH 3 CONH.C ft H 3 .CO.N(NHC fl H.) .C(CH 3 ) : N. * - 4 - Acetaminoacetanthranil 
was added to an equimolecular amount of phenylhydrazine in alcoholic 
solution and the mixture heated to boiling. A clear yellow solution re- 
sulted which gradually changed to dark red on continuing the heating. 
After a half hour’s boiling, the solution was concentrated and allowed to 
cool. Nodules of fine yellow needles were deposited. After several recrys- 
tallizations from alcohol, they appeared as colorless, feathery needles, 
softening at about 208°, and melting at 214 0 (cor.). 

Found: N, 18.4. Calculated for C 17 H 1(V 0 2 N 4 : N, 18.2. 

The substance is soluble in hot water, benzene, chloroform, acetone, 
ethyl or isoamyl alcohol, or in nitrobenzene, less readily in ether or in 
carbon tetrachloride. 

When the anthranil was added to a slight excess of pure and undiluted 
phenylhydrazine and the mixture gently warmed, the anthranil dissolved 
and the reaction proceeded with violent ebullition even when the source 
of external heating was immediately removed at the beginning of the 
reaction. It is likely that deeper-seated changes accompanied this re- 
action, as we failed to isolate any of the above anilino derivative among 
the products. 
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j- A cetamino- 2-methyl- j : 7'- [2’-niethyl-4 f -qmnazolone}-4-qmnazolone, 


CH.CONH 



!i 

O 

7»Amino-2-niethyl-4-quinazolone and 4-ace taminoacetanthranil, in 
equimolecular proportion, were intimately mixed and the mixture heated 
gradually to 250°. The melt on cooling formed a brown, porous, brittle 
mass, giving a yellow powder when pulverized. This powder was dis- 
solved in alcohol, the solution treated with bone-black twice, and the fil- 
trate then concentrated. Short, thick, light yellow needles crystallized 
out, darkening at about 330° and melting at 335 0 (cor.). 


Found. C, 63.86; H, 4.86; X, 18.61. Calculated for C 3a H i: O s N v C, 6400; H, 
4.53; N, 18.67. 

The compound dissolves in boiling water, in alcohol or in nitrobenzene. 
It is very slightly soluble in carbon tetiachloride, benzene, ligroin or 
ether, but somewhat soluble in acetone. It dissohes also in potassium 
hydroxide solutions and is reprecipitated therefrom by saturation with 
carbon dioxide. The alcoholic solution of the substance shows a greenish 
fluorescence. 


III. Quimizoloncs from 5-Acctaminoaceianihrantl. 

t )-Acetamino-2-methyl-4-quinazolone , prepared from the 5-acetamino 
acetanthranil and ammonia, is much less readily soluble in alcohol than 
the 7-acetamino isomer. It crystallizes from this solvent in clusters 
of small, coarse, colorless needles or prisms, melting at 350° (cor.). 

Found: N, 19.33. Calculated for C N, 19 35. 

6- Amino- 2-methyl-4-quinazolo < nc. — The acetyl derivative was boiled 
with excess of 10 per cent, potassium hydroxide solution, and the solu- 
tion then precipitated by carbon dioxide. The precipitate crystallized 
from water in rosettes of long, colorless, highly refracting needles, which 
began to darken in the neighborhood of 30c; 0 , softened somewhat at about 
304°, and melted finally at 314-5° (cor.). 

Found: N, 23.92. Calculated for C B H e ON 3 : X, 24.0. 

At 70-80°, the crystals lose their luster, although they do not carry 
any water of crystallization. The compound tends to darken on stand- 
ing. It is insoluble or difficultly soluble in ether, ligroin, chloroform 
or benzene, but dissolves in ethyl or isoamyl alcohol, acetone or nitro- 
benzene. 

6 - Ajcetamiiw-2 ,3-dimethyl - 4 - quinazolone . — 5 - Acetaminoacetanthranil 
was added to a dilute aqueous solution of methylamine and the mixture 
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heated. The anthranil first dissolved and then the quinazolone sepa- 
rated from the hot solution in colorless, silky needles, soluble in alcohol, 
and melting at 278° (cor.). 

Found: N, 18.22. Calculated for C ia H l3 0 ,N 8 : N, 18.18. 

6-Acetamino-2~methyl-3-e1hyl-4-quinazolone was prepared similarly, using 
ethylamine instead of methylamine. When the anthranil and ethyl- 
amine were heated together (the latter being used in aqueous solution), 
a clear solution was obtained, from which nothing separated on further 
heating or on cooling. A small amount of potassium hydroxide was 
added, the solution again boiled, and on long standing the quinazolone 
finely separated in long, colorless, silky needles which, after recrystalli- 
zation from water, melted at 229 0 (cor.). 

Found: N, 17.43. Calculated for C ts H ia O a N a : N, 17.14. 

The crystals are highly refracting, and dissolve in hot water or in alco- 
hol. 

6- Acetamino- 2-methyl- 3~n-propyl-4-quiriazolone t from the anthranil and 
n-propylamine, crystallizes from water in long, colorless, silky needles, 
melting at 18 1° (cor.). 

Found: N, 16.45. Calculated for C, 4 H 17 O t N,: N, 16.22. 

6-Acetammo-2-mcthyl-3-phenyl-4-qui?uizolone . — The anthranil and / pu^e 
aniline were heated together at no°, and the product purified by re- 
peated crystallization from dilute alcohol. It forms brownish plates, 
melting at 255 0 (cor.), very difficultly soluble in boiling water, readily 
in hot alcohol. 

Found: N, 14.43. Calculated for C tr H ia O,N,: N, 14.33. 

6-Acetamino-2-meihyl-3-aminc-4-quinazolone. — The anthranil was added 
to a dilute aqueous hydrazine hydrate solution and the mixture heated 
to boiling. The anthranil dissolved and, on cooling, the quinazolone 
crystallized out in rosettes of colorless, silky needles, which were washed 
with water and recrystallized from it, when they melted at 262-3° (cor.). 
The crystals are soluble in hot water or in alcohol. 

Found: N, 24.29. Calculated for C n H ia O,N 4 : N, 24.14. 

Organic Laboratory. Havbmeysr Hall. 

Columbia University, June. 1910. 


ETHYL T ANNATE. 

By R. J. Manning. 

Received June. 1910. 

Of the naturally occurring tannins gailotannic add, obtained from gall- 
nuts and many other sources, is the most important and best known. 
Strecker 1 claims that gailotannic add is a glucoside of gallic add as it 
yielded gallic acid and glucose on hydrolysis. SehifP synthesized di- 
1 Ann., 90, 340. 

1 Ibid., 170, 49. 
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gallic acid from gallic acid by means of phosphorus oxychloride and claims 
that digallic acid and gallotannic acid are isomers. If this were so, gallo- 
tannic acid would have a formula C h H 10 O 9 and on hydrolysis would yield 
no glucose. On account of the difficulty in purifying the tannin, de- 
terminations of its composition vary with different experimenters. I 
have prepared a crystalline ester and through it have obtained satis- 
factory analyses giving the composition of gallotannic acid and consid- 
erable information about it. 

Description of the Gallotannic Acid Used. 

The material used in these experiments was obtained through Lyman 
Bros., Toronto, from the German firm of Sobering, and came in the form 
of light whitish brown flakes; extracted with ether in a Soxhlet, all 
dissolved, leaving a slight brown stain on the shell, soluble in boiling 
water. It was purified by the method described by Walden: 1 ioo grams 
of the commercial tannin were dissolved in 250 grams of amyl alcohol 
(which must contain a little water) and 350 grams of ether were added; 
no pfecipitate appeared. The tannin was then thrown dowm by gasoline, 
filtered and dried in a vacuum desiccator over sulphuric acid. So puri- 
fied, it formed a whitish, rather heavy powder. 

The crude sample of tannin contained a trace of gallic acid detected 
by the potassium cyanide method; 2 the purified product was free from 
this if excess of gasoline were not added during purification, and in every 
respect, except solubility, behaved like gallotannic acid as described in 
Allen's ‘ 4 Commercial Organic Analysis.” 5 

Hydrolysis . — A dilute aqueous solution, after boiling for half an hour, 
reduced Fehling’s solution (glucose) and gave a distinct red with potas- 
sium cyanide (Young’s test for gallic acid) ; the same result is obtained 
by boiling for a moment with dilute hydrochloric acid. After long boil- 
ing with calcium carbonate while a current of air passed through* the 
solution, the blue coloration changing to red with acids (which is charac- 
teristic of gallic acid) was observed. 

Behavior with Reagents . — Arsenic acid in 5 per cent, alcoholic solution, 
warmed with its own volume of a 10 per cent, solution of the tannin, 
solidified to an insoluble jelly, which on standing in the air dried up to 
a garnet colored mass. Ammonium molybdate and potassium fcrri cyanide, 
reddish colorations; hme water , white precipitate quickly turning blue; 
ferric chloride , blue-black precipitate, soluble in much water; lead ace- 
tate or nitrate, white precipitate in not too dilute solutions; silver nitrate , 
silver mirror on warming; copper sulphate , greenish blue gelatinous pre- 
cipitate turning black on warming; potassium permanganate in alkaline 

1 £«r., 3X y 3*67 (1898). 

* S. Young, Chem.[News t 489 31. 

* VoL III, Part I, pages 35-38 (1900). 
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solution, red-brown precipitate, dissolving on warming to a yellow- 
brown solution which becomes wine- red in the air; dilute sulphuric acid 
and dilute hydrochloric acid , and concentrated salt solutions form pre- 
cipitates in moderately concentrated solutions of the tannin, which dis* 
solve again on adding water. 

Solubility . — My preparation was soluble in water, glycerol, ethyl acetate, 
and acetone; slightly soluble in anhydrous amyl alcohol, ether or ethyl 
alcohol; very slightly soluble in carbon disulphide, benzene and gasoline. 
It is quite insoluble in chloroform (the gallotannic acid and chloroform 
were shaken together and filtered, but the filtrate gave no coloration 
whatever with ferric chloride) . 

Allen 1 says that gallotannic acid is soluble in six parts of cold water ; 
my preparation was much more soluble. In an experiment in which 
the tannin and water were shaken together in a thermostat at o°, many 
successive portions of tannin kept dissolving until the liquid was a thick 
sirup, and further addition of the solid balled together and dissolved 
with extreme slowness. In the end the perfectly clear brownish -sirup 
contained less than one and a half grams of water to one of tannin. At 
32 ° the saturated sirup was still thicker, and contained more than two 
grams of tannin to one of water. 0 

The solubility of tannin in ether, amyl alcohol, and ethyl acetate, 
is greatly increased by the addition of a trace of water, as shown by the 


following data : 

One gram of Dissolved at 15 0 

Ethyl acetate (Kahlbaum) 0.2 g. tannin 

“ fc with 5 per cent, water by volume 2.5 “ “ 

Amyl alcohol normal (Kahlbaum) 0.1“ u 

u “ with 5 per cent, water by volume 0.84 “ “ 


The solubility of mannose, glucose, galactose, cane sugar and of the 
glucosides, saponin, salicin, and amygdalin in amyl alcohol, acetone, 
and in ethyl acetate, is also much increased by the addition of a trace 
of water but not so markedly as in the case of tannin. The solubility 
of the alkaloids, strychnine and brucine, in ethyl acetate and in acetone, 
on the other hand, is not markedly increased by the addition of water. 

In these solubility determinations the method of analysis for gallo- 
tannic acid was that described by F. Jean, 2 involving titration with iodine 
in alkaline solution. 

Analysis of Gallotannic Acid. 

To insure perfect dryness the tannin was heated in a hot air bath at 
1 io° for two hours. 

(a) The elementary analysis gave the following results; 

1 Commercial Organic Analysis , 3rd Ed., Vol. Ill, Fart I, page 34. 

* Chem. CerUr., 1900, I, 1107. ' 



ETHYL TANNATE. 


1315 


Calculated for C 4I H M CV C, 52 .35; H, 3.40. 

Found: C, 52.4, 52.25; H, 3 . 45 , 3 49 

(6) To estimate the glucose in tannin, the following procedure was 
adopted: 0.2 to 0.5 gram of the tannin was boiled with 200 cc. water 
and 25 cc. of to per cent, hydrochloric acid for an hour. As gallic acid 
has a marked reducing action on Fehling’s solution, it was removed by 
extraction with ether, and as glucose itself is somewhat soluble in water- 
saturated ether, the extraction was carried on quantitatively and a cor- 
rection applied as follows : 

From 0.1 to 0.25 gram glucose was mixed with 0.5 to 1.2 grams ethyl 
gallate and the mixture dissolved in 200 cc. water and 25 cc. of 10 per 
cent, hydrochloric acid. After boiling the solution for an hour, it was 
made up to 100 cc. and extracted six times by shaking up for ten min- 
utes each time with 50 cc. of ether. After the sixth extraction, all the 
gallic acid formed by the hydrolysis of the ether except a slight trace 
had been removed. The following percentages of the original glucose 
were found by analysis in the aqueous layer: 

Glucose 78 9 79 o 78 8 78. 6 per cent 

Hence the boiled solution of tannin was extracted six times with ether, 
the free hydrochloric acid neutralized with sodium carbonate, the glu- 
cose estimated and the results multiplied by 100/79. 

The analysis gave glucose 190, 18 79 per cent Calculated on the assumption 
that one formula weight of the tannin on hydrolysis gives one formula weight of glu- 
cose: 19. 1 per cent 

(c) Formula weight determinations from the boiling point of solutions: 


Water as solvent. 


#43 

922 

1025 

1500 

Acetone as solvent 

1672 

2023 

1500 

1450 


Water as solvent (from freezing |>oint) . 

1957 

1942 

1769 

1956 

1972 


Calculated for C 4 ,H 3a O 20 . 940 

Preparation of the Ethyl Ester of Gallotannic Acid. 


50 grams of the tannin were dissolved in 250 cc. of KahlbaunTs 99.8 
per cent, ethyl alcohol. After introducing the light brown solution into 
a 500 cc. flat-bottomed flask, hydrogen chloride gas, dried by passing 
through 18 inches of pumice stone moistened with sulphuric acid, was 
bubbled through for at least two and a half hours. During the opera- 
tion the temperature of the liquid rose to about 60 °. By cooling the 
solution during the passage of the gas through it, the yield was dimin- 
ished, while applying heat to the flask did not noticeably increase the 
amount of the ester formed. 

The dark brown sirup left after the passage of the hydrogen chloride 
gas was evaporated in a large porcelain evaporating dish until quite 
thick, and KahlbaunTs lime-free barium carbonate added in excess. The 
sticky mass was extracted three times with anhydrous ether, the result- 



1316 ORGANIC AND BIOLOGICAL. 

mg greenish brown ethereal liquid allowed to evaporate, and the residue 
heated for some hours in a water bath. A dark greenish brown powder 
remained. 

The crude ethyl tannate so obtained was purified by extraction with 
chloroform in a Soxhlet for two days. This leaves behind the coloring 
matter and unaltered tannin but dissolves any ethyl gallate as well as 
the ethyl tannate; hence the necessity of using tannin as free as possible 
from gallic acid. During the extraction the ethyl tannate separated 
out of the chloroform in the form of pale yellow spherical nodules of 
about 2 mm. in diameter. The yield was about 40 per cent, of the tannin 
used. 

In the hope of obtaining a better yield, 50 cc. of benzene 1 were added 
to the dark brown solution through which the hydrochloric acid gas 
had been passed, the whole well shaken and the benzene distilled off. 
After three successive treatments with benzene, the liquid left in the 
distilling flask was evaporated and treated with barium carbonate and 
ether as before. This method gave no better yield and was therefore 
not used again. 

Description of the Ethyl Tannate. 

On splitting open these nodules, they were seen to consist of a mfiss 
of light yellow shining crystals radiating from a common center. Their 
melting point was 157 0 (ethyl gallate melts at 141 0 ). 2 They were readily 
soluble in ether, alcohol and water; slightly soluble in chloroform ; 4 n- 
soluble in gasoline and in carbon bisulphide. Their aqueous .solution 
resembled a solution of tannin in its reactions with ammonium molyb- 
date, lead nitrate or acetate, silver nitrate, copper sulphate, and potassium 
permanganate. With potassium cyanide the aqueous solution of ethyl 
tannate always gave a slight red color indicating the presence of traces 
of gallic acid or its ester. 

Analysis of the Nodules. 

(а) Elementary Analysis . — The substance was mixed with a little 
carefully dried red lead and ignited in a porcelain boat. 

The analysis gave: 0,52.3 52.4 52.35; H, 5.25 5. 11 5.25 

Calculated for C &1 H tt O, : 52.30 5.30 

(б) Loss of Water on Heating. — To estimate the percentage of water, 
the nodules were heated in an air bath to 125-135 0 for two hours. On 
first heating they became rather sticky, but did not melt completely, 
and on continued heating became drier again but showed a tendency 
to turn brown and to sublime. Hence care had to be taken not to allow 
the temperature to rise over 135 °. 

The analysis gave: 7.6, 7.5, 7.8 water; calculated for C n H tt 0*.5H,0; 7.69 per cent. 

1 /. Chem. Soc., 88, 852 (1905). 

* Btti, Ber. t xx, 1882. 
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(c) Ethoxyl Determination, — The method used was that of Zeisel as 
described in Meyer and Tingle's “Estimation of Organic Radicles,*' 
pp. 34-48. In some of my determinations the precipitate of silver iodide 
was brownish instead of yellow. The results with these colored pre- 
cipitates varied widely, being too large, and hence were rejected. It 
was found afterward, however, that if the brown silver iodide precipi- 
tates in these high results were boiled for five minutes with 100 cc. of 
15 per cent, nitric acid, filtered and weighed, the precipitates regained 
their normal color and the new results agreed with those not rejected. This 
treatment with nitric acid does not perceptibly affect the pure silver iodide. 

OC a H 5 found: 19.24, 19.32, 19.39, i 9 - 55 > * 9-55 per cent.; calculated for C 41 H ff 

(OC 2 H 6 ) A . 5 H a O 1 : 19.23 per cent. 

( d ) Hydrolysis of the Ester and Estimation of the Glucose. — 2 grams 
of the ester were boiled with 100 cc. water for two hours with a return 
condenser and then 25 cc. distilled off. This distillate gave no trace 
of alcohol when tested by the iodoform method. 1 If, however, previous 
to the distillation, 10 cc. of dilute hydrochloric acid or of dilute caustic 
potash were added to the distilling flask, the distillate then gave, espe- 
cially in the latter case, a distinct deposit of iodoform. 

The freshly prepared solution of ethyl tannate reduced Fehling’s solu- 
tion slightly; but the solution which had been boiled with acid or with 
caustic potash reduced Fehling’s solution readily and gave a marked 
potassium cyanide test for gallic acid. The products of the hydrolysis 
are therefore ethyl alcohol, glucose, and gallic acid. 

The glucose was estimated by the same method as was used for the 
estimation of glucose in the gallotannic acid and the same correction 
was applied. 

The analysis gave: 15.37, 1542, 15 51, 15. 13 per cent glucose. Calculated on 
the assumption that one formula weight (C ai H CT 0 „) of the ester on hydrolysis gives 
one formula weight of glucose: 15.38 per cent. 

(e) Estimation of the Gallic Acid. — 0.2 to 0.3 gram of the ethyl tannate 
was hydrolyzed by boiling with dilute hydrochloric acid as in the estima- 
tion of the. glucose. The boiled solution was then diluted to 250 cc. 
and the gallic acid estimated by the iodine titration method of Jean. 2 

Gallic acid found: 72.56, 72,66, 72.8. Calculated on the assumption that one 
formula weight (C t| H m O st ) of the ester on hydrolysis gives five formula weights of gallic 
acid: 72.64 per cent. 

(/) Formula-weight Determinations from Boiling Point of Solutions . — 

Acetone as solvent: 255, 280, 257. 

Ethyl acetate as solvent: 362, 275, 300. 

Chloroform as solvent: 1335, 1000, 1200, 1467. 

Water as solvent (from freezing point): 301, 309. 

Calculated for C 61 H e O gl : 1170 

1 Z. anal. Chem. t 9, 492. 

9 Chem. Cen 4 r. t xpoo, I, 1x07. 
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Comparing these results, it is seen that those given by the chloroform 
solution are several times greater than those given by the other solutions. 
The lower numbers might be explained by assuming that in all the sol- 
vents but chloroform there is a dissociation into anhydrous ester and 
water. To test this, 0.5 to 1 .0 gram of the ester was dissolved in 50 cc. 
acetone and the solution dehydrated carefully by introducing 10 grams 
anhydrous calcium chloride. After filtering and washing the calcium 
chloride carefully with acetone, the filtrate was diluted up to ioo cc. 
and its boiling point determined, giving the following results: 

Formula weight found* 950, 1050. Calculated for C^H^O*: 1080. 

Moreover, on evaporating this solution to dryness, an amorphous, dark 
brown, sticky mass was left, instead of the crystalline substance before 
obtained. 

A Higher Hydrate of the Ester of Gallotannic Acid. 

On the evaporation of solutions of ethyl tannate in ether, chloroform, 
alcojiol, acetone, and ethyl acetate, only minute crystals were obtained. 
To get large crystals, a cold (15 0 ) saturated aqueous solution of ethyl 
tannate, obtained without heat, was allowed to evaporate in a round- 
bottomed evaporating dish by being placed in the sunlight. Even qX 
that temperature a partial decomposition of the ester into ethyl gallate 
and glucose took place. The ethyl gallate, being less soluble, crystal- 
lized out first as a top ring of pale yellow, steep rhombic crystals around 
the sides of the evaporating dish. At the bottom of the vessel, on al- 
most complete evaporation, were found large, light brown crystals, many 
between one and two centimeters in length, with a sticky fluid contain- 
ing the glucose. 

An aqueous solution of these crystals behaved like a solution of the 
lower hydrate of ethyl tannate. They melted at 132°* and effloresced 
readily over sulphuric acid and slowly in the air. They lost their water 
of crystallization on being heated at 125-135° like the lower hydrate. 

Analysis gave: 20.5, 20.7, 21.0 per cent, water. Calculated for C^H^O^.^HjO: 
20 per cent. 

Synthesis of Ethyl Tannate from Ethyl Gallate and Glucose. 

20 grams ethyl gallate prepared according to SchifTs method 2 were 
ground up with 5-6 grams glucose and mixed to a thin paste with phos- 
phorus oxychloride. After heating this paste in a water bath for two 
hours, during which time great quantities of hydrochloric acid were given 
off, a dark sticky mass remained. This was further dried by heating 
at 120° for a couple of hours, extracted with anhydrous ether, the ether 
solution evaporated, and the residue again extracted with chloroform 
in a Soxhlet for twenty-four hours. At the end of that period a light 

1 Hydrated ethyl gallate melts at 90 °. 

3 SchifT, Ann. Client., 163, 215; 170, 72. 
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colored mass had settled out of the chloroform. By the fractional crys- 
tallization of its aqueous solution as previously described, the higher 
hydrate of the ethyl ester of gallotannic acid was obtained. This gave 
all the reagent tests for tannin, for glucose, and ethoxyl groups. It 
melted at 132 0 . The maximum yield I obtained was only about 5% 
of the theoretical. 

Summary. 

1. Two crystalline derivatives of tannin have been obtained. They 
are ethyl esters of gallotannic acid differing in the amount of water of 
crystallization. The previous analyses of gallotannic acid varied be- 
cause crystalline derivatives were not known and therefore pure ma- 
terial was very difficult to obtain. 

2 . These esters were synthesized from alcohol and gallotannic acid 
and one of them was also synthesized from ethyl gallate and glucose. 

3. Various analyses show that the formulas for these esters are 
C 4 ,H 27 () 21 ( 0 C 2 H s ) 5 . 5 H 2 0 and C n H 27 () 2l (OC 2 H r> ) 5 . i 5 H 2 0 , and that they 
are glucosides of gallic acid in which one formula w r eight of glucose and 
five formula weights of gallic acid are represented in one formula weight 
of the ester. This gives the formula C n H 12 0 3fl for gallotannic acid. 

4. Dissociation of the hydrated ester into water and anhydrous ester 
would account for the low formula-weight determinations in acetone, etc. 

This work was done under the direction of Professor W. Lash Miller. 

University or Toronto 


ACTION OF AMINES ON PHTHALIC ACID. VII.' 

By T Bishop Tinker avi> S J Bates 
Received August 4, 1910 

The work described in the earlier papers by the senior author and his 
colleagues has shown that the phthalamidic acids combine with amines 
to form salts, RNHCOC 0 H 4 CO 2 NH 3 R'. Secondary’ or tertiary amines, 
if they are not too negative, convert these salts into imides, 
CO CO 

C„H 4 <£q>NR or C fl H 4 <£^>NR\ whereas primary amines give rise 

to one or more of the following products: the amidic acid R'NHCO 
C fl H 4 C0 2 H , the amides RN HCOC*H 4 CON II R or C 8 H,(CONHR') 2 , and 
the imides formulated above. In the case of the secondary’ phthalamidic 
acids, RNR'COC fl H 4 CG 2 H, where R and R' may represent similar or 
dissimilar groups, the amine R"NH 2 behaves somewhat differently; 
it may cause .hydrolysis of the original amidic acid to phthalic acid, or 

1 The previous papers bearing on this subject have appeared as follows: Bishop 
Tingle and Cram, Aw. Chem. J., 37, 596 (1907): Bishop Tingle and Lovelace, Ibid., 
38, 64 2 (1907); Bishop Tingle and Rolker, This Journal, 30, 1882 (1908); Bishop 
Tingle and Brenton, Ibid., 31, 1157 (1909); Bishop Tingle and Bates, Ibid., 31, 1233 
(1909); Bishop Tingle and Brenton, Ibid., 32, 113 (1910). 
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the group R* may replace R or R' in the amidic acid, giving R'NHCOC, 
H 4 C 0 2 H. This last add may then eliminate water and form the imide 
on 

C 6 H 4 < qq > NR". The amidic acids of the aliphatic series 1 do not ex- 
hibit a similar series of reactions and consequently the formation of 
substituted imides, under the influence of amines, could only be ascribed 
to the influence of “the inherent nature of the benzene nucleus.” 

In the case of the phthalamidic acids the particular course which the 
reaction takes, or the preponderating organic product, if more than one 
is formed, is determined essentially by the nature of the groups R, R', R # 
which are linked to the nitrogen atoms of the amine or amidic group. 

In the present paper we describe the results which we have obtained 
in the course of an investigation of phthalamidic acids containing one 
or more chlorine atoms or nitro groups in the benzene nucleus. In this 
connection we have investigated a number of amidic acids derived from 
3,6-dichloro-, ; etrachloro-, 3-nitro- and 4-nit rophthalic acids. 

We have isolated di-m-toluidine and di-p-chloroantline 3 , 6 -dichloro- 
phihalates and have materially mproved Graebe’s method for the prepara- 
tion of 3,6-dichlorophthalophenylamidic acid, C 8 H 5 NHC 0 C e H 2 Cl 2 C 0 2 JI, 
and of its anil. Our products appear to be superior in purity to those 
described hitherto. 

Unlike other members of this series, 3,6-dichlorophthalophenylamidic 
acid does not appear to be dehydrated by the action of amines in solu- 

CO 

tion, but it is very readily transformed into the anil Cl^Hj < ^ > NC fi H 5 , 

by the action of 50 per cent, alcohol. It furnishes, therefore, another 
example of the marked dehydrating power of even dilute alcohol. This 
phenomenon was discussed in an earlier paper by Bishop Tingle and 
Rolker. 2 

Entirely similar transformation results were observed with tetrachloro- 
phthalophenylamidic acid , C 0 H 5 NHCOC 6 Cl 4 CO 2 H . This acid is prepared 
most conveniently from tetrachlorophthalic anhydride and aniline, 
in benzene solution, but it may also be obtained by hydrolysis of the 
phenylimide. Its sodium and potassium salts form colloidal solutions 
in water; when these liquids are shaken, well-marked lathers are produced. 

o-Toluidine and tetrachlorophthalic acid or its anhydride give what is, 
apparently, tetrachlorophthalo-o-tolylamidic acid , CH a C 6 H 4 NHC 0 C 6 Cl 4 C 0 2 H; 
it is deposited in lustrous, white crystals, melting at 218-20°. 

For comparison with the above phenylamidic acid we prepared tetra- 
chlorophthalo-p-naphthylamidic acid , C 10 H 7 NHCOC^Cl 4 CO 2 H, and the corre- 

sponding p-naphthylimide, C S C 1 4 <^>NC I0 H 7 . Both of these com- 

1 Bishop Tingle and Bates, loc . cit. 

2 This Journal, 30, 1884 (1908). 
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pounds are white, crystalline substances, melting at 287 °, i. e., the melting 
point of the imide. The /?-naphthylamidic acid resembles the phenyl 
derivative in general properties, but it is somewhat less stable and is 
hydrolyzed by alkalies to its constituents with relative ease. Its trans- 
formation into the /?-naphthylimide does not appear to be influenced 
by the presence of amines. 

3-Nitrophthalophenylamidic acid, C e H s NHC 0 QH 3 (N 0 2 )C 0 2 H, was pre- 
pared from the phenylimide. 1 When heated at about ioo°, with alco- 
hol (50%), it is changed slowly to a 3~nitrophthalodianilide, which is also 
formed, under similar conditions, in the presence of amines such as 
aniline, quinoline or />-toluidine. Our dianilide melted at 233-4° and 
is evidently isomeric with that of Chambers, 2 which melts at 211-2 0 . 
Chambers did not determine the structure of his compound, which was 
prepared from 3-nitrophthalyl chloride, but he pointed out that, accord- 
ing to theory, there should be three dianiiides of 3-nitrophthalic acid, 
viz . 



On account of its method of formation and of its higher melting point, 
our compound is probably the symmetrical derivative (I). 

In this connection it is interesting to point out the effect of the nitro 
group in determining the production of the diamhdc as the only product 
of the reaction. In the case of the compounds studied hitherto, the 

chief product has always been an imide, C« ; II WJ X fl <j*J>NR (X = II or Cl), 


a dianilide, if formed at all, being obtained only in very small quantity. 

4-Nitrophthalophenylamidic acid, C fl H > NHC 0 C 6 H. i (N 0 2 )C 0 2 H, was pre- 
pared from the phenylimide obtained by Graebe and Buenzod, 8 
or, more conveniently, by the action of aniline on 4-nitrophthalic an- 
hydride. For the hydrolysis of the phenylimide Bogert 4 used baryta 
water; we find that an aqueous solution of potassium hydroxide is much 
more desirable. Our acid melted at 192°, not 181° as stated by Bogert, 
and, contrary to his experience, it dissohed without difficulty in a cold, 
aqueous solution of sodium carbonate. Our specimens of the phenyl- 
imide melted at 200-1 °; Bogert 5 found 194°. 

It is, perhaps, worth mentioning that the amidic acids, with which 
the senior author has worked during the past few years, frequently melt 


1 Bet 32, 1992. 

* This Journal, 25, 61 1. 

* Ber 32, 1993- 

4 This Journal, 23, 740. 

* Ibid ., 23, 757- 
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at temperatures about 15-20° lower than the melting points of the corre- 
sponding substituted imides, they then solidify and remelt at a higher 
temperature. It is found, however, that preparations which behave 
in this manner are almost always slightly impure. After further treat- 
ment they show the same melting point as the substituted imide and 
this temperature is always a degree or two higher than the second melt- 
ing point mentioned above. It is, perhaps, hardly necessary to remark 
that, in every experiment which we have described, precautions have 
been taken in order to demonstrate that the final methods of purifica- 
tion which were adopted did not themselves convert the acids into their 
imides. 

When heated on a boiling water bath, during 5 hours, with alcohol 
(50 per cent.), with and without the addition of quinoline, 4-nitrophthalo- 
phenylamidic acid is transformed, in part, into the phenylimide, the 
remaining acid being recovered unchanged. Under similar conditions, 
with alcohol (50 per cent.) and aniline, the same products are obtained, 
together with a small quantity of a compound , melting at 1 99-200°. 
In view of the results observed with the 3 -nitro acid (see above) and 
from the fact that the new compound is not attacked by boiling with 
aqueous solutions of potassium hydroxide, or of hydrochloric acid, we con- 
clude that the substance in question is probably 4-nitrophihalodianilide, 
0 2 NC 6 H 3 (C 0 NHC 6 H b ) 2 . 

A comparison of the results of the transformation experiments with 
3-nitrophthalophenylamidic acid and those of the 4-nitro acid show that 
the approximation of negative groups [C 0 2 H : C 0 2 H : N 0 3 =1:2:3] 
inhibits the formation of the phenylimide and greatly favors that of 
the dianilide. The opposite result is obtained when the nitro group 
is in the 4-position. It is, of course, easy to ascribe this inhibition of 
the imide formation to “steric hindrance/’ but we prefer to regard it as 
being due to a specific influence of the nitro group. The chief ground 
for this attitude is the fact that the 3,6-dichloro- and the tetrachloro- 
phthaiophenylamidic acids form phenylimides readily, although they 
show a specific insensibility to the transforming influence of amines. 

4-Nitrophthalo-(}-i%aphthylam'idic acid , C 10 H 7 NHCOC 8 H 3 (NO 2 )CO 2 H, is 
prepared by mixing acetone or benzene solutions of /3-naphthylamine 
and 4-nitrophthalic anhydride. After purification the acid is deposited 
in light yellow crystals, melting at. 202-4°, 

Camphorphenylamidic acid, C 8 H 5 NHC 0 C 8 H M C 0 2 H, was prepared by 
the method of Auwers and Schleicher, 1 from aniline and camphoric an- 
hydride. Camphor-p-naphthylamidic acid , C 10 H 7 NHCOC g H 14 CO 2 H, was 
obtained in a similar manner from /?-naphthylamine. It is crystalline 
and melts at 220-1 °. Neither of these acids was changed by prolonged 
i 1 Ann., 309,341. 
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heating at the temperature of a boiling water bath, in presence of alcohol 
(50 per cent.), or of various amines. 

In our earlier paper 1 we called attention to the readiness with which 

CO 

amidic acids of the phthalic series formed imides, R<^>NX (and 

other compounds), as compared with the stability in this respect of the 
analogous acids of the aliphatic series. Expressed in another way, 
the question is one of the relativ e stability of the substituted ammonium 
salts of the acids of the two series. After discussing the matter briefly, 
we reached the conclusion that the instability of the ammonium phthal- 
amidates can be due only “to the inherent properties of the benzene 
nucleus," whatever this may mean. 

Our object in preparing camphor phenyl- and /?-naphthylamidic acids 
was to obtain further light on this point. They are the most readily avail- 
able derivativ es of the alicyclic series and, as stated above, their behavior 
is essentially similar to that of the corresponding aliphatic compounds. 
Consequently our previous conclusion, regarding the effect of the benzene 
nucleus, is still valid, but it may be supplemented by the statement that 
the accumulation and approximation of negative groups in the phthalic 
acid nucleus favors the formation of dianilides, C ft XY(CONHC e H 6 ) 2 , rather 

than that of imides, C„XY <qq>NR- 

Experimental. 

1. Derivatives ok 3,6-Dichloropiithauc Acid. — The following salts 
have been prepared . Di-m-toluidrnr 3,6-dichlorophthalate, Q 2 CqH 2 
(C 0 3 NH 8 C h H,CH 5 ).,, is obtained as a light colored precipitate by mixing 
the acid and amine in concentrated, alcoholic solution. It is deposited, 
after recrystallization from water or alcohol, in light yellow crystals, 
melting at 176°. Found: N, 6.68; calculated, 6.28 per cent. 
/ )?'- p-chloroa nil hie 3 y o-duklorophthalate y Cl 2 CJL(C 0 2 NH 3 C fi H 4 Cl) 2 , is pre- 
pared in a similar manner from />-chloroaniline and 3,6-dichlorophthalic 
acid, in benzene solution. Light yellow crystals from water or alcohol, 
melting at 215 0 . Found: N, 5.90; calculated, 5.70 per cent. 

Only tarry products were obtained by heating 3,6-dichlorophthalic 
acid with aniline or acetanilide, under various conditions of temperature, 
with and without solvents. 

3,6-Dichlorophthalic anhydride was most easily prepared by heating 
the acid, at 40°, in a current of dry air, until water ceased to be evolved. 
The purification of the product is somewhat tedious. We found it best 
to dissolve the material in benzene and add a little gasoline. After a 
few hours a resinous deposit is formed on the sides of the container. The 
clear liquid is decanted and a little more gasoline added and the process 
1 This Journal, 31, 1235. 
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repeated until no more resin is precipitated. To the clear liquid three 
or four volumes of gasoline are now added, whereupon the anhydride 
will be precipitated as a white powder. In order to purify it completely 
it may be necessary to dissolve it in a little benzene, at the ordinary 
temperature, and repeat the treatment with gasoline. 

Preparation of 3,6-dichlorophthalanil and of j , 6 -dichl orophtha loph cnyl- 
arnidic acid . — We made numerous attempts to prepare these compounds 
by Graebe's method, 1 which consists in heating aniline 3,6-dichloro- 
phthalate. We varied the conditions rather widely, but at the best 
the yield of crude product was very poor and a great deal of it was lost 
because it was necessary to recrystallize it several times from acetic acid 
and to boil it with bone-black in order to obtain it in a condition of ap- 
proximate purity. The small quantity of material which we obtained 
ultimately was hydrolysed by means of an aqueous solution of potassium 
hydroxide. After acidification with hydrochloric acid a browmish pre- 
cipitate was deposited; it was identified as 3,6-dichlorophthalophenyl- 
amidic acid by means of a mixed melting point. 

Having found that Graebe’s method was entirely unsuited for the 
preparation of the arnidic acid, except in minute quantities, we devised 
the following process by which the acid may be obtained in a quantita- 
tive yield. Aniline (2 mols.) is added to 3,6-dichlorophthalic anhydride 
(1 mol.), dissolved in benzene. Water and potassium hydroxide (1 mol.) 
are then added and the mixture is boiled for some time and well stirred. 
After cooling, the benzene, which contains the excess of the aniline, 
is removed and the aqueous solution is acidified by means of hydrochloric 
acid. The resulting precipitate is light brown; this color appears to 
be due to the presence of a little impurity which is derived from the an- 
hydride and which low r ers the melting point of the arnidic acid consider- 
ably. In order to remove this colored substance it was necessary to 
dissolve the crude acid in an aqueous solution of sodium hydrogen car- 
bonate; this solution was boiled with bone-black, the acid reprecipitated 
and recrystallized twice from alcohol and twice from a mixture of benzene 
and gasoline. The 3,6-dichlorophthalophenylamidic acid, QHjNHCOC,, 
H 3 C 1 2 C 0 3 H, which was ultimately obtained, was a light brown powder, 
melting at 165°. It dissolves readily in benzene, acetone, ether, alcohol, 
ethyl acetate and in a cold, aqueous solution of sodium carbonate. Found : 
Cl, 22.99; calculated, 22.90 per cent. 

Transformations of 3,6-Dichlorophthalophenylamidic Acid . — The add 
was not changed by dissolving it in benzene and heating the solution 
on& boiling water bath. The addition of aniline, quinoline, or /?-naphthyl- 
ariftfie produced no effect. 

With 50 per cent, alcohol, instead of benzene, a part of the acid is trans- 

$ Ber. t 33, 2019 (1900). 
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formed into the anil. The heating was continued during 35 minutes. 
The presence of aniline, quinoline, or /j'-naphthylamine does not appear 
to influence either the velocity or extent of this dehydration. These 
facts are discussed in the theoretical part of the present paper; they are 
of considerable interest in connection with the earlier work of Bishop 
Tingle and Rolker. 1 

0 . pc ) 

We have found that 3,6-dichlorophthalanil, Cl 2 C 6 H 2 <^>NC fl H 5 , is 

most conveniently prepared, in the manner described above, by heating 
the amidic acid with alcohol. The product melts at 201 °. Graebe’s 
material, obtained by fusing the aniline salt, was evidently impure. 
It is stated to melt at 191 °. 

Experiments with Tetraciilorophthauc Acid. o-Toluidme and 
Tetrachlorophthalic Acid . --o-Toluidine (2 mol.) and the acid or anhydride 
were mixed in acetone solution. The precipitate which forms imme- 
diately was purified by solution m water or ethyl acetate, from either 
of which it is deposited in lustrous white crystals. It melts 
at 2 1 8-20° and is probably tetiachlorophthalo-o-tolylamidic acid, 
CH a C„H 4 NHCOC 45 Cl 4 C 0 2 H. Found: N, 3.95; calculated, 3.56 per cent. 

Preparation of Tctrachlorophthalophcnyhmidc and of Tetrachlorophthalo- 
phcnyhimidic And. — The phenylimide was prepared by Graebe and Buen- 
zod’s method, which consists in the fusion of aniline tetraclilorophthalate. 2 
The yield is quite poor and it is difficult to purify the product. 

Teirachlofophthalophaiylavi'idic acid , C h I 1 5 NIIC 0 C b C 1 4 C 0 2 H, may be ob- 
tained by boiling the anil, during 2-3 hours, with a rather concentrated 
aqueous solution of potassium hydroxide, but it is prepared much more 
easily by adding aniline to tetrachlorophthalic anhydride, both in benzene 
solution. The precipitate which forms immediately is collected and is 
purified by dissolving it in a warm, aqueous solution of sodium carbonate 
and subsequently adding hydrochloric acid. It is readily soluble in 
acetone, ether, or ethyl acetate and is deposited from alcohol in white 
crystals, melting at 260°, ?. t\, at the same temperature as the anil. Speci- 
mens which have been insufficiently purified melt about 230 °, then be- 
come solid and finally remelt a little below 266°. Found: N, 3.76; calcu- 
lated, 3.69 per cent. 

In aqueous solution the acid reddens litmus paper immediately and 
it dissolves without difficulty in warm, aqueous solutions of alkali hy- 
droxides, but cold solutions attack it only slowly because its sodium and 
potassium salts are colloidal and soapy and readily form lathers. When 
a warm aqueous solution of either of these salts is cooled it becomes turbid, 
then jelly-like and finally, if the liquid is sufficiently concentrated, a 
tarry or resinous precipitate is formed. 

1 Loc. tit. 

■ B * r .> 3*1 *994* 
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Transformations of Tetrachlorophthalophenylamidic Acid. — The acid 
was recovered unchanged after boiling during 35 minutes in benzene 
solution. The addition of aniline was without effect. In 50 per cent, 
alcohol, on a boiling water bath, a part of the acid is transformed into 
the anil. The reaction does not appear to be influenced by the presence 
of aniline, or of /?-naphthy lamine . 

On account of their identical melting points, as mentioned above, 
some trouble was at first encountered in distinguishing between tetra- 
chlorophthalophenylamidic acid and the phenylimide; this difficulty is 
increased by the fact that the acid does not dissolve easily in a cold, 
aqueous solution of potassium hydroxide. The most ready methods 
of identification were the solubility of the acid in a boiling, aqueous solu- 
tion of sodium carbonate and the fact that the aqueous solution of the 
acid reddens litmus paper. Tetrachlorophthalophenylamidic acid changes 
slowly to the phenylimide at the ordinary temperature, consequently 
the material employed for the transformation experiments described 
above was carefully purified by means of sodium carbonate solution 
immediately before use. 

T etrachlorophihalo-ft-naphthylamidic Acid. — This acid, C 10 H 7 NH£OC 6 
C 1 4 C 0 2 H, is prepared from /?-naphthylamine and tetrachloroplithalfc 
anhydride, in a simliar manner to the phenyl derivative. The sodium 
and potassium salts dissolve with difficulty in water, at the ordinary 
temperature and the resulting solutions are colloidal, consequently it 
is somewhat troublesome to separate the amidic acid from unchanged 
^-naphthylamine. The best plan we found was to add dilute hydro- 
chloric acid to a boiling aqueous solution of the sodium salt, collect the 
precipitated acid and boil it with a large quantity of water; after drying 
it is treated with a mixture of toluene and glacial acetic acid; from this 
it deposits in white crystals, melting at 287°, which is the m. p. of the 
/?-naphthylimide. It dissolves readily in ethyl acetate, acetone and in 
95 per cent, alcohol, is less soluble in ether, chloroform and in 50 per 
cent, alcohol and is practically insoluble in benzene. Found: N, 3.23; 
calculated, 3.26 per cent. 

The acid changes slowly, at the ordinary temperature, to the /?-naphthyl- 
imide. Concentrated, aqueous potassium hydroxide solution hydro- 
lyzes it slowly to /?-naphthylamine and tetrachlorophthalic acid, both 
of which were fully identified. 

Highly purified tetrachlorophthalo-/?-naphthylamidic acid is trans- 
formed into the /?-naphthylimide when heated with alcohol of 95 or 50 
per cent. The change was not complete during the time of our experi- 
ments, about 35 minutes, and the reaction does not appear to be in- 
fluenced by the addition of aniline or / 3 -naphthylamine to the alcoholic 
solution. 
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T etrachlorophthalo-p-naphthalo-p-naphthylimide , QCI4 < ^ > NC 10 H 7 , 


is 


prepared by heating the acid at 260-70°, during 10 minutes. It is solu- 
ble in acetone, ethyl acetate, or alcohol and is deposited in white crys- 
tals, melting at 287°. The compound does not dissolve in an aqueous 
solution of sodium carbonate, but by the action of a warm, aqueous 
solution of potassium hydroxide it is hydrolyzed slowly to potassium 
tetrachlorophthalo-/?-naphthylamidate, which, of course, goes into solu- 
tion. 

Derivatives of 3-Nitrophthauc Acid. — 3-Nitrophthalophenylamidic 
acid, C 6 H fi NHC 0 C fl H 3 (N 0 2 )C 0 2 H, was prepared by the hydrolysis of the 
phenylimide. We found that this was readily accomplished by warming 
with an aqueous solution of potassium hydroxide, in place of the barium 
hydroxide employed by Bogert. 1 After several recrystallizations from 
ethyl acetate our material melted at 181 0 and, contrary to the statement 
of Bogert, 2 dissolved readily in an aqueous solution of sodium carbonate, 
at the ordinary temperature. 

Transformation of 5- Nitruphthalophenylamidic Acid . — At the tem- 
perature of a boiling water bath, during 35 minutes, the acid is not 
changed in presence of alcohol (50 per cent.), or of quinoline, but on adding 
aniline to the alcohol a little 3-nitrophthalodianilid.* is produced and the 
yield of this compound is quantitative if the heating is prolonged during 
5 hours. With />-toluidine or alcohol (50 per cent.), during 5 hours* 
heating, the acid also gives a small quantity of the same dianilide. This 
dianilide was obtained in crystals, melting at 233-4 ft is readily soluble 
in alcohol, chloroform, ether, acetone, or ethyl acetate, but dissolves 
with difficulty in benzene, or toluene. The compound is not attacked 
by a boiling, aqueous solution of potassium hydroxide, nor by hydro- 
chloric acid. Found: C, 66.76; H, 4.66. Calculated: C, 66.48; H, 4.15 
per cent. 

Our 3-nitrophthalodianilide appears to be isomeric with one prepared 
by Chambers 8 from 3-nitrophthalyl chloride. It is uncertain which of 
the three possible structures 


0 CONHC«H 6 

CONHCeH* 

NO* 


/Nc(nhc,h 5 ) 


IJco. 


> 



C(NHC # H ; J,' 


>° 


NO, NO g 

are to be assigned to the two compounds in question, but we think that 
ours is probably the symmetrical derivative. 

3-Nitrophthalic Anhydride and fi-Naph thylamine. — When these sub- 
stances are mixed in an organic solvent, a compound is precipitated 


* This Journal, 23, 740. 

* hoc. cit. 

9 This Journal, 25, 6x1, 
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which appears to be j-nitrophthalo-ft-nuphthylamidic acid , C 10 H 7 NHCOC fl 
H 3 (N 0 2 )C 0 2 H. Its purification is attended with considerable difficulty 
on account of the progressive formation of an oily material. We ob- 
tained light yellow crystals from a mixture of acetone, benzene and chloro- 
form; they melted at 201-2 0 and dissolved easily in alcohol, ethyl acetate, 
acetone, or ether, less readily in chloroform. That the compound is 
an acid is shown by the fact that it is soluble in an aqueous solution of 
sodium carbonate and is reprecipitated on acidification with hydro- 
chloric acid. The quantity of purified material ultimately available 
was too small to permit of analysis. 

Derivatives of 4-Nitrophthauc Acid.-- 4-Nitrophthalophenylamidic 
acid, CoH^NHCOCtjHaCNO^COjjH, was obtained from the phenylimide, 
which was prepared by Graebe and Buenzod’s method. 1 This consists 
in heating aniline 4-nit rophthalate. The resulting anil, after purifica- 
tion, was dissolved in a warm, aqueous solution of potassium hydroxide, 
the heating continued during about 5 minutes and the amidic acid pre- 
cipitated by means of dilute hydrochloric acid. The acid was then crys- 
tallized several times from ethyl acetate, in order to separate it from tarry 
matter which is always produced during the fusion of the aniline 4-fiitrp- 
phthalate. 

The phenylamidic acid may also be obtained by mixing benzene solu- 
tions of aniline and 4-nitrophthalic anhydride. The product obtained 
in this manner is less difficult to purify than that prepared from the anil. 
The acid was dissolved in a cold, aqueous solution of sodium carbonate, 
reprecipitated by means of dilute hydtochloric acid and recrystallized 
several times from ethyl acetate. Our acid melted at 192 °. The method 
of preparation given above is much more convenient than that described 
by Bogert. 1 He hydrolyzed the anil by the use of barium hydroxide, 
added sulphuric acid and extracted the amidic acid by means of alcohol. 
His product melted at 18 1 °, and did “not appear to decompose carbonates.” 
Our material dissolved in a cold, aqueous solution of sodium carbonate 
after 10-15 minutes. Bogert gives 194 0 as the m. p. of 4-nitrophthalo- 
phenylimide. 2 Our preparation melted at 200-1 °, 

We refer, in the first part of this paper, to a peculiarity shown by the 
acids of this series in regard to their melting points. 

Transformation of 4-Nitrophthalophenylamidic Acid . — -At the temper- 
ature of a boiling water bath, after 5 hours, in presence of alcohol (50 
per cent.), a part of the acid was recovered unchanged, the remainder 
being converted into the phenylimide. A similar result was obtained 
by adding quinoline to the solution. After 6 hours' heating, under 
similar conditions, with a mixture of alcohol (50 per cent.) and aniline, 

1 Loc. cit 
1 Ibid., p. 757. 



ACTION OK AMINES ON PHTHAUC ACID. 


1329 


the products consisted of unchanged acid, phenylimide and a compound , 
melting at 199- 200 °. It was not attacked by boiling with aqueous 
solutions of potassium hydroxide, or hydrochloric acid; boiling with 
alcoholic solutions of the same reagents produced only a slight effect. 
These results lead to the conclusion that the substance is probably 4-nitro- 
phthalodianilide , O 2 NC 0 H 3 (CONHC (l H-) 2 , which does not appear to have 
been described hitherto. The material available was insufficient for an 
analysis. 

Preparation of 4-Nitrophthalo-^-na phthyla midac Acid. — This acid, 
C 10 H 7 NHCOC fl H 3 (NO 2 )CO 2 II, was prepared by adding pf-naphthylamine 
to 4-nitroplithalic anhydride, both substances being dissolved in acetone, 
or benzene. The precipitate which is formed is collected, dried, dissolved 
in an aqueous solution of potassium hydroxide, the liquid acidified with 
hydrochloric acid and the precipitated solid recrystallized several times 
from a mixture of acetone and benzene. In this manner we obtained 
the acid in light yellow crystals, melting at 202-4 0 . It dissolves in a 
cold, aqueous solution of sodium carbonate and is reprecipitated by hydro- 
chloric acid. The acid is readily soluble in acetone, ethyl acetate, alco- 
hol, or ether, less readily in chloroform and practically insoluble in ben- 
zene. Found: N, 8.21 , calculated, 8.33 per cent. 

Derivatives of Camphoric Acid. - Catnpliorphenylamidic acid, 
C 6 H ri NllC0C H II l4 C0 2 lI, was prepared without difficulty by the method 
of Auwers and Schleicher; 1 it consists in boiling camphoric anhydride, 
aniline and chloroform during 3 hours. The product was reerystallized 
from alcohol. 

( amphor-[Pnaphlh)lamidtc acid , C 10 li 7 NHCOC s II 14 CO 2 H, was prepared 
in a similar manner to the phenyl derivative, except that the heating 
was continued during 5 hours. The chloroform was then evaporated, 
the residue dissolved in a warm, aqueous solution of sodium bicarbonate 
and the amidic acid precipitated from the clear solution by means of 
hydrochloric acid. After solution in alcohol the compound was 
obtained in white crystals, melting at 22 o-i°. Found: N, 4.39; 
calculated, 4.30 per cent. 

The acid dissolves readily in acetone, alcohol, ethyl acetate, chloro- 
form, or ether; it is slightly soluble in benzene and in hot water. In 
solution the acid reddens blue litmus paper and it dissolves in a warm, 
aqueous solution of sodium carbonate. The sodium and potassium salts 
are somewhat colloidal and soapy. 

Neither camphorphenyl- nor ,5-naphthylamidic acids could be trans- 
formed into the imides at the temperature of a boiling water bath. The 
experiments were made in alcoholic solution (50 per cent.), the heating 
continuing during 35 minutes in the case of the phenyl compound and 
1 Anti., 309, 341. 
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6 hours in that of the ^-naphthyl derivative. The addition of aniline 
or quinoline to the alcoholic solution of the phenylamidic acid and of 
/?-naphthylamine to that of the /?-naphthylamidic acid produced no effect. 
It is clear, therefore, that these two acids resemble the aliphatic amidic 
acids and differ from those of the aromatic series. 

Summary. 

1. We have prepared a number of phthalamidic acids of the type 
RNHCOQXCOjH, where R = phenyl or ^-naphthyl and X represents 
H*C 1 *, Cl, or H 3 N 0 3 . 

2. The behavior of these acids when heated with alcohol alone and 
also with alcohol and amines has been studied. 

3. The accumulation and approximation of negative groups in the 
phthalic acid nucleus favors the formation of diamides, C fl X(CONHR) a , 

ro 

rather than that of imides, C e X < qq > NR. 

4. Camphoramidic acids, RNHC 0 C 8 H u C 0 2 H, (R — C ft H 6 or /?-naphthyl) 
resemble the corresponding aliphatic acids and not those of the aromatic 
series. They are stable under the conditions employed. 

5. A number of new compounds are described, and improved m£thqds 
have been worked out for the preparation and purification of certain 
substances which had been obtained previously by other chemists. 

The investigation is being continued in various directions. 

McMaster University. 

Toronto, Canada. 


THE BASIC PROPERTIES OF OXYGEN: COMPOUNDS WITH BRO- 
MINE AND IODINE. 

By D. McIntosh. 

Received August 5, 1910. 

Two addition compounds of ether and bromine are known. One, 
which we may call the tribromide (m. p. 22 °) 1 consists of three, and 
the other, the dibromide (m. p. — 40 °) 2 , of two atoms of bromine to a 
molecule of ether. 

The constitution of the dibromide may be explained in several ways, 
assuming the oxygen to be quadrivalent and the bromine uni- or tri- 
valent. The tribromide, however, can be conveniently expressed only 
by doubling the formula and writing it C 4 H io O = Br — Br = Br — 
Br *= Br — Br = OH t0 C 4 ; and as nothing is known against this mode 
of representing the dibromide, either in regard to its molecular weight 
or its reactions, its formula, too, may be doubled, (C 4 H l0 O — Br — 
Br^Tlr-Br - OH 10 C 4 ). 

* Schfitzenberger, Ann., 167, 86 (1873). 

* Trans. Cham. Soc. (London) 87. 784 (1905). 
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In a recent paper Chelintzev and Kepovalov 1 criticize these formulas 

sBr 

and attempt to show that the dibromide has the constitution C 4 H 1(l O^ . 

As I have tried to determine the molecular weights of these and similar 
compounds, a brief account of the work may be useful; and while it has 
been found impossible to decide on the correct formulas it can at least 
be shown that Chelintzev and Kepovalov misinterpret the results of 
their experiments. 

These investigators prepare what they believe to be [the dibromide 
ether complex by adding absolute ether to pure bromine. After the 
reaction is complete, the excess of ether is removed by heating to 30 0 
under reduced pressure. They obtain an oily orange-red liquid, etc. 

Under such conditions the dibromide is not formed but a mixture 
of substitution products colored by bromine is produced as repeated 
analyses have shown. The dibromide can be prepared only with the 
greatest care at a low temperature. Then it may be obtained with 
less than l / 20 per cent, hydrobromic acid. Above its melting point ( — 40 °) 
substitution takes place, so that a mixture of bromine and ether may 
contain a large amount of acid. 

In parallel columns are placed the properties given to the compound 
by Chelintzev and his collaborator and those of the pure dibromide. 

Clielintssev a ml 

Kepovalov McIntosh 

Orange-red liquid. Bromine colored liquid. 

Soluble in benzine, benzene and carbon di- Decomposed 
sulphide on warming, precipitated on 
cooling. 

Soluble in chloroform. Largely decomposed. 

Partly soluble in carbon tetrachloride. “ * 

Soluble in ethyl alcohol and ethyl acetate “ “ 

with heat evolution. 

Changed slowly by KOH solution. Instantly decomposed. 

Acid fumes evolved in strong sulphuric acid . “ " 

Little affected by sodium acid sulphite " u 

solution. 

Slowly acts on potassium iodide solution. Instant decomposition with liberation of 

iodine 

Heat of formation 9130 cal. Under 2000 cal. 

These investigators find the molecular weight of their compound in 
acetic acid by the cryoscopic method to be about 240. The dibromide, 
however, is decomposed by this solvent and its molecular weight cannot 
be determined. 

Freezing-point measurements of this substance were made with chloro- 
form (m. p. — 63°) as solvent. The compound was partly decomposed, 
1 Bar., 1531 (*909)- 
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and the freezing-point lowerings, although a little less than the sum of 
the ether and bromine depressions determined separately, could not be 
used to fix its molecular weight. 

An attempt was made to determine the molecular weight of these 
bromides by Ramsay and Shields’ method. The figures for the tri- 
bromide 1 may be given : 

Formula Taken for Calculation C 4 H l0 OBr a . 


T. 

r( Mvm 

25-9 

1229.5 

29.6 

1223.0 

37.2 

1201 .2 

45 0 

II 75-3 


When plotted these members lie approximately in a straight line. 
Between 25 0 and 45 0 — * 2.85 while for normal compounds 


the value is 2.12. Clearly the compound is largely dissociated. The 
dibromide separates into two layers io° above its melting point. It, 
too, is largely dissociated. 

These results show that the ordinary methods of molecular weight 
determinations are not applicable to these oxonium compounds, and 
that the formulas must remain in doubt until other methods are de- 
vised. 


While examining the action of bromine and chlorine on the alcohols, 
ketones, etc., in 1905, a large amount of time was spent in attempting 
to produce analogous compounds with iodine. Quite recently Waentig- 
has made some experiments on this point and believes that he has ob- 
tained addition products at low temperatures. 

When a solution of iodine in alcohol or acetone is cooled to — 80 0 
or — 90° the iodine may separate and be mistaken for a compound, but 
when carefully dried at a low temperature analyses show the product 
to be iodine contaminated with a little of the organic solvent. With 
ethyl acetate mixed crystals of the solvent and iodine may be obtained. 

Bromine and chlorine when dissolved in organic substances contain- 
ing oxygen give a noticeable heat evolution; iodine a slight heat ab- 
sorption. 

If iodine gives compounds analogous to those formed by the other 
halogens, the reaction between iodine and ether may be represented by 
the equation 

, c 4 h 10 o A + i 3 ±^c 4 n w oi a 

'“OT K * B/A, where K is the equilibrium constant, and B and A the 
1 The tribromide always contains several per cent, hydrobromic acid. 

* Z. physik. Chem. t 68, 1513 (1909). 
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concentrations of the substances involved. 

From van’t Hoff’s equation 

logK, - log K, = ^(t, 4 .) 

Where and K 2 are the equilibrium constants at the temperatures 
T, and T 2 , T 2 being the higher, and q the heat of formation of A. Since 
q is positive 1 K 2 must be larger than K x or less of the compound is pro- 
duced at a low temperature than at a higher one. It seems probable, 
then, that these compounds cannot be produced in a reasonably pure 
state by cooling their solutions to a low temperature. 

McGill. University. 


[Contribution from Tin; Chemical Laboratory - , Universitv of Illinois..! 
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i. Types of Chemical Reaction. 

In the study of molecular rearrangements of carbon compounds, two 
types of chemical reactions are noted; the reversible and non-re versible. 3 
Tautomerism furnishes many examples of molecular rearrangements 
of the reversible type. Wislicenus showed, in the case of formylphenyl- 
acetic ester, 4 that in certain solvents an equilibrium between the two 
isomeric forms is established, which equilibrium is dependent upon tem- 
perature, concentration, and the nature of the solvent. Molecular re- 
arrangements of the non-reversible type are illustrated by the change 
of A 3 unsaturated acids into their A 1 isomers by boiling with alkalis. 

A further study of reversible and non-reversible molecular rearrange- 
ments shows that certain rearrangements occur when atoms are added 
to or substracted from the original molecule, while in many other cases 
the rearrangement consists only in the readjustment of the atoms already 
present in the molecule. Molecular rearrangements of the former class 

1 Contrast Hildebrand and Glascock, This Journal, 31, 26 (1909). 

* Presented in abstract at the Boston meeting of the American Chemical Society. 
From the author’s thesis in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy at the University of Illinois. 

* For a definition of these terms see Nernst, Theoretische Chemie, Sechste Auflage, 
especially pages 668-70. 

4 Wislicenus, Ann., 306, 322 (1899); 300, 206. 
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will be termed rearrangements with reaction while those of the latter 
class will be called true rearrangements or rearrangements without re- 
action. Tautomeric changes illustrate true rearrangements of the re- 
versible type, while the change of A 2 unsaturated acids to their A 1 
isomers furnish illustrations of non-rev ersible rearrangements of this 
class. The historic rearrangement of pinacone to pinacolin by the 
elimination of water illustrates a rearrangement with reaction. The 
following discussion will deal mainly with true rearrangements of the 
non-reversible type. 

2. Formation and Stability of Compounds that Rearrange. 

It has often been suggested by chemists that molecular rearrangements 
occur in the direction to produce a more stable substance. Before this 
idea can be developed it is necessary to consider carefully the conditions 
under which compounds rearrange, as well as the nature of the com- 
pounds. Nerast 1 states: “The fact that reaction velocity in chemical 
systems is usually extraordinarily small, no matter how far removed 
from the point of equilibrium, is of the very greatest importance for our 
knowledge of chemical compounds. Probably nine-tenths, or rather 
ninety-nine one hundredths, of all organic compounds would never h^ve 
seen the light of day if they had proceeded to their stable conditions* 
with greater velocity. The many polymeric hydrocarbons of the formula 
C w H n could not exist at the same time if they all tended to go at once 
to the system of greatest stability corresponding to the formula C n H w . 

In the sense of the preceding, organi-c chemistry is peculiarly the region 
of unstable compounds , and these either go over to a more stable form very 
slowly in a measurable time or else not at all. In most cases heat only 
accelerates a reaction — whether a decomposition or a union — which would 
take place spontaneously, though, to be sure, perhaps only during the 
lapse of, say, a thousand years.” 

Baeyer, in his work upon terephthaiic and phthalic acids, furnishes 
the experimental part to Nernst’s discussion. Terephthaiic acid upon 
reduction in the cold with sodium amalgam, in the presence of carbon 
dioxide to remove the hydroxyl ion, gives A 2,5 -dihydro terephthaiic acid. 
This acid rearranges to the A 1 ’ 5 isomer upon warming with water. The 
A 1,fi acid, when boiled in the presence of hydroxyl ions, gives the A 1 ’ 4 - 
dihydroterephthalic acid. Baeyer concluded that the A 2,5 -dihydro acid is 
the most unstable, while the A 1 ' 4 isomer is the most stable. Using a 
more vigorous reducing agent, namely sodium amalgam in the absence 
of carbon dioxide gas, he obtained no A 2 ’ 5 -dihydro terephthaiic acid, 
but more stable products. On the other hand, the reduction of phthalic 
acid at a higher temperature by sodium amalgam in the absence of car- 
bon dioxide gives the most stable tetrahydrophtbalic acid. No unstable 
1 Nerast,, Theoretical Chemistry. Translation of revised 4th German edition, 672. 
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intermediate dihydro or more unstable isomeric tetrahydro acids could be 
formed under these conditions, so that molecular rearrangements are 
not possible, because the product first formed by the reduction is the 
most stable. Thus the conditions under which compounds must be 
formed which undergo true molecular rearrangements of the non- reversi- 
ble type, become evident, namely that the reagents used at the time 
of formation as well as the speed of the reaction must be such that un- 
stable compounds are produced. 

3. Catalysis of Speed of True Rearrangements of the Non-reversible Type. 

According to Nernst the unstable compounds, considered above, may 
be going over to a more stable state very slowly in a measurable time or 
else not at all. It is evident that true rearrangements of the non-reversi- 
ble type occur in unstable compounds which go, spontaneously, to a more 
stable state. In the case of the rearrangement of A*» 5 -diliydrotere- 
phthalic acid to the A 1 ' 6 isomer, simply heating with water caused the 
reaction to be complete in a short time. In many other cases heat is 
the only thing necessary to complete the rearrangement in a short time. 
The A l > 5 -dihydroterephthalic acid rearranged to the A*> 4 isomer when 
boiled with hydroxyl ions. Thus it appears that the reagents used in 
true rearrangements of the non-reversible type are catalysts to the speed 
of the rearrangement and in their presence reactions which might take 
thousands of years are completed in a few minutes. Goldschmidt and 
Reinders 1 have proved this to be the case for the change of diazoamino- 
benzene into aminoazobenzene. A thorough study of the catalytic in- 
fluence of the reagents added to hasten true rearrangements of the non- 
reversible type will be made in the near future. 

4. A Correlation of True Molecular Rearrangements of Acids and Bases, 

Belonging to the Non-reversible Type, With the Free 
Energy of Ionization. 

Under 2 it was shown that the reaction velocity and stability w T ere of 
fundamental importance in the study of rearrangements of this type, 
so that some measure of these factors must be found. Reaction velocity 
is readily determined by the amount of the substance changed in a given 
time, but a measure of stability is not so readily obtained. The term 
stability is frequently used in a vague way. It has an exact meaning 
only when the conditions are specified, as will be seen in the following: 
The above quotation from Nernst makes it evident that when a reaction 
takes place spontaneously (or may so take place if sufficient time is given) 
the initial substance is unstable with respect to the final and hence there 
is a decrease in free energy during the change. As stated above, in true 
rearrangements of the non-reversible type, the initial substance is slowly 
changing into its isomer even in the absence of a catalyzer. Thus the 
initial substance in such a rearrangement must be unstable with respect 
1 Ar«i * 9 i 1369* 1899 6 * 96 )- 
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to the final substance. Yet, as stated in the quotation from Nemst, 
the final substance may be unstable with respect to other substances 
as, for example, to the elements carbon, hydrogen, and oxygen. Hence 
in the previous discussion stability toward rearrangements is meant 
whenever the term is used. 

In seeking a criterion of stability in true rearrangements of the non- 
reversible type, the logarithm of the ionization constant of acids and 
bases has been chosen. From the second law of thermodynamics, the 
expression, A = RTlnK , is obtained, in which 
A is the free energy of ionization, 

R is the gas constant, 

T is the absolute temperature, and 
K is the ionization constant. 

The free energy of ionization of acids and bases is “the change in free 
energy" as expressed by the reaction HA H + -f A' for acids and 
ROH 7^ R + + OH~ for bases when the initial and final substances are 
at unit concentration. Therefore, the above expression gives a measure 
of the free energy of ionization in terms of the ionization constant and 
shows that the free energy of ionization is directly proportional to the 
natural logarithm of the ionization constant. Since that acid is most 
stable toward ionization which possesses the smallest amount of free , 
energy of ionization, it is evident that when one acid has a smaller ion- 
ization constant than another the change in the free energy of ioniza- 
tion is smaller and its stability with respect to ionization is greater. There- 
fore to determine the relative stabilities of two acids in terms of the free 
energy of ionization, we need only to compare the logarithms of their 
ionization constants. 

In the following table examples of true rearrangements of the non- 
reversible type are given. The Briggsian logarithm of the ionization con- 
stant of each acid or base that undergoes the rearrangement is given in 
column 6, and that of the isomer resulting from the rearrangement is 
given in column 7. From this table it is evident that the free energy 
of ionization of the initial substance is greater than that of the final sub- 
stance and that during the rearrangement there has been a decrease in 
free energy. The final substance is, therefore, more stable toward ioniza- 
tion than the initial substance. As stated above, the final substance in a 
rearrangement of this type must be the more stable* toward rearrange- 
ment, so that that acid or base is most stable toward rearrangement 
which is also most stable toward ionization as Table I shows. Hence, 
the final (stable) substance in a series of true rearrangements of the non - 
reversible type\has a smaller ionization constant (or free energy of ioniza- 
tion) and the^logarithm of the ionization constant may therefore be taken 
G0 a crUerion^of stability in these rearrangements. 

The meaning of the classes referred to in Table I will be explained 
im the $qal section <tf this article. 
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5. Rearrangements of Unsaturated Acids. 

The most thorough test of the principle that true rearrangements of 
acids or bases of the non-reversible type take place in the direction to 
decrease the free energy of ionization is that given by the unsaturated 
acids. Rearrangements of such acids are vso common that Thiele's par- 
tial valence theory was advanced for the explanation of the reason that 
A 1 , 3 unsaturated acids gave A 2 unsaturated acids upon reduction. 
Further in the literature on unsaturated acids it is constantly noted that 
A 3 unsaturated acids rearrange to the A 1 isomer, etc. 

Fichter and Pfister 1 first called attention to the fact that the A 2 un- 
saturated acids of the aliphatic series give a greater ionization constant 
than any of their isomers. The following figures and data will show 
this principle to be generally true in both open-chain and ring unsatura- 
ted acids. In the figures, the ordinates give the Briggsian logarithms of 
the affinity constants while the abscissas give the positions of the un- 
saturation in the acids, given in the table following the figures. The 
logarithm of the affinity constant is used rather than the algebraic value, 
since the free energy of ionization is proportional to a logarithmic func- 
tion of the affinity constant and, also, since a comparison of the relative 
stabilities of the acids toward ionization is desired. 

The principle of Fichter and Pfister appears to be general and not a 
single exception to it is known, while the data given in Table II show 
that it has been tested for twenty acids. In the case of A l -tetrahydro- 
phthalic acids an apparent exception to this rule is found, which disap- 
pears if we start the nomenclature with the other carboxyl so that the 
A 1 and A 2 * positions are interchanged. The position of the double union 
then corresponds to that given in the other 18 acids. As Table I shows, 
these acids all rearrange in the direction to decrease the free energy of 
ionization so that it may be stated as a general rule that whenever the un- 
saturation is A 2 with respect to a given carboxyl group true rearrangements 
of the non-reversible type are possible . 

Thiele and others have found that At 3 unsaturated acids upon re- 
duction give the A 2 acids, which, according to the above paragraph, 
are the most unstable toward ionization of any of their isomers, and re- 
arrangements would be predicted and have been observed quite generally. 
Nemst states that such unstable isomers are formed under conditions 
where the speed of reaction at the time of formation is very slight. The 
above discussion of the reduction of the terephthalic acid showed that 
when precaution was taken to maintain conditions of slow speed of re- 
action and to use weak reducing agents the A 2 » 5 unsaturated acid resulted. 

1 Fichter and Pfister, Ann., 334, 203 (1904). 

* See Tables I and II. 
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This acid has both double unions A 2 to carboxyl groups. It should 
have the greatest amount of free energy of ionization according to the 
principle of Fichter and Pfister and should undergo rearrangements, 
which agrees with the experimental facts as shown above. Hence it is 
evident that the compounds from which Thiele deduced his theory of partial 
valence f as well as other acids which obey the same rule , must be compounds 
which arc formed with weak reducing agents involving small energy changes 
and where the speed of reaction is small so that compounds result which are 
very unstable toward ionization , and therefore toward rearrangement. 

Table I!.- - Data for Fig. i. 

Ionization coustant. 


Curve 


number 

I* 

Name. 

A 2,8 ~Dihydrophthalic acid . 

A 2,5 -Dihydrophthalic acid 

A 2M -Dihydrophthalic acid 

K. 

1 .65X io" 4 
2.46 Xio*" 4 
1.5 Xio~ 4 

Log. AfX io ft . 

2 218 

^•392 

2.177 

2 

A ^Dihydro-a-naphtliylic acid 

A 2 -Dihydro-a-naphtliylic acid 

8 1 X io* 5 

1 14X10” 4 

1 .909 
2.058 

3* 

A 2 -Tetrahydrophtlialic acid. . 

A ‘-Tetrahydrophthalic acid 

7 5 X io - * 

. 1 >8 X io -4 

1 876 

2 O725 

4 

A 1 -Dihydro-/?- naph tliy lie acid 

A 2 -Dihydro-/?-naphthylic acid . . . 

. 2.9 X io* 5 

5 . 1 X io“ 5 

1 463 

1 772 

5 

A ^Tetrahydrobenzoic acid 
A 2 -Tetrahydrobenzoic acid ... 

2.2 1 X io* 5 
3.05X io“* 

1 345 

1 4»5 

U 

A '-Hexenoie acid ... ... 

A 2 -Hexenoic acid 

A 3 -Hexenoic acid 

1 89 X io“ 5 

2 64 X io“* 

. 1 74 X io“ 5 

1 .91 X io~ 5 

1 277 

1 .428 — 
1 241 

1 282 


A 4 -Hexenoic acid 

m 

A *- Pentenoic acid 

1 .48 Xio” 4 
. 3 .35X io~ 5 

. 2 .09 X io” 5 

1 172 


A 2 -Pentenoic acid 

A 3 ~Pentenoic acid. . 

1.526 

1 .3 22 

8 

A ^Cydohepteue carboxylic acid. . . . 
A 2 -Cycloheptene carboxylic acid. . , . 

. 8.3 Xio" 8 

. ^.7 X 10“ * 

0 919 

1 .432 


6. Illustrations of True Rearrangements of Non-reversible Type. 

The following table is a list of some of the more important true rear- 
rangements of the non- reversible type. Many other illustrations of the 
rearrangements of A 2 unsaturated acids to their A 1 isomers are known 
for which no measurements of the ionization constants have been made. 
Yet in the light of the above discussion it is safe to conclude that they 
take place in the direction to decrease the free energy of ionization. 

* See Section 5. 
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7. Rearrangements with Reaction. 

In Table IV a few examples of molecular rearrangements with reac- 
tion are given. The numbers in the first column of the table refer to 
the classes of Table V. With rearrangements of this type, it is much 
more difficult to distinguish any regular behavior. If such rearrange- 
ments are grouped according to the kind of reaction by which they are 
formed, some uniformity is obtained. Thus rearrangements taking 
place simultaneously with dehydration appear to be due to the fact 
that a free radical cannot exist for a measurable time or that a possible 
intermediate ring compound is too unstable toward rearrangement to 
exist. This is illustrated by the pinacone-pinacolin^change: 


( CH a ) 2 C ( OH ) . (OH ) C . (CH 8 ) , 

Pinacone. 


(CH 3 ) 2 - C - C(CHj) 2 


o — 

Free radical. 


4 H,0 


(CH 1 ) I - C - C(CH S ), — (CH S ) 3 .C - C.CH, 

\/ II 

o o 

Unstable ring compound. Pinacolin. 

In the case of the reduction of the unsaturated acids, the speed of the 

reaction and the strength of the reducing agent control the rearrangement. 
For example, if A P3 -dihydrobenzoic acid is reduced in the cold b/ sq- 
dium amalgam, the A 2 ~tetrahydro acid results, and there has been a shift- 
ing of the double union either from the A 1 or A 8 position to the A 2 
position. If this same reaction is performed with the same reagents at 
a higher temperature the A ^tetrahydrobenzoic acid results and there 
has been no shifting of either double union. A review of Fig. 1 and 
Tables I and II shows that the acid having two double unions within the 
molecule possesses more free energy of ionization than any of its dihydro 
reduction products. Further, the figure shows that the A 2 unsaturated 
acid has the greatest amount of free energy of ionization of any of its 
isomers. Hence, when A 2 -tetrahydrobenzoie acid was formed by the 
reduction of A 1 ’ 8 -dihy d robenzoi c acid, the decrease in the free energy 
of ionization was a minimum and a double union was shifted. With the 
same reagents, at a higher temperature, i. e ., where the speed of reac- 
tion was greater, reduction of the A 1 ’ :} -dihydrobenzoic acid gave the 
A^tetrahydrobenzoic acid. The data for Fig. 1 show that the difference 
in the free energy of ionization of the A 1 ' 3 acid and its A*-dihydro reduc- 
tion product is much greater than in the case above where the A 2 -dihy- 
dro reduction product was formed. Further, the formula for these 
acids show that there has been no shifting of the double union in the 
latter reduction. Therefore, when the reduction of unsaturated acids con- 
taining more than one double union takes place so that the decrease in the 
free energy of ionization is a minimum , compounds form simultaneously 



A 1,3 -Dihydrobenzoic acid A etrahydrobenzoic acid Reduction 4- heat 

Triphenylmetliane dyes Tiyplienylinethane color bases Hydration 

Isogeraniolene v-Trimethyll>en/ene Bromination and dehydration 

Isogeranioiene Pseudoeurnene Bromination and dehydration 

* See Section 5 
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with a rearrangement and these compounds , in turn , will undergo rearrange- 
ment. 

This class of rearrangements furnishes many fine illustrations of 
Ostwald’s law of successive reactions . l 

8. Review of the Field of Molecular Rearrangements. 

The conclusions, given in the preceding paragraphs, are based on a 
general review of the field of molecular rearrangements. In this review, 
the need of a classification of the mass of material included under the 
term molecular rearrangement has been very evident. Not only should 
such reactions be classified as reversible and non-reversible rearrangements 
of the types discussed above, but the behavior of the different radicals 
should be thoroughly studied. 

Classes of Known Rearrangements. 

Table V has been developed to show the present state of the problem 
of rearrangement. In the first vertical column a partial list of the ele- 
ments and radicals has been given. In the first horizontal row is given 
the elements between which the rearrangement occurs, while the second 
horizontal row gives their position in the compound, that is, whether 
in the ring or side chain. The third horizontal row gives the class 
to which each rearrangement of a given group is assigned. In tlie first 
horizontal row the letter stands for the atomic symbol of the element 
and the arrow shows the direction of the rearrangement. In the second 
row Op stands for open chain, R for closed chain or ring, Op — £ R for 
open or side chain to closed chain, and R — > Op from closed to open 
or side chain. Thus to read the behavior of the alkyl group for class I, 
it is evident that the alkyl group will rearrange from carbon to carbon 
in the open chain; or for class 8, it is evident that the alkyl group may 
rearrange from carbon in the ring to oxygen in the side chain. Those 
rearrangements which are theoretically impossible because of the law of 
constant valence are designated by the sign x, while those impossible 
for the trivalent but possible for the pentavalent nitrogen are designated 
by the sign v. 

To show the present state of knowledge of the phenomenon of rear- 
rangements, the following system of marking is employed in the vertical 
columns beneath the classes : 

o designates occasional occurrence, 
c designates commoi$?>ccurrence, and 
r designates rare occurrence. 

Doubtless the above scheme is incomplete so far as the known cases 
are concerned, but it must be borne in mind that such a table when com- 
pleted will demand many years of careful reading, especially in a field 
where systemization has not been attempted. 

1 Ostwald's Lehrbuch , II, 2, 445. 
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Table V. 



Table VI. — Illustration of the Different Classes of Molecular Rearrange- 
ments Given in Table V. 



Radical 

Rearrangement. 


Class, element. 

Before. 

After. 

I 

Alkyl 

Pinacone 

Pinacolin 


Aryl 

Tetraphenyl ethylene 

Benzoyltriphenylmethane 


Hydrogen 

Dihydrosorbic acid 

A ‘-Hexenoic acid 


Double union 

Dihydrosorbic acid 

A ^Hexenoic acid 

2 

Alkyl 

gcm-Dimetliyldihydroresorcinol 

Dichloro-o-xylene 


Hydrogen 

A 3 -Tetrahydrobenzoic acid 

A '-Tetrahydrobenzoic acid 


Double union 

A 2 -Tetrahydrobenzoic acid 

A ^Tetrahydrobenzoic acid 


Sul phonic 

Aniline-o-sulphonic acid 

Aniline-/>-sulphonic acid 

3 

Double union 

Fuchsine 

Rosaniline 

4 

Double union 

Rosaniline 

Fuchsine 

5 

Hydrogen 

Enol-acetoacetic ester 

Keto-acetoacetic ester 

8 

Hydrogen 

Keio-phloroglucinol 

Enol-phloroglucinol 


Double union 

Enol- phloroglucinol 

Keto-phloroglucinol 

9 

Alkyl 

Isoacetophenone ethyl ether 

Phenylpropylketone 


Acetyl 

Acetohydroxycrotonie ester 

Diacetoacetic ester 


Benzoyl 

Acetophenone- a- benzoate 

Dibenzoylmethane 


Hydrogen 

Keto-acetoacetic ester 

Enol-acetoacetic ester 


Double union 

Keto-acetoacetic ester 

Enol-acetoacetic ester 

ii 

Hydrogen 

Enol-phloroglucinol 

Keto-phloroglucinol 


Double union 

Keto-phloroglucinol 

Enol-phloroglucinol f 

13 

Aryl 

Phenylmethyl ketoxime 

Acetanilide 


Hydrogen 

Tautomerism — Amide 

Imide type 


Double union 

Tautomerism — Amide 

Imidol type 

14 

Hydrogen 

Phenylpyrazolone methyl iodide 

Phenylmethylpyrazole 

16 

Hydrogen 

Methylaniline 

o-Toluidine 


Double union 

Rosaniline 

Fuchsine 

17 

Alkyl 

Alkyl isocyanides 

Alkyl cyanides 


Aryl 

Phenyl isocyanide 

Benzonitrile 


Hydrogen 

Tautomerism — Imide 

Cyanide type 

18 

Alkyl 

Phenylpyrazole methyl iodide 

Phenyl methyl pyrazole 

19 

Alkyl 

Methylaniline 

o- and />-Toluidines 


Acyl 

Diacetanilide 

/>-Acetylacetanilide 


Hydroxyl 

Phenylhydroxylamine 

/>-Aminophenol 


Amine 

Phenyl hydrazine 

/>-Phenylenediamine 


Arylamine 

Hydrazobenzene 

Benzidine 


Nitro 

Phenyl-nitramine 

o- and />-Nitraniline 


Nitroso 

Nitrosamine of methylaniline 

/>-Nitrosomet hylaniline 


Hydrogen 

Tautomerism — Azo 

Hydrazo type 


Halogen 

Acylchloranilides 

^-Chloroacetanilides 


Sulphonic 

Sulphamic acid 

Aniline-n-sulphonic acid 


Double union 

Fuchsine 

Rosaniline 

21 

Hydrogen 

^-Nitrophenol 

/>-Isonitrophenol 

25 

Alkyl 

Imino ether of formanilide 

Ethyl fonnanilide 


Acyl 

£-Aminoacetophenol 

/>- Hydroxy acetanilide 


Benzoyl 

/j-Amino-benzoylphenol 

/>-Hydroxybenzanilide 


Carboxyalkyl 

Amino-phenylcar bonat e 

Phenol urethane 


Hydrogen 

Tautomerism — Amide 

Imidol type 

29 

Hydrogen 

Tautomerism — Amide 

Imidol type 
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This table, in conjunction with Tables III and IV, shows that hydro- 
gen, the double union (which in general is the same thing as the shifting 
of hydrogen) and the alkyl group are more generally rearranged than the 
other elements or radicals. Further, rearrangements occur much more 
frequently between nitrogen and carbon, the shifting occurring from side- 
chain nitrogen to ring carbon. The alkyl, acyl, aromatic acid radical, 
hydroxyl, amine, alkylamine, arylamine, nitroso, nitro, halogen and 
sulphonic radicals undergo this rearrangement (members of class 19). 
In general, however, the oxyalkyl, oxyaryl, and alkyl, aryl, nitro, 
nitroso, and haloamine groups do not rearrange as a whole, but rather the 
alkyl, aryl, nitro, nitroso and halogens shift from the oxygen or nitrogen 
to carbon. 

The classes given in the tables, refer to this scheme of classifica- 
tion, and Table VI gives illustrations of rearrangements of different 
elements and radicals belonging to these classes. 

Summary. 

1. Molecular rearrangements of carbon compounds are of the reversi- 
ble and non-reversible types of chemical reactions. 

2. Molecular rearrangements of carbon compounds must be further 
classified according as the rearrangement is simply a readjustment of 
the atoms already present in the molecule (true rearrangements) or as 
the rearrangement is due to atoms having been added to or taken away 
from the original molecules (rearrangements with reaction). 

3. Compounds which rearrange are formed under conditions where 
the speed of formation is a minimum so as to produce substances very 
unstable toward arrangements. 

4. The reagents present when a compound undergoes true rearrange- 
ment of the non-reversible type are catalytic to the speed of the rear- 
rangement. 

5. True rearrangements of the non-reversible type take place in the 
direction to produce substances more stable toward rearrangement. 

6. True rearrangements of acids and bases belonging to the non-re- 
versible type take place in the direction to produce acids and bases more 
stable toward ionization (i. e having less free energy of ionization) and 
therefore the logarithm of the ionization constant may be used as a cri- 
terion of stability in these rearrangements. 

7. An organic acid, which possesses a double union A 2 to its carboxyl 
group, has a greater free energy of ionization than any of its isomers 
and may, therefore, readily undergo rearrangements to produce isomers 
more stable toward ionization and rearrangement. 

8. A 2 Unsaturated acids are formed from A 1 * 8 unsaturated acids 
under the conditions where the speed of formation is a minimum, the de- 
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crease in the free energy of ionization is a minimum, and the stability 
toward rearrangement is a minimum. 

9. Many rearrangements with reaction are due to the fact that a 
free radical cannot exist, and after certain atoms or groups have been 
eliminated the very unstable radical resulting undergoes a readjustment 
of the atoms present so as to maintain the quadrivalent nature of carbon 
and produce a substance more stable toward rearrangement. 

10. A schematic review of the field of molecular rearrangements of 
carbon compounds is given by Table V, and Table VI gives illustrations 
of the classes of rearrangements designated in Table V. 

The author wishes to thank Dr. W. A. Noyes, of the University of 
Illinois, for his kind suggestions and criticisms of this paper and also Dr. 
W. C. Bray, of Massachusetts Institute of Technology, for his kind sug- 
gestions regarding Section 4. 

[Contribution from the Bureau of Chemistry, U. S. Dept, of Agriculture.] 

THE INVERSION OF CANE SUGAR BY INVERTASE. VII. THE 
EFFECT OF ALCOHOL ON INVERTASE. 

By C. S. Hudson and H. S. Paine. 

Received July 1 1, 1910. * 

ft 

Purpose of the Investigation. 

A knowledge of the action of alcohol on invertase is of practical im- 
portance for two reasons: first, alcohol is naturally present during the 
fermentation of cane sugar by yeast and the invertase of the yeast is thus 
normally in the presence of weak alcohol; and, second, alcohol is often 
used, though generally with little success, to prepare the enzyme in a 
solid form by precipitation from an aqueous extract of yeast. In order 
to learn what influence alcohol of different strengths has on invertase, the 
following investigation was made. The results show that the influence 
is exceedingly great and that it consists in three distinct actions, namely, 
an inactivation, a permanent destruction, and a precipitation of the 
enzyme. These actions will be described in the order named. 

The Inactivation of Invertase by Alcohol . — The activity of purified in- 
vertase in inverting cane sugar dissolved in various strengths of ethyl 
alcohol was measured at 30° by the usual method. Care was taken to 
have sufficient acetic acid in the solutions to insure that the maximum 
activity of the enzyme was attained, and the solutions were made alka- 
line at the end of the experiment to stop the enzymatic action and com- 
plete the mutarotation. The alcohol used was Squibb ’s or Baker's abso- 
lute alcohol and the concentrations are expressed as volume per cent. 
The activities are recorded in Table I as the velocity coefficients of the 
inysion, using minutes and decimal lagarithms and multiplying by 
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10,000 to avoid decimals. The results are also expressed graphically 
in Fig. 1. 

It is apparent that alcohol has a strong inactivating action on inver- 
tase even when the alcohol is dilute. The destruction of invertase by 
alcohol does not take place below about 20 per cent., as will be shown under 
the following caption, but the activity of the enzyme is markedly lowered 
by even a few per cent, of alcohol. The figure shows that the relation 



Fig. 1. — The influence of alcohol on the activity of invertase. 

between alcoholic strength and activity is not proportionality but may 
be represented as a logarithmic or hyperbolic function. On account of 
the fact that rapid destruction of the enzyme takes place in solutions 
above 30 per cent, alcoholic strength it is not possible to measure the 
activity of invertase in this region by the usual method; the theory of 
the modified procedure which has accordingly been used to measure 
the activity in 50 and 70 per cent, alcohol is given on page 1355 and the 
values which were found are included in the table and figure. 

Yhe inactivation of invertase by alcohol was noticed by O’Sullivan 
and Thompson, 1 and they state that the inactivation by alcohol is “in 
direct proportion with the amount present. Five per cent, alcohol de- 
creases the speed of the reaction by about one-half.” The results here 
given are somewhat different in detail from those quoted, because we have 
measured the inactivation for higher strengths of alcohol than were used 
by the previous investigators. It will be noticed that our results also 
1 J. Chem. Soc. t 37, 927 (1890). 
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show almost a linear relation between activity and alcohol strength for 
weak alcoholic solutions. 

Tabus I.- Activity of Purified Invertase in Aqueous Alcohol. 
(Temperature 30 °. Concentrations: Aqueous alcohol containing cane sugar 0.2 
normal, and acetic acid 0.02 normal; 100 cc. of this mixture were added to 10 cc. 
of purified invertase solution.) 


Concentra- 
tion of alco- 
hol (volume 
per cent.). 

Activity 

invertase 

Ki (10,000). 

Percentage 

activity. 

0.0 

80.0 

IOO 

4-3 

6l .O 

76 

9.1 

48.O 

60 

18.2 

30.0 

38 

27-3 

21 .O 

26 

50.0 

8.8 

II 

70.0 

6.4 

8 


The Destruction of Invertase by Alcohol . — The measurements of the 
destruction of invertase by alcohol were made by the method previously 
used in studying the destruction of the enzyme by acids and alkalies. 1 
The rate of the destruction follows the course of unimolecular reactions, 
as is shown by the following experiment. The value of the velocity 
coefficient of the unimolecular formula, k 2 , remains constant within the 
errors of experiment during the course of the destruction. 

Table II. — Unimolecular Order of the Destruction of Invertase by Alcohol. 
(Temperature 30 °. Alcohol 20 per cent, by volume. Maximum “ activities were 


measured.) 



Time. 

Activity of invertase 

Velocity coefficient 

Mi^tes. 

[Aj (iO.OOO)). 

8.98 

(**). 

15 

8. II 

O.OO295 

30 

7-33 

O.OO294 

45 

6.54 

0.00306 

75 

5-41 

O.OO293 

105 

4.66 

O.OO271 

165 

4 * *3 

0.00204 


Average, o 00277 

The rates of destruction of invertase which were found in varibus 
strengths of alcohol are recorded in Table III, the values of k 2 being ex- 
pressed in minutes and decimal logarithms and multiplied by 1,000 to 
avoid decimals. The results are also shown graphically in Fig. 2. 

The rate of destruction changes most peculiarly with the strengths of 
the alcohol, reaching a pronounced maximum at about 50 per cent. Pre- 
sumably the protective action of strong alcohol is due to its precipitating 
the invertase, or some other substance whose precipitation protects the 

/ 1 This Journal, 32, 778 (1910), 
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Table III. — Rates of Destruction of Invertasb by Alcohol. 


Concentration 
of alcohol 
(volume percent.). 

Rate of destruction 
X (i.ooo) j. 

Concentration 
of alcohol 
(volume per cent.). 

Rate of destruction 
[*jX (1,000)] 

O 

O 

50 

850 

IO 

O 

55 

570 

20 

3 

60 

240 

30 

44 

70 

74 

40 

260 

80 

7 

45 

487 

90 

2 


invertase, as a visible precipitation begins at or near the strength of 50 
per cent., at which the maximum of the curve falls and the protective 
action begins. If the curve to the left of the maximum is alone regarded 
as the curve of the destruction in solution, it is noticed that it is very 
similar to the curve for the destruction of the enzyme by acids and alka- 



Fig. 2, — The destruction of invertase by alcohol. 

lies. 1 It appears, therefore, that the destruction by alcohol in homo- 
geneous solution is due to a decomposition of the invertase similar to the 
hydrolytic decompositions that are presumably the cause of the destruc- 
tion by acids and alkalies. The practical application of the results on 
alcoholic precipitation is given on page 1356. 

The Action of Cane Sugar in Preventing the Destruction of Invertase . — 
In order to learn whether cane sugar protects invertase from destruction 
by alcohol, the rate of destruction in a 0.2 normal solution of cane sugar 
in 50 per cent, alcohol was measured at 30 0 by the method already de- 
scribed. A correction was applied for the rotation of the sugar in the 
1 This Journal, 32, 779. 
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samples as they were removed to test their activities. The method of 
preparing the mixture of cane sugar, aqueous alcohol, invertase, and 
acetic acid is shown in the description of the experiment recorded in Table 
V ; the results on the rate of destruction are given in Table IV : 

Table IV.— Rate of Destruction of Invertase in 50 Per cent. Alcohol ‘Con- 
taining 6 Per cent, of Cane Sugar. 


Time 

Activity of sample 
(*1). 

Velocity coefficient 

Minutes, 

(*a) 

O 

0 00049 


30 

0 00024 

O OIO 

60 

O.OOO16 

O 008 


Average, 0.009 

The rate of destruction is far less than that shown for 50 per cent, alco- 
hol in Table III, namely 0.850. The cause of this difference can lie only 
in the fact that cane sugar was not present in the latter experiments. 
Several other experiments have given results agreeing with these in show- 
ing that cane sugar exerts a very strong influence in protecting invertase 
from destruction by alcohol. O’Sullivan and Tompson 1 have shown 
that cane sugar protects invertase from destruction by hot water, and it 
is well known among distillers that diastase is not so easily destroyed by 
hot water, if maltose is in the solution ; it is then an analogous f&ct that 
cane sugar protects invertase from the action of alcohol. The most 
plausible explanation is that these sugars combine with the enzyme, 
and the resulting compound is not so easily attacked N by alcohol or 
hot water. 

Theory of tlj^Rate of Inversion of Cane Sugar during the Destruction of 

the Invertase. 

The rate of inversion of cane sugar by invertase in dilute solution fol- 
lows the unimolecular order, and it has just been shown that the rate of 
destruction by alcohol does the same. If invertase is added to a solu- 
tion of cane sugar in aqueous alcohol of a strength which destroys the en- 
zyme, there occur two simultaneous reactions, the inversion of the cane 
sugar and the destruction of the invertase. The theory of these depend- 
ent or coupled reactions is as follows: At constant temperature start 
with a solution containing A gram molecules of cane sugar per liter and 
/ units of invertase. After the lapse of t minutes let there be in the solu- 
tion i units of invertase and (A — x) gram molecules of cane sugar. The 
rate of destruction of the invertase is 

— dijdt = (1) 

in which k t is the velocity coefficient of the destructive reaction. The 
integral of Equation 1 under the condition that i — / when t — 0 is 

i * Ie ~ kit . (2) 


1 J. Chem. Soc. t 57* 900 (1890). 
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The rate of inversion of the cane sugar is 

dxjdt = k t ( A — x) ijl k x (A — x) e"***, (3) 

where k x is the velocity coefficient of the inversion when / units of inver- 
tase are present. The integral of Equation 3 under the condition that 
x « 0 when t = 0 is 

log A/A—x = kjk 2 (r — (4) 

Equation 4 has been used in finding the velocity of inversion of cane 
sugar by invertase (k x ) in 50 per cent, alcohol. A mixture of 600 cc. of 
0.2 normal cane sugar solution in 55 per cent, alcohol (which was also 
o 02 normal with respect to acetic acid) with 60 cc. of dialyzed invertase 
solution was kept at 30° and the progress of the inversion measured 
polarimetrically from time to time, the samples being made alkaline 
before each reading of the rotation. In Table V the rate of this incom- 
plete inversion of cane sugar by invertase in 50 per cent, alcohol is re- 
corded. The quantity of cane sugar present (A) is expressed in degrees, 
A ==48.1 (1.267) 1 ==■ 6 r 6, and the quantity of cane sugar present at 
any time t is A — x — r -f 48.7 (0.267), where r is the reading of the 
solution. The value of k 2 is taken from Table IV as 0.009. 

Table V- Course of the Incomplete Inversion of Cane Sugar by Invertase 


in 50 Per cent. Alcohol 


Time 

Minute*. 

Rotation 

<>) 

*1 

T 

** . 

lo s 

— 10 

O 

48 7 



15 

44 8 


0 00094 

30 

42 3 


0 00091 

45 

60 

40.9 

39 0 


0 ooc^7 
0.000^ 

90 

38 5 


0.00083 

120 

37 7 


0 00083 

24O 

36 0 


0 . 00086 

36O 

35 6 

Average, 

0.00094 

0 00088 


The values of k t in the last column, as calculated from Equation IV, 
are sufficiently constant to show that the reaction follows the laws that 
were assumed in the theory, within the limits of the present experimen- 
tation. It was found that the activity of the invertase when no alcohol 
was present was k x - 0.0080. If this rate in pure water is taken as 100, 
the rate in 50 per cent, alcohol is then 11. Similar experiments have 
shown that in 70 per cent, alcohol the rate of inversion, on the basis of 
100, is 8. These values for the activity in 50 and 70 per cent, alcohol 
are included in Table I. 

The Precipitation of Invertase by Alcohol . — Alcohol precipitates inver- 
The Clerget factor at 30°; see J. Ind. Eng. Chem., 2, 144 (1910). 
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tase* and it is in this way possible to prepare a solid enzyme, though noth- 
ing regarding its purity can be predicated at present. It is a fact, how- 
ever, that such solid invertase preparations are usually of low enzymatic 
activity. The reason for this is apparent from the results of this inves- 
tigation, for unless the alcoholic precipitation is performed in very strong 
alcoholic solution, the invertase is rapidly destroyed by the alcohol. There 
are three ways by which this destruction can be lessened: one is to use 
strong alcohol in large proportion, another is to work at low temperatures, 
and the third is to have cane sugar present in the solution to protect 
the invertase from destruction. In order to test the first method, 50 
cc. of invertase liquor which had been dialyzed until it contained only 1 
per cent, of total solids was mixed with 500 cc. of 95 per cent, alcohol at 
25 °, and after half an hour the coagulated precipitate was filtered off, 
washed with alcohol, then with ether, and dried over sulphuric acid in a 
desiccator. The mass, which resembled horn in superficial appearance, 
was dissolved in 50 cc. of water, and its inverting activity was found to 
be 78 per cent, of that of the original sample. The second method of 
precipitation, at low temperature (o°), gave a small recovery and is not 
to be recommended. 

In order to test the protective action of cane sugar, 25 grams of it 
were dissolved in 50 cc. of dialyzed invertase and 95 per cent, alcohol 
added until the strength of the mixture became 70 per cent, alcohol. 
The precipitate was filtered off, washed with ether, and dried in a desic- 
cator. On redissolving, it showed 94 per cent, of the original activity 
and a second experiment gave a recovery of 96 per cent. These ex- 
periments demonstrate that it is possible to precipitate invertase with 
alcohol without any important loss of activity provided the enzyme is 
protected by cane sugar. Other sugars may have this protective action 
also, but this point has not yet been investigated. 

Summary, 

O'Sullivan and Tompson's observation that alcohol reduces the activ- 
ity of invertase is confirmed, and the relation between alcoholic strength 
and inactivation is shown to be graphically a rounded curve (Fig. 1). 
Alcohol is found to destroy invertase, and the relation between alcoholic 
strength and rate of destruction is very peculiar, as it shows a high max- 
imum at about 50 per cent, alcohol. The destruction follows the course 
of unimolecular reactions; it is not noticeable below 20 per cent, alcohol 
at 30 °, is almost instantaneous at 50 per cent., and decreases to nearly 
zero at 80 per cent. (Fig. 2). If the alcohol contains cane sugar, the de- 
struction is much slower; thus, 6 per cent, cane sugar reduces the rate of 
destruction in 50 per cent, alcohol from 0.850 to 0.009, or to about i 
jper cent, of its original value. A mathematical theory of the progress of 
the inversion of cane sugar by invertase in alcoholic solution of sufficient 
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strength to slowly destroy the enzyme has been worked out and its con- 
clusions are found to agree with the results of the experiments. In this 
way it has been possible to measure the activity of invertase in 50 and 
70 per cent, alcohol, where the destruction plays an important role. In- 
vertase can be precipitated by alcohol without much destruction, pro- 
vided the strength of alcohol in the final solution is high, approximately 
90 per cent. By this method of precipitation, working at room tem- 
perature, a solid preparation was obtained which had 78 per cent, of the 
activity of the original solution. . If cane sugar is present, invertase can 
be precipitated with no important destruction by even 70 per cent, alco- 
hol; this method of precipitation gave a recovery of 94 and 96 per cent, 
of the original activity. 

[From the Storrs Agricultural Experiment Station.] 

THE CATALASE OF MOLDS. 

By Arthur W. Dox. 

Received June 23 , 1910. 

An enzyme which accelerates the decomposition of hydrogen peroxide 
with the liberation of oxygen in a molecular form seems to be almost 
universally present in living tissues. Its presence in animal organs, 
in blood, and in milk has been widely investigated. In the vegetable 
kingdom its occurrence in green plants and in certain fungi is well known. 

Many of the basidiomycetes, as well as the yeasts and bacteria, have 
been found by numerous investigators to contain catalase. The molds, 
however, have received but little attention with reference to their cata- 
lase content. Bach and Chodat 1 found catalase in Sterigmatocystis 
nigra , and Pringsheim 2 noted its presence in the press juice of fifteen 
out of the seventeen species of mold examined by him. No other in- 
vestigators seem to have given any attention to the catalase of this im- 
portant group of fungi. 

Catalase is quite distinct from the oxidizing enzymes known as oxidase 
and peroxidase, though both of these are probably dependent for their 
oxidizing power upon the presence of some peroxide, either in the plant 
itself or added in the form of hydrogen peroxide. In the case of the 
oxidizing enzymes, the oxygen seems to be liberated in a nascent or active 
form, which readily acts upon oxidizable substances, such as leuco bases, 
guaiaconic acid, phenolphthalin, etc., and the reaction at once made 
apparent by the color of the product of oxidation. 

Although the molds investigated by the writer showed only slight 
evidence of oxidase or peroxidase, catalase was generally present in 
greater concentration. Many of these fungi produce colored spores 

1 Bet 36, 1756 (1893)* ‘ 

* Z. physioL Chem 6a t 386 (1909). 
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or secrete a colored substance into the medium, making the color reac- 
tions for oxidizing enzymes rather difficult of demonstration. With 
guaiaconic acid little or no production of color was noticed, though hydro- 
quinone seemed to be acted upon somewhat more readily. Catalase 
was first observed in the desiccated mycelium which furnished the basis 
of the studies of other enzymes by the writer. 1 

Experimental. 

Most of these experiments were conducted with Penicillium camem- 
berti, the well-known mold which ripens Camembert cheese. The organ- 
ism was grown in pure culture upon a synthetic fluid containing d- glucose 
and inorganic salts. One hundred cc. of the medium were placed in 
each of a series of 300 cc. Erlenmeyer flasks. The flasks were closed 
with a cotton plug, then sterilized in an autoclave and inoculated with 
spores of P. camemberti. Determinations were made on successive days, 
a fresh culture being used each time. To distinguish between intra- 
and extracellular enzymes, both the mycelium and the filtered medium 
were tested. The mycelium was ground to a fine paste, suspended in 
100 cc. water and 10 cc. taken for the determination. The same propor- 
tion of the medium (10 cc.) was taken for the extracellular determina- 
tions. # 

The form of apparatus used for measuring the gas liberated was 'an 
ordinary Schiff nitrometer. This was connected by means of a rubber 
tube with a small glass cylinder containing the enzyme solution,, and a 
small dish of hydrogen peroxide (5 cc.) floating on the solution. By 
shaking the cylinder the enzyme and peroxide are brought in contact, 
and the gas liberated displaces the water in the nitrometer. This method 
of measuring directly the volume of gas liberated in a given time was 
found more satisfactory in this case than Sentner’s method of titrating 
the excess of peroxide with potassium permanganate. Owing to the 
presence of sugar and perhaps other reducing substances in the medium, 
the blank that had to be deducted when Sentner’s method was used was 
so high as to introduce considerable error. 

The peroxide used was the commercial preparation known as 14 Di- 
oxygen.* 1 One cubic centimeter reduced 22.4 cc. of decinormal per- 
manganate solution, showing that the strength was 3.81 per cent, by weight 
or 12.5 volume per cent. 

In addition to the enzyme determinations, the nitrogen in an aliquot 
portion of the mycelium was determined, also the optical rotation of the 
medium, in order to compare the enzymatic activity with the stage of 
development of the fungus and the supply of nutriment remaining in 
the medium. The results for P. camemberti are tabulated below. The 
gas volumes are expressed at o° and 760 mm. pressure. 

1 Bulletin No. 120 , Bureau of Animal Industry, Washington, 1910, 
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Catalase 


Age of culture. 
Days. 

Intracellular 
C 2 in 3 min. 
cc 

Extracellular 

O* in 3 min. 
cc 

Nitrogen 
in mycelium. 
Grain 

Rotation, 
of medium. 
Veut'/ke. 

0 

0 O 

0 0 

O OOO 

9-5 

4 

8 1 

O 0 

0 oog 

8.8 

5 

17 1 

« 5 

O C 3 I 2 

8.2 

6 

30 7 

1 .2 

0 018 

7 4 

7 

52 0 

l.O 

0 025 

5-5 

8 

54 <> 

2 9 

0 030 

4-3 

9 

58 0 

3 7 

0 030 

3 1 

10 

60 1 

4.1 

0 .031 

2 7 

11 

61 5 

5 I 

0 031 

2.2 

12 

62 0 

6.5 

0 031 

1 8 

13 

ft 3 3 

7-5 

0 031 

* 5 

14 

63 1 

7 

0 031 

0 07 

15 

61 7 

13 1 

0 030 

0 7 

16 

61 4 

5 

0 030 

0 3 

17 

60 7 

37 4 

0 029 

0 1 

18 

6 ( 3 . 7 

47 8 

0 028 

0 0 

19 

59 4 

50 5 

c 

0 

»w 


20 

5 <> 1 

57 2 

0 027 


21 

5 2 8 

60 i) 

0 027 


2 2 

50 « 

(>l 1 

0 026 


-3 

43 0 

fio 7 

0 026 

, 

2 4 

4 2 5 

6l 1 

0 025 


2 5 

41 2 

60 C) 

0.023 



As soon as the mold made its appearance on the surface of the culture 
medium, the mycelium was found to contain a very active catalase. 
The increase on succeeding days does not represent a percentage increase, 
but is due rather to the greater amount of mold as shown by the appear- 
ance of the culture as well as by the nitrogen determinations. After 
about fifteen days, when the culture is mature, the intracellular enzyme 
gradually decreases. This change is accompanied by a loss of nitrogen 
from the mycelium and a gradual decrease of turbidity of the fungus 
cells. In fact, after the culture is a month old the mycelium can be 
disintegrated by simply shaking the flask. The decrease in intracellular 
catalase is not to be regarded, therefore, as an actual loss in activity of 
the enzyme, but rather as the change from the intra- to the extracellular 
form. 

The enzyme in the medium or extracellular enzyme increased steadily 
during the entire time that the cultures were under observation. This 
increase continued after the enzyme in the mycelium had begun to de- 
crease and the carbohydrate was completely exhausted from the medium. 
The medium was always perfectly clear after filtering off the mold. Its 
activity was not appreciably impaired when it was freed from the my- 
celium and preserved two weeks with toluene. But on heating the liquid 
to boiling its activity was completely destroyed. 
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The relation between intra- and extracellular catalase can best be 
shown graphically. As the amount of oxygen approaches the theoretical 
yield, however, the differences in enzyme activity from day to day, as 
shown by the figures recorded, are much less striking than is actually 



the case. Unless this is borne in mind the following curve, where the 
amount of oxygen liberated is plotted against the time during which 
the culture has grown, is apt to be somewhat misleading. The curve 
in the main shows the relation between age of culture and enzyme activity, 
except that the summit is unduly flattened. 

Both the intra- and extracellular catalase are somewhat diffusible 
through parchment and collodion membranes. In performing the test 
with the endo enzyme, the cellular d4bris was not completely removed, 
and there is a possibility that during the course of the experiments, some 
of this enzyme may have changed to the extracellular form and passed 
through the membrane as such. Conclusive experiments as to the diffusi- 
bility of the intracellular enzyme can best be made with the so-called 
press-juice, the means of preparing which were not at the writer’s com- 
maud. 

In order to determine how widely catalase is distributed in this group 
of fungi, cultures of a number of species were made, and the catalase 
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in the medium determined at the end of two months. The molds were 
grown in test tubes on 10 cc. of the fluid medium. The liquid was fil- 
tered, and 5 cc. diluted with xo cc. water were tested with 2 cc. of per- 
oxide. 


Species. in 3 mm. 

Penicillium duclauxi 25.3 

biforme 25.0 

spinulosum 22.4 

decumbens 17.4 

camemberti 13.7 

italicum 11.1 

chrysogenum 10,0 

sloloniferum 8 6 

intricatum 5.2 

atrameniosum 35 

lilactnum 2.8 

cilrinum 2.6 

expansum 2.0 

divaricatum 12 

rugulosum .... . 09 

roseum 08 

africanum 08 

clavijorme 0.3 

pinophilum 0.2 

luteum 0.2 

roqueforti 0.2 

granulatum 0.0 


Species. 

Aspergillus glaucus . . . 

fumigatus. 
clavatus . . 
nidulans . 
varians . . . 
fiavus . . . 
ostianus. . 
ochraceus . 
oryzae . . . . 
candidus. 
wentii. . . 
tnger 


Cc. oxygen 
in 3 min. 

. 21 .1 
. 19 6 

• * 3- 2 
. 10. 1 

• 7-4 
. 6.5 

• 4-5 

• 3*9 

• 2.4 
1.2 

. 0.6 

. 0.0 


In this experiment the formation of extracellular catalase took place 
much less rapidly on account of the greater depth of the culture medium 
as compared with the mold-covered surface. In no case was the sugar 
completely used up, for the filtrate invariably gave a heavy precipitate 
of cuprous oxide on boiling with Fehling’s solution. The above table 
shows, however, that nearly all of the species examined secrete a catalase 
into the medium. Nevertheless there are striking differences in the amount 
produced by the various species. These variations can hardly be at- 
tributed to differences in the vigor of the cultures, for all of the species 
grew well upon this medium and formed a dense mycelium with normal 
fruiting bodies. 

From the experiments described in this paper it is evident that molds 
contain the enzyme catalase, first in the intracellular form, then grad- 
ually allow it to escape into the medium as an extracellular enzyme. 
Just how this change is effected is not definitely known as yet, but it 
seems probable that some of the fungus cells undergo disintegration, 
or at least a loss of vitality, by which an opportunity is afforded the en- 
zymes for diffusion or mechanical release into the medium. 
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NOTE. 

The Instability of Alloxan . — The notes by Professor Wheeler and Pro- 
fessor Bogert on the instability of alloxan in the June number of the 
Journal recall an experience of my own with the same substance. On 
attempting some years ago to open a small glass-stoppered bottle con- 
taining alloxan I found the stopper so firmly fixed that it was impossible 
to remove it by any of the methods usually employed in such cases. 
I then proceeded to scratch a mark on the neck by means of a file, when 
the bottle exploded with a loud report, but with no damage other than 
.scattering glass and the contents of the bottle over a considerable area 
of the working table and floor of the laboratory. My conclusion at the 
time was that the explosion was caused by an accumulation of gases 
resulting from the slow decomposition of the alloxan in a bottle with a 
tightly fitting stopper. Edward C. Franklin. 

Leland Stanford, Jr . University. 


NEW BOOK. 

Notions fondamentales de chimie organique. By Ch. Moitreu, professeur & 1 ’Ecole 
sup£rieure de Pharmacie de P Uni ver site de Paris, troisifenie Edition, revue et mise 
au courant des derniers travaux. Paris. Gauthier- Vi liars. 1910. 354 pp 

The new edition of this excellent introduction to the study of organic 
chemistry follows along the same general lines as its predecessors . 1 The 
subject matter of the second edition has been revised and considerable 
new material added, to bring the book as nearly as possible up to date. 
This is evident in the space accorded to catalytic processes and to the 
developments of the Grignard reaction, and in the inclusion of the results 
of recent investigations on osmotic pressure and molecular refraction, as 
well as such newer classes of compounds as the ketenes, ozonides, and the 
like. A full index constitutes a very welcome addition. The book can 
be cordially commended. Marston Taylor Bogert. 
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EQUILIBRIUM IN THE SYSTEM: POTASSIUM IODIDE, IODINE 
AND AQUEOUS ALCOHOL. 

By Charles t , Parsons and H. P. Cori.iss. 

Received September 14, 1910. 

The question of the existence or non-existence of polyiodides of potas- 
sium and the various physical and chemical constants of a solution of 
iodine in potassium iodide has been for years an interesting problem and 
is still a subject of investigation. Two previous researches upon the 
subject have been conducted in this laboratory which accomplished 
little more than to develop the intricacies of the problem and the various 
precautions necessary to eliminate errors of manipulation and analysis. 
The question was first attacked in water solution and second in pure 
alcohol. In both of these the concentration of the solutions became 
so great near the invariant point (i liquid and 2 solid phases at the con- 
stant temperature 25 °) that, at the time, duplication of results could 
not be depended upon. In pure alcohol, at least, equilibrium in the 
strongest solutions was reached with extreme slowness and it has since 
been discovered that filtration through glass wool which was used at 
the time w T as inadequate to separate the solid from the liquid phase. 
As the liquid in these solutions reaches a specific gravity above 3, is abso- 
lutely opaque and somewhat viscous, only the most careful filtration can 
insure the removal of the small solid particles held in suspension which 
no optical examination will expose. 

Since the addition of water to alcohol greatly diminishes the solubility 
of iodine in the solvent and the addition of alcohol to water likewise 
affects the solubility of potassium iodide, it was reasoned that by using 
aqueous alcohol as the solvent, solution of much lower concentrations 
would be produced at the saturation point and many difficulties thereby 
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eliminated. That this reasoning was incorrect is readily seen from the 
results that follow, for the degree of saturation when both iodine and 
potassium iodide are present in the solid phase differs little whether 
the solvent be water, alcohol or a mixture of the two. Accuracy of 
analysis was at last attained, however, as results will show, and there is 
no good reason why the curve can not be traced as well and with equal 
accuracy in aqueous or alcoholic solution. The problem divides itself 
into two distinct parts : (a) Do polyiodides of potassium exist as solid 
phases? and (6) Do polyiodides exist in solution? The phase rule enables 
us to give a positive answer to the first part of the problem but unfor- 
tunately it has its limitations, and the second query must still remain open 
to dispute. 

Composition of Solid Phases. 

As usually happens the literature contains claims for the existence 
of solid polyiodides of potassium and also evidence of the non-existence 
at least of the tri-iodide. Johnson 1 states that he succeeded in obtain- 
ing lustrous dark blue crystals by evaporating concentrated solutions of 
iodine in both aqueous and alcoholic potassium iodide, which analysis 
showed him to be the tri-iodide. As all the mixed crystals obtained from 
these strong solutions have much the same appearance and cat/ not be 
separated from the mother liquor, his conclusions are not to be relied 
upon, especially as analysis is no criterion whatever of the formula of 
a substance unless its identity as a single compound is proven by other 
means. The more recent work of Abegg and Hamburger 2 upon solu- 
tions of iodine in aqueous potassium iodide is extensive, and they con- 
clude that no polyiodide of potassium exists of less complexity than KI r 
A difference of opinion may be held as to whether the solid phase they 
analyzed as near to KI 7 was in reality homogeneous. Foote and Chal- 
ker 8 give results which, if correct, prove the existence of KI S and KI r 
They are in direct opposition to our own and both can not be right. We 
must leave the judgment to others. We can only suggest that possibly 
equilibrium was not attained, that the analyses of the solutions supposed 
to be constant are not in sufficient agreement to prove constancy of 
composition and that in these concentrated solutions the potassium 
iodide content of the solid phase, after pressing between filter paper, is 
alone no real criterion of its true composition. Furthermore, we are 
unable to plot their results on any semblance to a solubility curve. 

In order to study this question a mixture of pure alcohol and pure water 
containing 60.04 per cent, of alcohol was prepared and saturated with 
both iodine and potassium iodide in the presence of varying amounts 

1 Jour . Chem. Soc., 31, 249 (1877). 

* Z. anorg , Chem., 50, 403 (1906). 

8 Am. Chem. 39, 561 (1908). 
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of the other. In order to make doubly certain any results obtained a 
solution containing 40.03 per cent, of alcohol was treated likewise. The 
alcohol was carefully freed from aldehydes and ketones. The potassium 
iodide was J. T. Baker’s “special” and was found to be free from iodate 
and otherwise pure as claimed. The iodine, with the exception of a 
few of the last experiments, was distilled from water containing potassium 
iodide, drained, resublimed in dry air and kept for weeks over sulphuric 
acid before use. In the exceptions noted, our stock being exhausted, 
a pure resublimed iodine was used and it was proven to have no impurity 
affecting results by addition to bottles which had already arrived at 
equilibrium. The potassium iodide was powdered and dried at 180°. 

In order to determine the solubility curves and corresponding solid 
phases for the system various mixtures were prepared and placed in 100 cc. 
hard glass bottles, the glass stoppers of which had been carefully ground. 
The bottles were then rotated in a large thermostat carefully regulated 
at 25 °. The rotating was started December 1, 1909, and the bottles 
were removed from time to time for analysis and for the addition of more 
potassium iodide or of iodine as the case might require should examina- 
tion show that the solid phase had all disappeared. 

Equilibrium was reached most quickly in the more concentrated solu- 
tions, which was directly contrary to previous experience in pure alco- 
hol. Many of the bottles had not reached equilibrium on March 1st after 
three months rotation. Practically all were at equilibrium by April 1st, 
but No. 12 and No. 35 where pure iodine alone w*as present in solution 
still showed slight gains on June 1st over analyses made some two weeks 
previously. They were, however, very near to saturation. 

For removing portions of the liquid for analysis a special filter was made, 
consisting of a glass tube enlarged at the end to hold a platinum disk. 
This tube was fitted by a ground glass joint to a small pipette and a fine 
asbestos felt was prepared on the disc, which was w T ashed with alcohol 
and dried. By drawing through this felt the liquid was absolutely sepa- 
rated from any solid present and the slight diminution in pressure neces- 
sary to fill the pipette caused no loss of iodine that could be detected. 
Many analyses made in duplicate showed that this method could be de- 
pended upon to give results varying less than 0.1 per cent, among them- 
selves even in the most concentrated solutions. The liquid so withdrawn 
was weighed in a glass-stoppered weighing bottle, diluted to 100 cc. with 
alcohol and aliquot parts taken for analysis. The iodine was determined 
by titration with an approximately tenth normal thiosulphate solution, 
carefully standardized against arsenious oxide and pure iodine. The 
potassium iodide was estimated by careful evaporation in platinum and 
direct weighing, care being taken to drive off the last traces of iodine by 
redissolving the residue in water and again evaporating to complete 
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dryness. When equilibrium was reached, as shown by duplicate analyses 
made many days apart, a portion of the solid phase was removed in a 
small platinum cup, quickly placed in a weighing bottle and analyzed 
in like manner. No special attempt to free the solid from mother liquor 
was made otherwise than to decant off the liquid from the cup before 
removal from the bottle. Having analyzed the liquid and solid the specific 
gravity of the liquid was determined in a small Sprengel pycnometer. 

The following data are given from which the curves are plotted : 

Table I. — The Mutual Solubility of Iodine and Potassium Iodide in 6o Per 

Cent. Alcohol. 

Analysis of solid phase, together 
Analysis of liquid phase. with adhering mother liquor. 


Serial No. 

Sp. gr. 

Per cent. KI. 

Per cent. I. 

Per cent. KI. 

Per cent. I. 



( a ) In equilibrium with excess KI. 


I 

.. I.I48 

30.93 

0.0 

KI 

0.0 

2 

.. I.I 9 I 

29.87 

4-51 

89-13 

O.71 

3 

. . 1.285 

28.39 

12 .48 

86.60 

2.27 

4 

.. I.368 

28.00 

18.60 

87.30 

3-21 

5 

.. I.427 

27.60 

21.80 

85.75 

4.25 

6 

•• 1-533 

27.00 

28.00 

84-39 

6.05 

7 

. . 1.776 

25.90 

40.52 

81.05 

10.30 

8 

. . 2.250 

24.90 

52.42 

76.21 

y>- 73 

9 

.. 3.507 

24.40 

58.93 

73-20 

21 .04 

io 

.. 2.845 

22.49 

65-75 

71 .66 

24 -I 5 

II 



21.50 

68.95 

70.04 

26.42 



(6) In equilibrium with excess I. 

- 

12 

.. 1. 134 

0.0 

23. 04 1 

0.0 

I 

13 

. . 1.530 

7 36 

43-05 

1.40 

88.76 

14 

. . 1 .721 

10.60 

49 38 

2.50 

88.21 

15 

.. 1.90 

12.44 

55-33 

3.72 

87.10 

16 

. . 2. 11 

13-74 

5926 

4.41 

86.60 

17 

. . 2.22 

15-20 

62.66 

5.80 

85.20 

18 

. . 2 .80 

17.72 

69.IO 

7-15 

85*49 

19 

.. 3.99 

19.30 

71.90 

7-45 

88.96 



( c ) Invariant 

point. Excess KI and I. 


20 

. . 3.162 

20.11* 

* 72.51 


. . . 

20 

. .Apr. 18 

20.03 

72.46 

21.84 

74.64 KI & I 

20 

. .Apr. 28 

20.05 

72.54 

. . . 


20 

. .May 6 

19.98 

72.44 

7-40 

89.81 I 

20 

. .May 13 

20.08 

72.51 

20.61 

74.09 KI&I 

20 

. .May 20 

20.06 

72.44 



20 

. .May 23 

20.05 

72.48 

3346 

63 . 19 KI 


Comments on the above table and its graphical representation in Fig. 
i are almost unnecessary. The analyses given are the final ones after 
equilibrium had been proven. Their accuracy may be judged from the 
seven analyses given of the most concentrated liquid at the invariant 

1 Final analysis June i, saturation point may not have been quite reached. 

* Analysis April isth. 
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point No. 20. At this point the liquid was shown to be in equilibrium 
with iodine, with potassium iodide and with two mixtures of iodine and 
potassium iodide. It was first found to be in equilibrium with two solid 
phases, which could from the nature of the curve be only iodine and 
potassium iodide. For the sake of further demonstration the liquid was 
separated from the solid, pure iodine added and further rotated in the 
thermostat without change in composition. Potassium iodide was now 
added and it was later found to be still in equilibrium with this new 
mixture. It was again separated from the solid and rotated in contact 
with pure potassium iodide but no change in composition took place. 
As only two solid phases can co-exist at the invariant point, no polyiodide 
can be present. It might also be well to call attention to the highest 
concentration and the interesting fact that a mixture of twenty grams 



Percentage of Iocf/ne 

Fig. 1. 
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of potassium iodide and 72.5 grams of iodine can be kept in solution by 
7.5 grams of 60 per cent, alcohol at 25 °. Also the mutual solubility of 
potassium iodide and iodine increases in proportion to the amount of 
the other present, although the percentage composition of the potassium 
iodide decreases. At the invariant point the liquid phase contains nearly 
two and one-half mols of iodine for each mol of iodide. 

In Fig. 1 are shown the two solubility curves meeting at the invariant 
point 20. The numbered points represent the composition of the liquid 
phases and the unnumbered points the solid phases together with ad- 
hering mother liquor in equilibrium with them. The extension of the 
lines joining these points shows the actual composition of the solid phases 
present. 

As before stated, the solubility curves for solution in 40 per cent, alcohol 
were also determined and their perfect analogy to the 60 per cent, curve 
are interesting and confirmatory. 

The data follow. Again point 35, pure iodine in aqueous alcohol, 
Table II. — The Mutual Solubility of Iodine and Potassium Iodine in 40 PER 


Cent. Alcohol. 

Analysis ofli^uid phase, together 
Analysis of liquid phase. with adhering mother liquor. 

Serial No. Sp. gr. Per cent. KI. Per cent. I. Per cent. KI. Per cent. I. 

(a) In equilibrium with excess KI. 

21 1-339 42.10 0.0 KI 0.0 

22 1.377 4083 3.76 89.21 0.70 

23 1-455 38.94 10.09 88.80 1.90 

24 i- 53 2 37-41 15-71 88.19 3*02 

25 1.605 36.25 20.52 87.04 4.21 

26 1.655 35-38 24.44 86.08 5. 11 

27 1.847 33- 2 6 33-62 83.61 8.41 

28 2. ©24 3171 39*99 82.06 10.76 

29 2.169 30.59 44,rf§ 80.80 12.35 

30 2.558 28.56 75-90 18.63 

31 2.784 26.95 60,^7 74*77 20.86 

32 24.52 65.93 72.98 23.61 

33 23.04 69.93 72.45 25.04 

( b ) In equilibrium with excess I. 

35 0.962 0.0 2.97 1 0.0 I 

3$ 1,292 8.45 28.70 1.85 84.51 

37 1-581 12.56 40-63 3.41 84.02 

38 15.20 49.95 4.98 83.81 

39 2.000 16.02 52.95 5.60 82.96 

40 2.173 17.18 57.37 6.61 83.60 

41 2.749 19 20 66.89 8.45 85.16 

42 . 2.902 20.12 69.10 7.08 88.81 

(c) Invariant point. Excess KI and I, 

34 3 246 22.50 70-79 19*48 76.24 

34* 22.43 70.88 69.37 26.14 


1 Final analysis June 1st. Saturation point may not have been quite reached. 
* After addition of KI and further rotation. 
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readied equilibrium with extreme slowness and may not be quite satu- 
rated after six months’ rotation. Point 34 was also shown to be in equilib- 
rium with two different mixtures of two solid phases, but no attempt 
was made to put it in contact with pure iodine or pure iodide, as the proof 
was already complete. 

The data in Table II are graphically represented on the two solubility 
curves in Fig. 2, which is drawn on the same principle as Fig. 1. 



Composition of Liquid Phase. 

While the non-existence of solid polyiodides of potassium is no proof 
that they may not exist in solution, it is at least strange that they can 
not be separated therefrom. Especially is this true when all the evi- 
dence in favor of their existence shows that in all solutions of potassium 



*374 


general, physical and inorganic. 


iodide saturated with iodine about one-half of the iodine present must 
be so combined and that in concentrated solutions the amount of 
iodine present and unaccounted for as KI a is much greater than this 
proportion. It is not the purpose of this paper to enter into an extended 
discussion of the problem. From the viewpoint of the dissociation theory, 
applied to dilute solutions, the ground is already well covered in literature, 
but as the solutions pass above o.i normal all formulas obtained begin 
to lose their force and at higher concentrations do not agree at all with 
observed facts. While the assumptions made apply well to dilute solu- 
tions, they do not show that other assumptions may not explain the con- 
ditions equally well, and they all have to discard the mass law as inap- 
plicable as the concentrations increase. 

Dossius and Weith 1 early pointed out that strong solutions of iodine 
in aqueous potassium iodide precipitate iodine on dilution, which is con- 
trary to the mass law if the iodine is present as tri-iodide. LeBlanc and 
Noyes 2 explain the rise of the freezing point and the decrease in the con- 
ductivity when iodine is dissolved in aqueous potassium iodide by assum- 
ing the formation of polyiodides. Jakowkin 3 by experiments on the 
distribution of iodine between aqueous potassium iodide and carbon 
disulphide developed a mass law constant for dilute solutions indicating 
that potassium tri-iodide was present and was the only polyiodide^present 
in any amount. His conclusions were based on the relative solubility 
of iodine in pure water and in carbon disulphide, assuming the potassium 
iodide present to have no simple solvent effect on the iodine. Dawson , 4 
Burgess and Chapman 5 and Laurie 6 have also studied the matter from 
a similar standpoint and from considerations of transference and electro- 
motive force. In dilute solutions they are in fair agreement. One of us 7 
has already pointed out that the conclusions of Jakowkin, upon which 
most of the subsequent work is either grounded or to which the results 
obtained are compared, are untenable if dissolved potassium iodide itself 
has a simple solvent action for iodine such as added alcohol or acetic 
add would possess. Furthermore, it was shown that these solutions of 
iodine in aqueous potassium iodide were perfectly analogous in their 
osmotic and conductance properties to such ternary mixtures as cam- 
phor in aqueous acetic acid and, osmotically at least, to all ternary mix- 
tures where one of the dissolved substances was rendered less soluble 
by dilution of the mixture with that component which separated out first 

1 Z. Chem., 1869, 379. 

* Z. physik. Chem., 6, 401 (1890). 

* Ibid., 20 , 36 (1896). *' 

4 J. Chem . Soc., 79, 239 (1901); 8 x, 524; 93, 1308, 2063. 

* Ibid ., 85, 1305. 

* Z. physik . Chem., 64, 615; 67, 627. 

7 Parsons, J. 'Physic. Chem., n, 669 (1907). 
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on freezing. Indeed it was definitely pointed out that Miller 1 had thermo- 
dynamically shown that in all such binary solvents the freezing point 
must of necessity rise on addition of the third component. Accordingly, 
the assumption of complexes was not necessary to qualitatively explain 
the facts. Many published instances were cited of such ternary mixtures 
where the same reasoning as is applied to the demonstration of the poly- 
iodides would lead to incomprehensible complexes. Bray and McKay , 3 
on the assumption that the decrease in conductivity on dissolving iodine 
in dilute aqueous potassium iodide is due solely to the formation of KI„ 
arrive at results in excellent agreement with those of Burgess and Chap- 
man which they believe prove the existence of this polyiodide. They 
have also attempted to account for the abnormalities in concentrated 
solutions and find that the deviations from the mass law are not very 
serious below o.i normal potassium iodide but still are not negligible 
even below this concentration. While admitting the character and force 
of their arguments, especially when viewed from their standpoint, it 
should not be forgotten that similar reasoning would probably lead to 
poly camphor compounds of acetic acid and other equally improbable 
complexes wherever the conductivity is diminished by adding a solute 
to a binary solvent. Furthermore, these results, and the results of the 
other authorities mentioned are applicable, without other assumption, 
only to that very limited portion of the solubility curve, which is less 
than tenth-normal. This is the only portion of the curve where the actual 
iodine solubility is equivalent in mols to one-half the iodide present 
and quantitatively meets the theory of Jakowkin. It appears to the 
authors of this paper that the phenomena accompanying mixtures of 
potassium iodide, iodine and water (or alcohol) are much more analogous 
to those known to apply to some ternary alloy mixtures than they are 
to the properties of known complexes such as some of the double cyanides. 

In the paper by one of us 3 already cited it was shown that while known 
complexes such as potassium silver cyanide, potassium ferrocyanide, 
etc., pass through a membrane as such without decomposition, such was 
not the case with hypothetical potassium tri-iodide, which was shown 
to behave similarly to certain double salts like the alums that are sup- 
posed to exist as simple molecules in solution. Exception having been 
taken to these experiments on the basis that the solutions used were too 
concentrated, containing more iodine than any conception previously 
advanced could account for, and also that a membrane was an unknown 
quantity in dialysis, it was decided to attack the matter again, using 
sufficiently dilute solutions to carry conviction to all and agar-agar jelly 

1 /. Physit Chem. t 3, x6o. 

* /. Am.. Chem. Soc. t 32, 914. 

1 /. Physic. Chem.., n, 659 (1907). 
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in place of a membrane. Agar-agar was chosen because it has been shown 
to offer little, if any, resistance to electrolytes while allowing true diffusion 
phenomena to take place unaffected by convection currents. The ex- 
perimental work was conducted, under the supervision of one of us, by 
Mr. George A. Perley, to whom our acknowledgments are due. 

Cylinders closed at one end were made of 3 per cent, agar jelly, using 
0.1 normal potassium iodide as solvent. They resembled tall beakers, 
having wails approximately eleven millimeters thick. They were kept 
immersed in 0.1 normal potassium iodide until needed. When in use 
these cylinders were placed in 400 cc. Jena beakers containing 200 cc. 
0.1 normal potassium iodide and were then filled nearly full with the 
iodine-saturated potassium iodide solution employed in the particular 
experiment and the whole placed in a thermostat at 25 °. All the solu- 
tions had previously been brought to this temperature, the level of the 
liquids within and without the cylinder was kept the same and both 
liquids were mechanically stirred by plungers throughout the experi- 
ment. 

According to Jakowkin’s researches and the theory of those who be- 
lieve in the presence of polyiodides, a solution of potassium iodide satu- 
rated with iodine must have one-half of the potassium iodide concerted 
into tri-iodide and contain also a small, almost neglible amount of iodine 
dissolved as such in the water present. 

In the first experiment tried the outer solution was o. 1 normal potas- 
sium iodide and the inner solution was 0.16 molar potassium iodide satu- 
rated with iodine. 

According to Jakowkin the following conditions should exist and the 
potassium iodide should, of course, diffuse from higher to lower concen- 
tration or from left to right. 

Outer solution, * Inner solution. 


0.08 molar K I 

o 1 molar KI 0.08 molar KI 3 

o 0013 molar I 3 

If there is no complex present, the following conditions should exist 
and potassium iodide should diffuse from right to left. 


Outer solution. 


Inner solution 


o. 1 molar KI 


0.16 molar KI 
0.0813 molar I 2 


At stated periods the outer liquid was removed for analysis and re- 
placed by a fresh portion of 200 cc. each. The first portion was taken 
off just as the iodine diffused to the outer wall. This took almost ex- 
actly two hours and was easily judged by the eye. It will be seen at 
once that the potassium iodide passed outward and that a notable por- 
tion had passed through ahead of any iodine as was to be expected from 
its smaller molecular weight. The following results were obtained: 
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Analysis of outer solution after diffusion showing a total gain in outer 
solution for each 200 cc. and each period : 


Period. Time. M. mols I*. M. mole KI. 

1 2 trace o 876 

2 12 2 951 5.26 

3 12 2.355 5.75 

4 12 1-475 5 46 


As a check, the same experiment was performed using simply the 0.1 
molar and 0.16 molar potassium iodide solutions without added iodine. 
Considering the fact that different cylinders of agar-agar were used and 
that no attempt was made to accurately adjust the height of the liquid to 
the same diffusing surface as before the results are quite comparative. 

Gain of KI in Outer Solution. 


Period. Time. M. mols KI. 

1 2 1.84 

2 12 6.5OI 

3 12 5 64 

4 12 5-45 


In a second experiment it was decided to use 0.1 molar potassium 
iodide as the outer solution and a 0.1 molar potassium iodide inner solu- 
tion saturated with iodine. 


According to Jakowkin the following conditions would exist and the 
solution should therefore pass from left to right: 

Outer solution. Inner solution. 

0.05 molar KI 

o 1 molar KI o 05 molar KI a 

0.0013 molar l 3 

If no complex exists, then 

Outer solution. Inner solution. 


o i molar KI 


o 10 molar KI 
0.0513 molar I 2 


Here again the results of experiments are against the conception of 
any complex being present as the following show: 


Analysis of Outer Solutions of 200 cc. Each Showing Total Gain. 


No. Time. M. mols I. If. mols KI. 

1 12 0.889 none 

2 13 1.58 none 


Analyses of the two portions of outer solution used showed them to 
be unchanged in their potassium iodide concentration. 

In the above analyses the free iodine was titrated with thiosulphate 
and the total iodine was determined in a separate portion, being set free 
by ferrous chloride and sulphuric acid and distilled into a solution of 
potassium iodide, using an apparatus consisting entirely of glass. Many 
check analyse^ were run showing the agar to be without effect on the 
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analytical results. Also the experiments were repeated with results 
entirely in accord with those cited. 

We believe the above results strongly indicate that no polyiodide 
exists to any notable extent in these solutions and that we have here 
simply a case of “solution in a dissolved solid,” 1 a solid which above 
82° has been shown by Abegg and Hamburger 2 to be itself a remarkable 
solvent for iodine. We have already pointed out that its behavior in 
regard to rise in freezing point, decrease in conductivity and distribu- 
tion phenomena, upon which all claims to complexes in solution are 
based, have interesting analogies to many ternary mixtures where no such 
combination would be claimed. The idea of simple solution in a binary 
solvent has the added advantage that it explains the phenomena of the 
concentrated solutions equally well with those which are more dilute. 

Summary. 

No polyiodides of potassium exist as solid phases at 25 °. 

Potassium iodide and iodine, placed together in aqueous solution, 
apparently diffuse independently of any chemical combination with 
each other. Judging from this standpoint alone no polyiodide of potas- 
sium is present in solution. 

New Hampshire College, * 

Durham, N. H. 


DIFFUSION PHENOMENA OF THE ALUMS. 

By Charles L. Parsons anp W W. Kvans. 

Received September 14, 1910. 

In connection with the diffusion experiments on solutions of iodine 
in potassium iodide described in the preceding paper and those on known 
complexes reported in a previous paper by one of us,* it seemed desirable 
to make preparatory trials on crystal complexes which were known or 
supposed to exist as a mixture of simpler molecules when dissolved. 
For this purpose ordinary alum was chosen and the work proved so inter- 

1 To explain what is meant by solution in a dissolved solid it may be pointed out 
that so far as analogy goes the only difference between dissolving potassium iodide 
in water and water in alcohol is that one is a solid and the other a liquid at the tem- 
perature at which most of our ordinary ideas are conceived. Sugar is not soluble 
in alcohol until water is added, but it is doubtful if any one would claim that the solu- 
bility of sugar in aqueous alcohol is due to the formation of sugar hydrates. It is 
simply because sugar is soluble in water and if one worked at — 1 0 it would be a solid 
we were adding which, after dissolving, in its turn dissolved the sugar. In like man- 
ner working at 15 0 solid acetic acid dissolving in water acts as a solvent for camphor 
and the latter gives analogous conditions as to rise in freezing point and decrease in 
conductivity to those that exist when iodine, itself practically insoluble in water, 
is brought easily into solution when dissolved potassium iodide is present. 

* Z . anorg. Cketn., 50, 403 (1906). 

• Parsons, /. Physic, Chem. t n, 659 (1907). - 
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esting that the experiments were extended to other alums and were per- 
formed at o° and 25 This paper is written for the purpose of putting 
these data on record for the different alums studied. Its conclusions are 
simply confirmatory of previous work. 

The alums while crystallizing as complex molecules have long been 
known to exist as simple sulphates when dissolved. Some early diffusion 
experiments by Graham 1 were the first to show that the two sulphates 
of which ordinary alum is composed can be separated by diffusion. This 
was later confirmed by Marignac, 2 who came to the conclusion that double 
salts like the alums are found only at the moment of crystallization. 
Later Rudorff, using goldbeater’s skin as a separating membrane, 8 reached 
much the same conclusion. Gerlach 4 points out that certain slight vol- 
ume changes that took place when he mixed solutions of the constituents 
of the alums indicated the combination of these constituents but his 
arguments are not convincing when the evidence to the contrary is con- 
sidered. Resides the above authorities, who argued from a diffusion 
standpoint, a number of investigations have been undertaken on the 
cryoscopic and conductivity constants of the alums, of w r hich the research 
by Jones and Mackay 5 is perhaps the most complete. They likewise 
reach the conclusion that the alums exist for the main part only in the 
solid condition, although they found some evidence that as the solutions 
grew more concentrated there may have been some association in solu- 
tion. 

In our experiments a known amount of solution was placed either in 
parchment tubing, which is permeable to the simple constituents of the 
alums, or in cylinders of agar-agar jelly. These were then placed in 
beakers containing a measured amount of water and both inner and outer 
solutions constantly stirred in a thermostat for the periods of time stated 
below. 

The solutions were analyzed by well-known methods and carefully 
checked. The method used to determine chromium while using well- 
known principles we did not find described elsewhere. A measured 
amount of the chromium solution was diluted to about 150 cc. with water, 
and about 1 gram sodium peroxide was added, the solution was heated 
and allowed to boil for about ten minutes, then cooled somewhat and 
diluted to about 400 cc. Then the solution was acidified with 5 cc. of 
sulphuric acid (1:1), 2 grams of potassium ipdide were added and the 
liberated iodine was titrated in the usual manner with a standard solution 
of sodium thiosulphate. In every case good duplicates could be obtained. 

1 Ann. Ghent. Pharm ., 17, 56 (1851). 

* Ann. chim. phys . [5], 2, 546 (1874). 

1 Her., ax, 4 (1888). 

4 Z. anal. Ghent., 28, 485. 

• Ant. Chem. 19, 83 (1897). 
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Diffusion of Ammonium Chrome Alum. 

The outside solution in each case was 200 cc. water. The experiment 
was conducted at 25 °, each portion being, run for three hours. The in- 
side solution contained in 50 cc. the alum equivalent to 3.268 grams 
Cr 2 (S 0 4 ) 8 and 1.100 grams (NH 4 ) 2 S 0 4 , the ratio of mols of each being 1:1. 
Parchment tubing was used. 

Composition op Diffusate. 


M. mols M. mols (NH 4 ) 2 SQ 4 

Period. (NH 4 )*S0 4 . Crj(S0 4 )*. Cr 8 (S0 4 )| * 

1 5.6 1.228 4.48 

2 2.4 1.200 2.00 

3 1.2 O.848 1. 41 

4 0.36 0.6928 0.520 


Inside solution after completion of experiment. 

0.038 0.416 0.091 

From the above it can be seen that there is an almost complete separa- 
tion of the constituents of the alum into its components. 

Diffusion of Potassium Chrome Alum. 

The inside solution contained in 50 cc. the alum equivalent to 1.459 
grams potassium sulphate and 3.278 grams chromium sulphate, the 
molar ratio being 1:1. The experiment was run as in the previousf case, 
the periods being three hours each and the outside liquid consisting of 200 
cc. of water at 25 °. 

Composition op Diffusate. 


M. mols M mols K|SQ 4 

Period. K 2 S0 4 Cr,(S0 4 ) 3 . Cr,(S0 4 )i’ 

1 5.68 I.40 4.06 

2 2.25 1.20 I.87 

3 O 803 0.864 O.929 

4 o 271 0.746 0.363 


Solution in membrane after completion of experiment. 

0.0688 i .012 o 068 

It can be seen that the same separation takes place as in the previous 
case. 

Diffusion of Potassium Aluminium Alum. 

Inside solution contained in 50 cc. alum equivalent to 1.455 grams 
potassium sulphate and 2.856 grams aluminium sulphate, molar ratio 
1:1. Details the same as in previous cases. 

Composition of Diffusate. 

M. mols M. molt KtSQ 4 


Period. k*so 4 . ai 1 (so 4 ) i . X£(sd7)? 

1 5.71 1.28 4.46 

2 2.05 0.958 2.14 

3 0-775 0.855 0.906 

4 0.247 0.606 0.408 


Solution in membrane after completion of experiment. 

P.J049 0,114$ 0.916 
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Diffusion of Ammonium Aluminium Alum. 

Inside solution contained in 50 cc. the alum equivalent to 1.1014 grams 
ammonium sulphate and 2-852 grams aluminium sulphate, molar ratio 
1:1. Details same as in previous cases. 

Composition of Difkusate 



M mol» 

M. mols 

(nh 4 ) 5 so 4 


Period. 

(NH 4 ) 2 SO«. 

Al 2 (S 0 4 )a 

A 1 s (S 0 4 ). ' 


1 

■ 5 6 

3 5 ^ 

i 59 


2. . . . 

>85 

O 696 

2 80 


3 

0 70 

O 571 

1 .22 


4 

0 . 50 

O 875 

0.58 



Solution in membrane after 

completion of experiment. 



^ 35 

0.355 

0 98 


There was 

probably some error which entered in 

the first period, as 

can be seen from the ratio. 





Diffusion of Ferric 

Ammonium Alum. 


The inside 

solution was made up 

so that 50 cc. contained the 

alum 

equivalent to 

1. 103 grams ammonium sulphate and 

3-334 grams 

ferric 

sulphate, molar ratio being 1:1. Details same as in previous cases. 



Composition of Diffvsate. 




M mols 

M mols 

(NH 4 ) s so 4 


Period 

(NH,)-SO, 

Fc,rso 4 )., 

Pe a (S 0 4 ) a ' 


I 

. 5 1- 

-"*93 

I 7 1 



• 3 -’4 

2 54 

I 27 


3 . 

0 560 

1 78 

0.315 


4 • • 

0 160 

O 6 22 

O 257 



Solution in membrane after 

conclusion of experiment 



0.160 

0.570 

O 287 



It was found that in this case there was a tendency on the part of the 
iron toward hydrolysis, heightened by the removal of the ammonium 
sulphate. This interfered with the diffusion through the membrane and 
therefore this separation is not so perfect as in the case of the other alums. 
However, as can be seen from the above, there is no doubt that separa- 
tion takes place. 

Diffusion at Low Temperature. 

Experiments were also conducted in a mixture of snow and water, 
the temperature being close to o°, to see what effect a decrease in tem- 
perature would have upon the results. In other respects the work was 
carried on as before. 

Diffusion of Ammonium Chrome Alum. 

Inside solution same as before, 50 cc. containing the alum equivalent 
to 1. 1 00 grams ammonium sulphate and 3.268 grams chromium sulphate, 
molar ratio 1:1. The temperature was kept constant by the use of 
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a snow water mixture. Time of each period three hours. Parchment 
tubing used. 

Composition of Diffusate. 



M. mols 

M. mols 

(nh 4 ).so 4 

Period. 

(nh 4 )jSo,. 

Cr,(S 0 4 )». 

Cr,(S 0 4 ), * 

X. . . 

3.60 

0.552 

6.52 

2. . . 


0.520 

4-44 

3 -.- 

1-24 

0-453 

274 

4... 

0.88 

0.426 

2 .06 


Solution left in membrane after close of experiment. 


0.187 

i -«3 

0.0122 


Diffusion of Potassium Chrome Alum. 

Inside solution as before, 50 cc. 

containing an amount of the alum 

equivalent to 

1.459 grams potassium sulphate and 3.278 grams chromium 

sulphate, molar ratio 1:1. Details as above. 



Composition 

of Diffusate. 



M mols 

M. mols 

k*so 4 

Period. 

K a 80 4 . 

Cr,(S 0 4 ),. 

Cr,(SO,),' 

I 

3 .80 

0.880 

4 32 

2 . . . . 

2.50 

0.506 

4 94 

3 - • ♦ • 

0-736 

0.466 

i -59 * 

4.... 

0.665 

0.440 

I 50 


Solution in membrane after conclusion of experiment. 


0.0143 

2 075 

° °97 


From the above work it can be seen that there is a separation at o° 
as well as at 25 0 . The molecules at this temperature move more slowly 
as one would expect; consequently the separation of the two is not so 
rapid as at higher temperatures, but it is more complete. 

Diffusion through Agar Jelly, 

Graham has shown 1 in working with agar-agar jelly that mixtures of 
salts diffuse readily from aqueous solutions and that the diffusion con- 
stants do not change with rise of temperature but the amount of diffused 
salt regularly increases. He found that the rate of diffusion is practically 
the same for different concentrations of the jelly. 

For our experiments a cylinder of the jelly closed at one end was made 
from a 3 per cent, solution, having walls about 1 1 mm. thick. The alum 
solution was placed inside and allowed to diffuse out into 150 cc. of water. 
The temperature was kept at 25 0 throughout the experiments. Each 
portion was run for a period of 24 hours and the portions analyzed. 

Diffusion of Ammonium Chrome Alum. 

The solutions used were the same as in the previous work. Periods 
24 hours each. 

1 /. Chm > Soc. f 56, 816, 
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Composition op Diffusate. 


M. mols M mols (**H 4 )gSQ 4 

Period. (NH 4 )*50 4 . Cr 2 (S0 4 ) a . Cr 2 (S0 4 )i * 

1 2.28 0.426 5.35 

2 1.26 0.810 I.55 

3 O.90 0.720 I.25 


Solution in cell after conclusion of experiment. 

005 0.13 0.039 

Diffusion of Ammonium Aluminium Alum. 

Solutions same as previously used. Periods 24 hours each. 

Composition of Diffusate. 


M. molt M. molt ( NH 4 ) 2 SQ 4 

Period. (NH 4 ) 2 S0 4 . A1 s (S 0 4 ) 3 . Al a (S0 4 ) # * 

1 I.62 O.585 2.77 

2 I.26 O.792 1.28 


Solution In cell after conclusion of experiment. 

0.70 0.138 o 507 

The results of these experiments with agar-agar show in the same way 
as with parchment that the constituents of the alums diffuse independently. 

Conclusions. 

When alums are dissolved in water they are decomposed into the sim- 
ple sulphates, which can be separated from each other by diffusion. The 
chrome alums separate more readily than the aluminium alums. This 
is in entire accord with previous researches. 


THE SOLUBILITY OF BARIUM NITRATE AND BARIUM HYDROX- 
IDE IN THE PRESENCE OF EACH OTHER. 

By C. I*. Parsons and H. P. Corson. 

Received September 14, 1910. 

The work of Cameron and Robinson upon the system lime, nitric 
acid and water 1 proves the existence of a basic nitrate of calcium having 
a composition represented by 2Ca0.N 2 0 6 .3^2H 2 0. Their work suggested 
the possibility of the existence of similar compounds of barium, but in 
a careful search of the literature we were unable to find any record of 
such work upon barium. Hence the present investigation was under- 
taken. 

A specially prepared barium nitrate obtained for this research was 
carefully tested for impurities. The salt was found to be very pure, no 
foreign substance being detected except a small amount of carbonate. 
A saturated solution of the nitrate was prepared and made slightly, yet 
distinctly, acid with nitric acid and boiled to remove carbon dioxide. 

The barium hydroxide obtained for the work was found to be quite 

1 /• Physic . Ckem. t 2, 273 (1907). 
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pure except for the presence of carbonate, which was eliminated by fil- 
tering a hot concentrated solution with careful exclusion of the carbon di- 
oxide of the air. Upon cooling this solution, crystals of pure hydroxide 
separated out. This solid was dipped out with adhering solution and added 
to the solutions of nitrate. 

Bottles were made up in regular steps of concentration from pure water 
to a saturated solution of barium nitrate, using freshly boiled distilled 
water for dilution. Barium hydroxide was then added until sufficient 
solid persisted. One bottle also had excess of solid nitrate added and 
two were made alkaline with barium hydroxide, but short of saturation, 
and excess of solid nitrate added. The bottles were sealed and constantly 
rotated in a water thermostat maintained at 25 0 until equilibrium was 
reached. The bottles were not opened for four months, although equilib- 
rium was undoubtedly complete much earlier, since no reaction occurred 
and subsequent analysis of all bottles showed no change. 

Previous experiment had shown that the gravimetric estimation of 
barium could be made more accurately in these pure salt solutions by 
weighing barium nitrate than by the usual sulphate method. Conse- 
quently the total barium oxide present was determined by this method. 
Portions of the solutions amounting to about 5 ce. were drawn off and 
weighed in a weighing bottle, transferred to a platinum dish, acidified 
with nitric acid and evaporated in an air bath at ioo°. After the ^solu- 
tion had come down to dryness, the temperature was increased to 115 0 
to remove the last traces of free acid and moisture. The samples were 
then cooled and weighed as barium nitrate. 

Barium oxide present as hydroxide was determined volumetrically 
by titrating a weighed portion of the solution with tenth normal nitric 
acid, using phenolphthalein as indicator. 
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The data obtained are given in Table I, which shows (Nos. 4-26) the 
solubility of barium hydroxide in solutions of barium nitrate of various 
concentrations and (Nos. 1-4) the solubility of barium nitrate in solu- 
tions of barium hydroxide. No. 4 represents the composition at the 
invariant point where both solids are present in excess. 

The results are expressed graphically in Fig. 1. 

From an inspection of this chart, it will be seen that there are two 
distinct branches, AB and BC, to the isotherm. As this is a three-com- 
ponent system, along each of these two branches there can be only one 
solid phase in equilibrium with the solution. 


Serial 

Table I. 

Grams BaO as Ba(OH)« 

Grams Ba(NO*)* 

No. 

Density 

in 100 HjO. 

in 100 H a O. 

1 

.... I.0797 

none 

IO 30 

2 

.... I . 1002 

i -55 

10 66 

3 

I .1210 

3.22 

11 04 

4 


5 -02 

11 48 

5 

I . 1371 

4-93 

10.21 

6 

. I 1288 

4 83 

8.66 

7 

I .1220 

4-72 

7-55 

8 

... I . 1133 

4 72 

7 01 

9 

. . . . I 1062 

4 65 

6.82 

10 

. . . I . IO44 

4.61 

6 55 

11 

I.IOIO 

4.64 

6.08 

12 

1-0975 

4.60 

5-66 

13 

1 0949 

4-55 

5-46 

*4 

1-0937 

4 54 

5 32 

15 

1.0885 

4-52 

4 44 

16 

1 .0864 

4 53 

4-41 

17 

1 .0840 

4 52 

4 04 

18 

. . . 1 .0790 

4.48 

3-47 

19 

1-0774 

4 46 

3-14 

20 

1 0731 

4.40 

2.79 

21 

. ... 1 0711 

4.42 

2-53 

22 

1.0651 

4-35 

1.88 

23 

1 .0626 

.... 

.... 

24 

1 .0640 

4-35 

i -45 

25 

.... 1.0538 

4.29 

0-43 

26 

1.0512 

4.29 

none 


Several of the solids in contact with the solutions were analyzed. Along 
branch BC of the curve (Fig. 1) the solids were dipped from the solutions 
with a platinum spoon, no attempt being made to free them from mother 
liquor save by decantation. They were analyzed in exactly the same 
manner as the liquids, namely, titration of a weighed portion with nitric 
add, then evaporation and weighing as nitrate. 

The solids along branch AB of the curve (Fig. 1) were pure hydroxide 
and when pressed between filter paper contained so small a quantity 
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' of N,O s that it was not practical to determine the exact amount. Table 
II gives the percentage composition of all the solutions, together with 
some of the corresponding residues. 


Table II. 

Solutions. Residues with adhering solution. 

BaO. N* 0 6 H,(>r *~BaO. N s 0 6 . HfO 

No. Per cent. Per cent. Per cent, per cent. Per cent. Per cent. 

1 548 4-86 89.66 50.21 3538 I 4 - 4 I 

2 6.95 3-92 89.13 51.44 36.22 12.34 

3 8.46 3-98 87.56 50.29 35.12 14.59 

4 10.05 4.06 85.89 56.44 35-20 8.36 

5 9-43 3-63 86.94 

6 8.80 3.21 87.99 

7 8.12 2.78 89.10 

8 7.94 2.64 89.42 

9 7 72 2.52 89.76 

10 7.57 2.42 90.01 

11 7.38 2.26 90.56 

12 7.15 2. 11 90.74 

13 7 01 2.04 90.95 

14 6.92 1.98 91.10 

15 6.57 1. 71 91.72 

16 6.50 1.66 9184 * 

17 6.32 1.54 92.14 

18 5.96 1.29 9275 

19 5-83 1.20 92.97 *. 

20 5.65 1.08 93 27 

21 5-49 o-97 93-54 

22 5-13 0-74 94 13 

23 4-88 0.56 94.54 

24 4-9 2 0.58 94.50 

25 4-32 0.17 95.51 

26 4.10 none 95. 90 


Along the other branch, BC of the curve, the composition of the solid, 
evidently the nitrate, was proved by plotting the results of analyses on 
a triangular diagram . 1 When plotted in this manner the lines connect- 
ing the points representing liquids with other points representing their 
corresponding solids meet in a point which as scaled off on the diagram 
has the composition BaO 58 . 7 , N 3 0 6 41 . 3 . This solid, then, is repre- 
sented by the formula Ba0.N 2 0 6 . The analysis of the solid in bottle 
No. 4 , which lies at the intersection of the two branches of the isomerm, 
shows, of course, that it consists of both Ba(0H) 2 .8H 2 0 and Ba(N 6 s ) 2 . 
Examination of the residues by the microscope is entirely in agreement 
with the conclusions arrived at by analysis. 

1 Schreinemakers, Z. physik. Chem., 11, 81 (1893); Bancroft, /. Physic. Chem. t 
6, 181 (1902). 
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Conclusions. 

The solubility of barium hydroxide in solutions of barium nitrate in- 
creases as the concentration of the latter increases. This fact is inter- 
esting, for in most cases a common ion tends to decrease the solubility 
of substances in solution in a common solvent. 

The solid in equilibrium with any solution along curve AB, Fig. 1, 
is Ba( 0 H) 2 . 8 H 2 0 , and along curve BC, is Ba(N 0 8 ) 2 . 

Consequently, we conclude that basic nitrates of barium do not exist 
at 25 0 . 

New Hampshire College, 

Durham, N. H. 

THE SOLUBILITY OF STRONTIUM NITRATE AND STRONTIUM 
HYDROXIDE IN THE PRESENCE OF EACH OTHER. 

By C. I*. Parsons and C. L. Perrins, 

Received September 14, 1910. 

In connection with the work described in the preceding paper on the 
solubility of barium nitrate in solutions of barium hydroxide it was de- 
cided to make a similar study of the strontium compounds and for the 
same reason. No basic nitrates of strontium have been described in the 
literature, but there was no certainty that a search along equilibrium 
lines might not reveal them. 

A specially pure lot of strontium nitrate was prepared by separating 
the barium from a salt purchased as pure and containing no other 
contamination. Strontium hydroxide was prepared from pure strontium 
oxide by dissolving it in boiling water and filtering hot. Upon cooling 
the solution strontium hydroxide crystallized out and was preserved 
under the mother liquor. It was protected from the formation of car- 
bonate by a sodium hydroxide seal. 

A saturated solution of the nitrate was prepared and boiled with a 
slight excess of nitric acid to assure the absence of all carbonates. From 
this a series of solutions was made^by diluting with freshly boiled, dis- 
tilled water in varying amounts and adding the solid hydroxide until a 
solid phase persisted in sufficient quantity for analysis. One bottle also 
had excess of solid nitrate added and two bottles similarly prepared 
were made to contain hydroxide short of saturation. The solutions were 
placed in tightly stoppered bottles, the glass stoppers of which had been 
carefully ground, and rotated in a thermostat kept at 25 0 for more than 
a month before any analyses were made. Subsequent trials proved that 
equilibrium had already been attained. 

Previous experimentation having shown that the methods used for 
barium in the research already referred to were applicable here, they 
were, accordingly, used. Definite portions of the solution were drawn 
off, weighed, acidified with nitric add, evaporated to complete dryness 
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and the total strontium nitrate weighed as such. The hydroxide present 
was determined by titrating a separate portion with tenth normal nitric 
acid. 

The data obtained are given in Table I, which (Nos. 1-22) shows the 
solubility of strontium hydroxide in solutions of strontium nitrate of 
various concentration; also (Nos. 24-25) the solubility of strontium 
nitrate in varying solutions of strontium hydroxide. No. 2 indicates 
the conditions that exist at the invariant point when the solution is satu- 
rated with both substances. 


Table I. 

Bottle SrO as Sr(OH) t Sr(NO a )» in 

No. Sp. gr. 35/35. in ioo grams H s O. loo grams H* 0 . 

1 1.481 0.0 79*27 

2 I.506 I.76 81.06 

3 1-490 1 . 7 * 74-27 

4 1-450 1-55 66.88 

5 1 419 1. 5 i 63.71 

6 1.403 1.47 60.37 

7 1-381 1.4* 56.30 

8 1-359 1-34 52-90 

9 J- 3 2 7 1-27 46.97 

10 1 .317 1 20 44 03 0 

11 1. 291 1. 14 40.83 

12 1 .267 1 , 11 37 81 

13 1-239 103 32.41 

14 1 .217 1 01 28.80 

15 1.206 0.96 26.58 

16 1.178 0.95 23.83 

17 1.148 0.91 1796 

18 1.126 0.87 16.21 

19 1. 108 0.84 12.78 

20 1 .079 0.81 8.96 

21 1059 o-79 6.29 

22 1.033 0.78 4.45 

24 1-492 0.38 79.47 

25 1-494 0.78 80.83 


The results are expressed graphically in Fig. i. 
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From an inspection of this chart it will be seen that there are only two 
distinct branches to the isotherm. As this is a three-component system, 
along each of these two branches there can be only one solid phase in 
equilibrium with the solution. Reference to the curve shows that the 
presence of either component increases the solubility of the other. 

This curve in itself is sufficient to indicate the absence of any basic 
nitrate of strontium, since the’ composition of the solution varies with 
regularity. The precipitates were, however, examined through a micro- 
scope and several of them were analyzed. The microscope showed the 
crystals upon the first branch of the curve to be simply those of strontium 
hydroxide, while those upon the second branch were obviously strontium 
nitrate. 

The analysis of the solids with adhering mother liquor was made as 
follows: The precipitate was spooned out in quantity sufficient for 
analysis, the adhering mother liquor was removed as completely as possi- 
ble by pressing between filter papers and the solid was immediately 
placed in a closed weighing bottle and weighed. The alkalinity was 
determined by titrating with standard nitric acid. The total strontium 
was obtained as in the analysis of the solutions, by evaporation with 
slight excess of nitric acid. The composition of the solids analyzed to- 
gether with that of the corresponding solutions is given in Table II. 


Table II. 

Solution. Solid 

Bottle No. Percent. SrO. Per cent. NiO fr . Per cent. SrO. Percent NtO^. 

3 21.65 21.52 37 86 1 .65 

8.... . ... 17.66 17 .49 38 61 0.56 

19 6.27 5 76 38.92 0.19 

24 21.86 22.54 36.50 3800 

25 22.02 22.70 36.98 38 48 


An examination of these figures shows them to be entirely confirmatory 
of the solubility curve and that the only two solids present are Sr(OH) r - 
8H 2 0 and Sr(NO s ) 2 . 

Conclusions. 

The solubility of strontium hydroxide in solutions of strontium nitrate 
increases as the concentration of the latter increases. The curve is sim- 
ilar in form to the curve for barium, but the solubility of the nitrate is 
much greater and the hydroxide much less than that of the correspond- 
ing barium salts. 

The solid in equilibrium with any solution on the longer arm of the 
curve is Sr(0H) 3 .8H 2 0, while along the short arm it is Sr(NO s ) 2 . 

No basic nitrates of strontium exist at 25 °. 

NSW Hampshire College, 

1 Durham. N. H. 
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THE BINARY AND TERNARY ALLOYS OF CADMIUM, BISMUTH 

AND LEAD. 

By William Edward Barlow. 

Received August io, 1910. 

The ternary and quaternary alloys of lead, bismuth, cadmium and tin 
possess special interest on account of their extended practical use as 
fusible alloys and as bearing metals. Of the four possible ternary series, 
one (the Pb, Bi, Sn series) has been thoroughly investigated — as re- 
gards both constitution and physical properties — by Charpy, 1 Two 
others, the Sn, Cd, Pb series, and the Sn, Cd, Bi series, have been inves- 
tigated from the standpoint of constitution by Stoffel. 2 The following 
paper deals with the constitution of the remaining ternary series: the 
lead-bismuth-cadmium series. My object in undertaking this investiga- 
tion was to complete the fundamental data necessary for systematic 
work on the constitution of the quaternary alloys of the four metals. 

The thermal examination and representation of this ternary series 
bases itself, in the first place, on an accurate knowledge of the constitu- 
tion diagrams of the three binary series of alloys : those of lead-bismuth, 
lead-cadmium, and cadmium-bismuth. For reasons given below I have 
thought it necessary or advisable to re-determine the diagrams for two 
of these binary series. 

Practical Methods and Precautions. — The metals used by me contained 
the following impurities: 


Lead 0.0002 per cent, of iron. 

Cadmium 0.004 per cent, of iron, and a trace of arsenic. 

Bismuth 0.002 per cent, of iron, and a trace of arsenic. 


In every case the weight of alloy taken for a cooling-curve observa- 
tion was 40 grams. The weighed metals were melted together in a small 
Battersea gold-annealing crucible under paraffin (or in a stream of car- 
bon dioxide), and the mixture was thoroughly stirred and cast in a clean 
brass mold. Small pieces were then cut from every portion of the solid 
alloy and preserved for use as seed. In a few cases the alloy to be used 
as seed was pipetted out of the well-stirred molten alloy. 

The apparatus used for cooling-curve work consisted of a small Bat- 
tersea crucible resting in an asbestos bed inside a graphite crucible, which 
in turn was embedded in a mixture of sand and kieselguhr contained in a 
sheet-iron vessel. The thicknesses of the layers of heat-insulating ma- 
terials necessary to give a convenient rate of cooling were found by a 
few preliminary trials. The previously prepared alloy wfcs melted (un- 
der paraffin) in the small crucible on a separate stand, the crucible was 
then bedded snugly in the asbestos nest, the stirrer and thermometer 

4| 1 “Contribution & l’fttude des alliages,” 1901, p. 200, Paris. 

* Z. anorg. Chem. t 53, 137. 
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were warmed, and the composite crucible was then swung into position 
below the thermometer and stirrer, and raised until the thermometer 
bulb just cleared the bottom of the crucible. The outside iron vessel 
was then heated until the alloy was a few degrees below its first (upper) 
freezing point. The flame was then removed. The temperature con- 
tinued to rise, until the alloy was melted and heated (usually) about 
20 0 or 30° above its melting point. The stirrer was then started and 
the apparatus was allowed to cool to a convenient point for beginning 
the observations. With this arrangement it was not necessary to dis- 
turb anything but the small (inner) crucible, and it was found that the 
rate of cooling, between halting points, varied only very slightly in in- 
dividual observations during the whole investigation. 

Both my own earlier experiences, and deductions from the published 
work of other investigators, have convinced me that it is a difficult matter 
entirely to prevent undercooling -and, moreover, that the errors caused 
by this lag may, under certain conditions, be very great. I therefore 
took special care to provide for efficient stirring, and for the systematic 
and periodical addition of seed. Stirring was done by means of a glass 
rod bent into a circle at its lower end and embracing the stem of the ther- 
mometer. The rod was moved \ertieally up and down, with a force 
capable of regulation, by means of a clock-work arrangement, the details 
of which 1 shall be glad to give to any one interested. The stirrer was 
adjusted so as to stop automatically as soon as the alloy arrived at a con- 
dition of decided pastiness during cooling. This left the observer with 
both hands free for other work. 

Beginning at a temperature 5 0 or 6° above the expected upper freez- 
ing point of the alloy, small portions of the cold alloy were dropped into 
the crucible every fifteen seconds, and this seeding was continued until 
it was evident that stirring had ceased to be efficient. The results satisfy 
me that, in cases in which the first and second freezing points fell near to- 
gether, undercooling (at the second halting point) was nearly always 
prevented ; when the alloy was too pasty to be stirred at the tempera- 
ture of the second or third halting point, undercooling nearly always 
took place. 

The temperature was read every fifteen seconds by means of a reading 
telescope at such a distance as to enable the observer to reach round to 
the crucible to drop in seed. The thermometer was hung in a wide glass 
tube, reaching nearly to the crucible edge, so that it was possible to 
see every part of the mercury thread and to avoid errors due to sudden 
air draughts 'on the exposed thermometer stem. The thermometers 
used were standardized at the freezing points of lead (327°) and tin 
(232 °), and were also directly compared with a thermometer (reading 
to 560°) tested by the Physikalisch-Technische Reichsanstalt on August 
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2, 1909. The correction for the exposed column was determined on 
each thermometer by actual observation of the mean temperature of 
the exposed column, under the conditions of use obtaining in a cooling- 
curve observation, and the addition of the correction n(T — 1)/6 300, in 
which n is the length of the projecting column in degrees, T the tempera- 
ture to be measured, and t the mean temperature of the exposed column. 
These measurements were made twice for each thermometer. Up to 
about 220° the agreement between the two sets of corrections was very 
close; from 220° to 330° the mean of the two results was used as the cor- 
rection. 

THE BINARY SYSTEMS. 

(a) The Lead-Cadmium Series. — The freezing point curve of the series 
has been determined in part by A. Kapp, 1 in part of Heycock and Neville, 2 
and in part by Stoffel. 3 Stoffel’s statement of Kapp’s result does not 
agree with the published curve. I was unable to consult Kapp's thesis, 
and since, also, it seemed advisable to have a complete set of determina- 
tions made by one observer with identical metals and under identical 
conditions throughout, I have repeated the thermal investigation with 
the results given in Table I and Fig. 1. The position of the eutectic 
point was determined according to Tammann’s method of thermal analy- 
sis, by measuring the duration of the freezing of the eutectic in each *of 
the twelve alloys studied, plotting these times vertically beneath the 
corresponding percentage compositions, and continuing the curves free- 
hand to their intersection. Using the same weight of alloy and the 
same conditions of cooling in each case, the measured times are propor- 
tional to the amounts of eutectic present in the various alloys. 

Free-hand prolongation of the upper curves points to the eutectic 
composition as 82.6 per cent, by weight of Pb, 17.4 per cent, by weight 
of Cd. This corresponds to 72.04 atomic per cent, of Pb. The prolonged 
time curves intersect at about 82 per cent, by weight of Pb. (I have pur- 
posely used weight percentages in constructing the diagrams, since I 
consider that, in spite of certain drawbacks, this method enables one to 
form a mental picture of the relations more easily than the use of atomic 
percentages. For all important points, however, I have added the atomic 
figures.) 

The freezing point of the eutectic I have taken, as 247. 3 °, as given by 
the alloys m, j, b, c, and d. The other alloys (more widely removed 
from the eutectic composition) were all slightly undercooled. The re- 
sult agrees well with that of Kapp — 249 0 . 

On the cadmium side the freezing-time curve points to a slight solu- 

1 Dissert., Kfinigsberg, 1901. 

* J. Chem. Soc., 6 i, 888 (1892). 

9 Z. anorg. Chem., 53, 137 (1907). 
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bility of lead in solid cadmium. On the lead side the limit of miscibility 
indicated is about 3 per cent, (by weight) of cadmium. Herschkowitsch 

Table I.— The Lead-Cadmium Series (Barlow). 

Percentage composition. 


Alloy 

No. 

Weight, percent. 
/ ~Pb. Cd. * 

Atomic, per cent. 

Pb Cd.’ 

Temp, 
of first 
halting 
point. 

Temp, of 
eutectic 
crystal- 
lization. 

Duration 
of eutectic 
freezing in 15- 
second units. 

* 

IOO 0 

O 

100 .0 

0 

327.0 

. . . 


a 

90.0 

IO .O 

83 01 

16 99 

271 .0 

246.5 

10. 0 

k 

85 .0 

15 O 

75-45 

2 4 55 

252.0 

245-6 

17.0 

m 

•• 83.5 

16.5 

73 30 

26 . 70 

249.2 

247-3 

18.5 

j 

82.0 

l8.0 

71 . 18 

28 82 

248 4 

247-3 

21 .0 

b 

80.0 

20.0 

68.46 

3 i -54 

253 5 

247-3 

19.0 

c 

70.0 

30.0 

55 87 

44 - L 3 

265.0 

247.1 

15 O 

d 

60.0 

40 O 

44.88 

55-12 

272.6 

247.2 

II .0 

e 

50.0 

50 O 

35 18 

64.82 

275-5 

245-6 

10.0 

f 

40.0 

60 .O 

26 56 

73 44 

278.4 

245-6 

8.5 

g .... 

30.0 

70 .O 

18.87 

81 13 

281 6 

246.2 

6.0 

h.. 

20.0 

80.O 

H -95 

88.05 

290.2 

246.8 

4.0 

i 

IO. O 

90 O 

5.69 

94 3 i 

301 .0 

245.6 

1 - 75 

* 

O O 

100.0 

0.00 

100 .0 

320.7 





Fig. 1. — Pb-Cd series (Barlow). 
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(by measuring the electromotive forces of lead-cadmium alloys) found 
that cadmium forms mix-crystals with lead up to about 4 per cent, (atomic) 
of cadmium. This is 2 . 3 per cent, by weight. The times were measured 
from the cooling curves plotted on co-ordinate paper, and are given in 
units of fifteen seconds. The error is probably less than one time-unit 
in every case. 

(b) The Lead-Bismuth Series.— The freezing-point curve has been de- 
termined by Kapp and by Charpy, 1 and is given in the upper part of Fig. 
2 in weight percentages. The eutectic lies at 56.5 atomic per cent. Bi 
(56 6 weight per cent. Bi) and 125 0 C. The irregularity of the curve 



Fig. 2. — Pb-Bi series (Barlow). 
1 Bull. soc. encour., 1901. 
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on the lead side led me to repeat the thermal analysis, with the results 
given in Table II and the lower part of Fig. 2. 

Table II. — The Lead-Bismuth Series (Barlow). 


Composition. 

Weight, per cent. First Second Duration 

Alloy <•— • « halting halting of eutectic 

No. Bi. Pb. point. point. freezing. 

* 0.0 100 o 327.0 .... 

a 10 o 90 o 297 3 not seen 

b 20.0 Ro.o 260.6 not seen 

c 27.0 73.0 232.6 not seen 

d 33-33 66.66 204.0 122 u. c. less than 1 

e 40.0 60.0 177*3 119U. c. not taken 

f 42 85 57-15 170.6 117.2U. c. 7.0 

g 50.0 50.0 144.4 121.7 15.0 

h 55.0 45 o 126.9 123.2 26.0 

i 63 5 36.5 150.5 124.3 22.0 

j 70 o 30.0 178.5 124.3 16.0 

k 75 o 25.0 198.3 124.8 not taken 

i 85 o 15.0 229.4 124.8 1.5 

* 100.0 00.0 271.2 ... 


The eutectic, according to my results, both from the freezing-point 
determinations and from the times of eutectic freezing, lies at 56.5 weight 
per cent. Bi, and between 124 3 and 124 8°. With regard to the limits 
of miscibility in the solid state there is still room for doubt. Kapp and 
Wiedemann were both unable to observe a second freezing point in an 
alloy containing 30 per cent, by weight of Bi, and I have obtained almost 
the same limit on this side. Shepherd, on the other hand, as a result of 
electromotive force measurements, states that at ordinary tempera- 
tures mix-crystals are formed at each end of the series up to 10 per cent, 
on each side. On the bismuth side my results agree with this statement — 
indicating a solubility of bismuth in lead up to about 11 per cent, by 
weight of lead. The letters u. c. indicate “undercooled.” 

(c) The Bismuth-Cadmium Series. — The freezing-point curve has been 
determined both by Kapp (see above) and by Stoffel (see above). Their 
results (using weight percentages) are reproduced in Table III and Fig. 
3. Kapp’s observations on the bismuth side are too scanty to establish 
the course of the curve with certainty, and differ from those of Stoffel 
by as much as 20°. Since Stoffel has made three series of observations, 
with identical results, I have used his figures on the bismuth side of the 
eutectic, and those of Kapp on the other side, in constructing the ter- 
nary diagram. The eutectic lies at 44 . 5 atomic per cent. Bi (59.8 weight 
per cent.) and 146°. According to the investigations of Herschkowitsch 
and of Heycock and Neville the two metals form no solid solutions — 
are entirely non-misdble in the frozen state. 
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Table III. — The Bismuth-Cadmium Series (Kapp, Stopped). 


Composition. 
Weight, per cent. 

First 

freezing 

point. 

Kapp. 

Cd. 

Bi. 

90 

IO 

297-5 

8o 

20 

279.0 

70 

30 

254-5 

6o 

40 

225.5 

50 

50 

193.0 

40 

6o 

149.0 

20 

8o 

185.0 

IO 

90 

230.0 


Composition. 
Weight, per cent. 

First 

freezing 

point. 

Stoffel. 

Cd. 

Bi. 

40 

60 

146 

35 

65 

158 

30 

70 

176 

25 

75 

191 

20 

80 

206 

IO 

90 

236 
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Fig. 3- — Cd-Bi series. 


THE TERNARY SYSTEM: LEAD-BISMUTH-CADMIUM. 

(i) Representation of Results. — The percentage composition of a mix- 
ture of three components may be expressed by a system of triangular 
co-ordinates (cutting, most simply, at 6o°) in one plane. If we wish to 
obtain a complete representation of the equilibrium relations between 
the various phases of a ternary system, temperature must also be ex- 
pressed, and must necessarily be measured along an axis lying outside 
of the plane of the paper, and, most simply, vertical to that plane. Within 
the resulting prism the seven or more surfaces of equilibrium involved 
may be constructed. 

To represent such an equilibrium-solid clearly by a drawing is a diffi- 
cult matter. If, however, we content ourselves with the representation 
of the upper surfaces alone (on which lie the first freezing points of all 
the possible mixtures) the projection of these surfaces on the co-ordinate 
triangle by means of contour lines results in a clear and intelligible dia- 
gram. ^ 

The upper surfaces of such a solid will have the general a|fcarance 
of Eig. 4 a — three more or less curved and inclined surfaces meeting in 
three channels or grooves (DX, EX, EX), which, in turn, dip towards 
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their intersection at the point X. The curve ADC is the upper freezing- 
point curve of the binary series AC, while D represents the position of 
the eutectic of this series. The projection of the surfaces AEXD, etc., 
on the triangular plane HGK (the base of the model) would have the 
general appearance of Fig. 46, the dotted lines representing isotherms. 


3 



Fig. 4 a. Fig. 4 b. 

Within this triangular space any point represents a mixture of the three 
components, A, B, C. The sum of the three lines drawn from such a 
point to the sides of the triangle, parallel to the sides taken in regular 
order, is always equal to the length of the side of the triangle. This 
length may be divided into 100 equal parts, when the sum of the co- 
ordinates drawn in this way becomes 100 per cent, of the mixture. For 
example, the composition marked by the point 41 in Fig. 8 is 30 per 
cent. Bi, 10 per cent. Pb, 60 per cent. Cd, if the measurements are made 
as indicated by the arrows in the margin. For a point falling on one of 
the sides of the triangle one co-ordinate disappears; thus the point 1 
represents an alloy of composition 25 per cent. Bi, 75 per cent. Cd (the 
distance iK being equal to the distance iBi). At the points A, B, and C, 
two co-ordinates vanish. A co-ordinate surface ruled according to this 
plan permits one to make measurements more easily than when the co- 
ordinates are drawn vertically to the sides of the triangle — the altitude 
of the triangle being taken as 100 per cent. 

(a) Plan of Exploration. — The exploration of the upper equilibrium 
surfaces is best made by means of a number of systematic surveys, carried 
out and utilized as explained below. Consider, first, the freezing of the 
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binary alloy marked 1 in Fig. 5, and assume that the two metals A and C 
form no solid solutions and no chemical compounds. The alloy contains 
more than the eutectic proportion of A, On cooling a molten mixture 
of this composition, freezing begins at a certain temperature. The sub- 
stance which freezes out is pure A. The composition of the still molten 


B 



Fig. 5. 

mass therefore moves along the line AC towards C, the freezing point of 
the molten part gradually falling as the composition changes. When 
the alloy has reached the freezing point of the eutectic D the composi- 
tion of the mother metal has also reached the composition of the eutectic, 
and the remaining melt therefore freezes completely at this temperature, 
before cooling farther. The solid alloy consists simply of the first-frozen 
crystals of pure A surrounded by the later-freezing eutectic mixture D. 
The cooling curve will therefore show two (and only two) sudden changes 
of direction (down to the point at which D has begun freezing) : an upper 
one, 2^ the temperature at which “excess" A begins to freeze* out, and a 
lower %ne, at the temperature at which the eutectic begins (and con- 
tinues) to freeze out. 
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Consider, now, the][freezing of the ternary alloy marked 2. At a cer- 
tain temperature pure A begins to separate out. The molten part there- 
fore becomes^riclier in both B and C, and both B and C are enriched in 
the same proportion. In order, however, that the proportion between 
the pairs of co-ordinates, c6, c'6', etc., should remain fixed, the 
composition of the still-molten part must move along the line AK, formed 
by continuing the line joining A and 2. When this composition has 
reached the point K, all the A in excess of the binary eutectic proportion 
has been frozen out at a gradually falling temperature and the binary 
eutectic (D) begins to crystallize. The molten part therefore becomes 
progressively richer in B, since both A and C are being continuously re- 
moved. Solidification continues, at temperatures gradually falling, 
and on KX, until the temperature and composition corresponding to 
X are reached, when the remaining melt freezes as the ternary eutectic 
at a constant temperature. The cooling curve will accordingly show 
three sudden changes of direction down to the point at which X has be- 
gun freezing: the first at the excess A freezing point, the second at the 
temperature at which the binary eutectic begins to freeze, and the third 
at the ternary eutectic freezing point. 

Suppose, now', that we observe the cooling curv es of a senes of alloys 
lying on the line ill. The first freezing point , will lie on a curve sloping 
from both sides towards the point 4, at w'hich the eutectic line EX is cut. 
The second freezing points of ail alloys between 1 and 3 will fall at tem- 
peratures gradually lower and lower along the curve DX. The alloy 3 
will show r only two freezing points— -that of excess A and that of the 
ternary eutectic. (An alloy whose composition falls on such a line as 
DX will also show only two freezing points — those of the binary and 
ternary eutectics.) From 3 to 4 the second freezing points will lie at 
points along X4, at gradually rising temperatures moving towards 4. 
Beyond point 4 the excess metal is no longer A, but B. Alloys between 
4 and B begin separating pure B at certain temperatures, the composi- 
tion of the molten part moving towards the line EX, and cutting it in 
every case at the point 4, and then following the curve 4X. In other 
words, the second freezing point of all alloys between 4 and B is fixed at 
the temperature indicated by 4. 

If we consider the alloy 1 as a single component, and pure B as the 
second component, we can plot the first and second freezing points of 
the series just as in the case of a system of two elementary components, 
and we shall obtain a diagram of the general appearance of Fig. 6. The 
temperature X is indicated (although only approximately — because of 
the difficulty of observing all the second freezing points with great ac- 
curacy) by the intersection of the sloping branches of the second freezing- 
point curves: the temperature 4 is at the intersection of the upper freez- 
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mg-point curves and also at the intersection of the horizontal branch 
and one of the sloping branches of the second freezing-point curve. 



Fig. 6. 

Such a survey series as iB will furnish not only a series of first freezing 
points, but also an intersection on a binary eutectic Une, and at least an 
approximation to the position of such a critical line as AX. (The line 
AX divides the region occupied by the alloys consisting of excess A, plus 
AC eutectic, plus ternary eutectic, in the solid state, from the region 
occupied by the alloys consisting of excess A, plus AB eutectic, plus 
ternary eutectic. The lines BX and CX perform analogous functions. 
The types included by each of the six spaces ADX, AXE, etc., will be 
apparent from the diagram (Fig. 5)). By taking several such surveys 
from each angle of the triangle we can obtain a sufficient number of 
binary intersections to establish the courses of the lines EX, FX and 
DX. The position of the ternary eutectic is established by the inter- 
section of the binary curves prolonged, together with the approxima- 
tions to the positions of AX, BX and CX, and 'other aids to be men- 
tioned later. 

Special Case (Survey III). — With one exception, the surveys made in 
this investigation are of the above type — cutting only one binary eutectic 
line. Survey III cuts two binary lines. The course of the two freeztag- 
pofet curves may be understood by reference to Fig. 7 and the follow- 
ing-indications : 
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Fig. 7. 



Excess 

metal. 

Eutectic. 

1st f. p. 

2nd f. p. 

From III to L . . . 

Bi 

Cd, Bi 

falls 

falls along DL 

From L to N. . . . 

Cd 

Cd, Bi 

rises 

falls along LX 

From N to M 

Cd 

Cd, Pb 

rises 

rises along XM 

From M to Pb . . . 

. Pb 

Cd, Pb 

rises 

fixed at M 


The actual courses of these lines are shown in Survey III, Fig. ioa, 
(3) Results. — In Fig. 8 I have indicated the directions of the sur- 
veys used for exploration, and the compositions of the alloys actually 
submitted to cooling-curve observation. The alloys are numbered to 
aid in identifying them in the following tables and diagrams. 

In Table IV, I have given the compositions, the first, second, and third 
freezing points of the alloys, arranged in their respective survey series. 
The letters n. t. signify that the halting point in question was not looked 
for — the observation of the cooling curve being stopped at some higher 
temperature. The letters u. c. indicate that the temperature was ob- 
served, but was manifestly incorrect as a result of undercooling. Pro- 
nounced undercooling was recognized at a second point only three or 
four times: the plotted cooling curves show that although undercooling 
took place in other cases, it was only very slight — not enough to inter- 
fere with the accurate determination of the freezing point, and usually 
extending through only a few tenths of a degree. In many cases the 
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two branches cut sharply. (Typical examples of observed cooling curves 
showing undercooling and a sharp intersection, respectively, are repro- 
duced in Fig. 9.) Undercooling at the ternary point was naturally of 
more frequent occurrence, but of no importance. The ternary point was 
purposely not looked for in many of the alloys widely removed in com- 
position from the ternary eutectic, since it could be determined with 
less likelihood of undercooling in alloys nearer the eutectic composition. 

Tabus IV. - Compositions and Freezing Points op the Ternary Aeeoys of Lbad- 

BJSMUTH CADMIUM. 

Composition Weight, per ct-nt Temp of freezing pedals. 

Survey. Altov ' — . < — * . 


No. 

No/ 

Pb 

Bi 

Cd. 

I 9 t. 

and 

3rd, 

I. . 

I 

O OO 

25 O 

75 .0 

267 O 

146.0 

. . . 


2 

IO O 

22.5 

675 

2 f >3 5 

1 15 0 

91 


3 

20 O 

20 O 

60 0 

260 O 

106.0 

u. c. 


4 

30.0 

17-5 

52 5 

259.0 

152 O 

u. c. 


5 

40.0 

15 0 

45 0 

257 .O 

182 .0 

n. t. 


6 

50 O 

12.5 

37 5 

255 O 

203.2 

n. t. 


7 

60.0 

10 0 

30.0 

252.0 

215.2 

n. t. 


8 

80 ,0 

5 0 

15 0 

236 5 

* 34*3 

n. t 


9 

88 0 

3 0 

9 0 

268 0 

-34 -3 

n. t. 

II. . 

10 

0 0 

50 0 

50 0 

191 0 

143-9 

none 


11 

10 0 

45 0 

45 0 

203 .0 

121 9 

n. 1. 


1 ? 

20 0 

40.0 

40 0 

21 1 0 

n. t. 

n t. 


13 

30 0 

35 0 

35 0 

218 6 

95 0 

n. t. 


*4 

40 0 

30 0 

3 ° 0 

223 0 

127.8 

n. t. 


15 

50.0 

25 0 

25 0 

225 5 

165 4 

n. t. 


16 

60.0 

20 0 

20 0 

224.5 

192 0 

n. t. 


17 

70 0 

15.0 

150 

216 0 

213.0 

n. t. 


18 

80 .0 

TO O 

10 0 

241 .8 

216 2 

n. t. 


19 

90.0 

5 0 

5-0 

290.0 

n. t. 

n. t. 

III.. 

20 

0 0 

75-0 

25 0 

190 0 

146 0, 145.0 

none 


21 

5 0 

71-25 

23 75 

170.4, 169 7 

* 35 - 8 , 135-5 

91.4 


22 

10 0 

67 - 5 

22 5 

156.7, I 55 0 

130.6, 130.0 

92, 91 


23 

150 

63 75 

21.25 

134 - 6 , 1330 

124.6, 124.6 

92, 92 


24 

20.0 

60.0 

20.0 

119 9, 119.6 

1 19. 5, 1 19. 2 

92, 91 


25 

25.0 

56*25 

18.75 

127.6, 126.0 

1 10. 6, 1 10. 3 

91 .2 


26 

30 0 

52.5 

17 .5 

132 0, 132.0 

not seen 

92 .0 


27 

40 .0 

45 0 

150 

147 .0, 146.0 

98.7, 98.4 

88 u. c. 


28 

50 0 

37-5 

12 5 

159 - 0 , 1590 

128.0, 128.0 

n. t. 


29 

60.0 

30 0 

10. 0 

165.4, 163.5 

165.4 

n. t. 


103 

70.0 

22.5 

7-5 

210 0 

n. t. 

n. t. 


30 

80.0 

i5-o 

5-0 

249-5 

n. t. 

n. t. 

IV.. 

31 

500 

50-0 

0.0 

144.4 

124.8 

none 


32 

47-5 

47-5 

5 -o 

118.6 

100.0 

u. c. 


33 

45 0 

45 -o 

10.0 

125-0 

108.0 

n. t. 


34 

40.0 

40.0 

20.0 

180.2 

107.0 

n. t. 


35 

35 0 

35 -o 

30.0 

212 .0 

107 .0 

n. t. 


36 

27-5 

27-5 

45 0 

243 8 

107.0 

u. c. 


3 

20.0 

20.0 

60.0 

260.0 

106.0 

n. t. 


37 

IO. Q 

10. 0 

80.0 

284.0 

n. t. 

n. t. 



1404 


GENERAL, PHYSICAL AND INORGANIC. 


Table IV ( Continued ). 



, A 11/.« 

Composition. Weight, per cent. 

Temp, of freezing points. 


auivcj. nuwv. 








No. 

No. 

Pb. 

Bi. 

Cd. 


and. 


3rd, 

V.. 

38 

25.O 

75 0 

0.0 

*98.3 

124.8 


none 


63 

24.I 

72.3 

3*8 

180 .0 

97.O 


n. t. 


39 

22.5 

675 

IO. O 

154.0, 156.0 

108.5, 

108.0 

91 .6 


24 

20.0 

60.0 

20.0 

* 19*5 

II 9-5 


91 .6 


102 

19-5 

58.5 

22 .O 

125. 1, 124.8 

H8.7, 

118.6 

n. t. 


40 

15.0 

45 0 

40.0 

200.0 

114 U. 

c. 

92 .0 


4 i 

IO. O 

30.0 

60.0 

246.6, 248.0 

U. C. 


91.4 


42 

5 *o 

15 0 

80.0 

282 .0 

U. C. 


n. t. 

VI.. 

43 

66.66 

33*33 

0.0 

204.0 

124.8 


none 


48 

63-33 

31 .66 

5 *o 

181 ,9 

n. t. 


n. t. 


29 

60.0 

30.0 

10.0 

165.4 

1654 


n. t. 


15 

50.0 

25.0 

25.0 

2255 

165.4 


n. t. 


44 

40.0 

20.0 

40.0 

247*5 

n. t. 


n. t. 


45 

30.0 

150 

55*0 

264.0 

165.3 


n. t. 


46 

20.0 

10. 0 

70.0 

274.2 

1653 


n. t. 


47 

10. 0 

5 *o 

85.0 

292 .0 

165.4 


n. t. 

VII.. 

49 

57*14 

0.0 

42.86 

272 .0 

247 3 


none 


6 

50.0 

12.5 

37 * 5 

255*0 

203.2 


n. t. 


50 

44.6 

22 .0 

33*4 

239*8 

167 0 


n. t. 


14 

40.0 

30.0 

30.0 

223 .0 

127.8 


n. t. 


25 

25 0 

56.25 

18*75 

127.6 

1 jo. 6 


* 9 i-? 


5 i 

20.0 

65.0 

150 

1380, 138.8 

1 *7 - 7 » 

117.6 

92 .O 


52 

10. 0 

82.5 

7-5 

210.0, 212 .0 

Il8. 2, 

118.0 

n. t. 

VIII.. 

53 

25.0 

0.0 

75 -o 

286.0 

247*3 

\ 

„none 


3 

20.0 

20.0 

60.0 

260 0 

106.0 


u. c. 


54 

150. 

40.0 

45 *o 

218.4 

II6.O 


n. t. 


55 

10. 0 

60.0 

300 

138 0 

133-6 


9*-5 


56 

5 *o 

80.0 

150 

199.0 

• 33-6 


n. t. 

IX.. 

57 

75 *o 

0.0 

25.0 

260.0 

247 3 


none 


58 

67 5 

10. 0 

22 5 

241 .8 

219 6 


n. t. 


16 

60.0 

20.0 

20 0 

224.5 

192 .0 


n. t. 


59 

45*0 

40.0 

15.0 

166.0 

118.5 


9 i -5 


60 

30.0 

60.0 

10. 0 

122 .0 

102 .0 


91 .0 


61 

15-0 

80.0 

5 *o 

208.6 

102 .4 


92 .0 

X.. 

62 

0.0 

95 0 

5 *o 

253*0 

146 O 




63 

24.1 

72.3 

3*8 

180.0 

97.0 


91 .0 


64 

35 *o 

61.75 

3*25 

139.0 

103.0 


91 .0 


104 

48.7 

48.7 

2.6 

130.0 

108.7 


91 .0 


65 

56 0 

41 .8 

2.2 

156.0 

109.0 


u, c. 


7 i 

655 

32.7 

1 .8 

194.0 

109.0 


n. t. 


66 

70 .0 

28.5 

1 • 5 

218.0 

n. t. 


n. t. 


67 

80.0 

19.0 

1 .0 

2540 

n. t. 

v 

n. t. 

XI.. 

68 

57 15 

42 *5 

0.0 

170.6 

124.8 


none 



560 

41 .8 

2.2 

156.0 

109.0 


n. t. 


28 

500 

37*5 

12.5 

159*0 

128.0 


n. t. 


14 

40.0 

30.0 

30.0 

223 .0 

127.8 


n. t. 


69 

35 *o 

26.25 

38.75 

240.0 

1320 


n. t. 


70 

20 0 

15*0 

65.0 

269.6 

13* 0 


n, t. 
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In Figs. 10 a, 10 h, 10 c, I have represented the sections revealed by 
the survey lines, and also the second freezing-point curves. It should be 



Fig. 10a, 
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understood that the compositions corresponding to the observed second 
points (with one exception) are not known at the time of making the 
survey. They lie, of course, somewhere on the respective binary eutec- 
tic lines, but the exact courses of these lines are not known at this stage 



Pig 106, 
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of the investigation. The one point in each survey which can be directly 
utilized is that at which the survey line cuts the binary eutectic line; 
both the temperature and composition represented by this point can be 
determined with considerable accuracy. I have shown below how the 
other observed second points in a survey series may be made use of to 
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check the courses of the eutectic lines after these lines have been de- 
termined from the survey-eutectic line intersections. 

Many of the cooling-curve observations were repeated. In some 
cases both results are given in Table IV, in order to show the sort of agree- 
ment obtained. In other cases the average of the two (or three) results, 
or the single result, is used. 

(4) Construction of the Ternary Diagram. — The first step was to mark 
on the triangular co-ordinate surface the positions of the survey lines, 
and the first freezing points observed at the respective compositions. 
The next step was to mark on the sides of the triangle points showing the 
positions of the three binary eutectics, and also a series of first freezing 
points (on each side of the triangle) ten degrees apart — taking these 
points from the binary diagrams shown in Figs. 1, 2, and 3. 

The next step was to establish the direction of each one of the binary 
eutectic curves. For this purpose the intersections of these curves by 
the eleven survey lines were used. These intersections are given in the 
subjoined table (Table V) : 

Table V. Survey-binary Curve Intersections. 

Composition at cut. Weight, per ceut 
r- - - — 1st andfcmd 


Survey No. 

Pb. 

Bi. 

Cd. 

freezing points. 

I 

78.5 

5 375 

16 125 

234 3 

II 

7* -2 

14.40 

14.40 

214.0 

Ilia 

20 0 

60 0 

20.0 


III 5 

60 0 

30.0 

10 0 

> 65-4 

IV 

46.0 

46.0 

8 0 

108.0 

V 

20.0 

60.0 

20 0 

U 9-5 

VI 

. . . 60.0 

30 0 

10. 0 

165.4 

VII 

.. 23.09 

59.6 

1731 

l l8 .O 

VIII 

.... 10.5 

58 0 

31.5 

133 

IX 

32 25 

57 *o 

10.75 

102 .O 

X 

42.7 

54.435 

2.865 

109.0 

XI 

52.57 

39*43 

8.0 

131.0 


The cut on Survey V is actually at 20.5 per cent. Cd, and about 119 0 , 
while the cut on III is at 20 per cent. Cd. These points lie so near to- 
gether that they are taken as coincident in the ternary diagram at alloy 
24 — the temperature assigned being 119.5 0 . Through the intersections 
found above, the curves DX, EX, and FX were drawn, as far as the 
points on IX, IV, and X, respectively. As an aid to the free-hand pro- 
longation of these curves, and as a means of checking the accuracy of 
the work done, four additional check (or secondary) surveys were made : 
Survey XII, from Cd to Pb, 36.5 per cent.; Bi, 36.5 per cent. Survey 
from Cd to Pb, 40 per cent. ; Bi, 60 per cent. Survey XIV, from 
Cd to Pb., 46.5 per cent.; Bi, 33.5 per cent. Survey XV, from Bi to Cd, 
<£.7 percent.; Pb, 99,3 per cent. Survey XII, included in Fig. 106, 
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may serve as an example of the results obtained by these secondary sur- 
veys. The following observations were used in constructing the curve: 


Pb. Hi. Cd iat point. 2nd point. 

Cat on 1 12.5 21.87 65.63 262.0 103.0 

Cut on VIII 17.5 30.0 52.5 241.0 96.0 

Cut on II 22.0 39.0 390 213.0 102.0 

Cut on VII 28.57 50.0 21.43 153-0 102.0 

Cut on III .... 300 52 5 17.5 132.0 102.0 

Cut on IX ... 32.62 56.5 10.87 101 8 101.8 

CutonX 35.0 61.75 3.25 1390 103.0 

Cut on Pb-Bi 36.5 63.5 0.0 1500 124.8 


The temperatures assigned are taken from the previously completed 
curves for Surveys I, VIII, etc. 

The other secondary surveys (XIII to XV) give curves almost as smooth 
as XII. To avoid crowding the diagram, and because no new experi- 
mental results are involved, Suneys XIII to XV are not inserted in the 
main diagram. Their cuts on the curves DX, etc., were, however, used 
provisionally as guides in prolonging these curves. 

The next step in the construction of the ternary diagram was to es- 
tablish temperatures differing by io° on the eutectic curves. For this 
purpose I fitted the edge of a strip of co-ordinate paper to the curve as 
drawn, and marked on the paper the intersections of the survey lines 
with the binary lines. 1 then removed the paper strip, erected perpen- 
diculars at the points marked, proportional to the temperatures indica- 
ted, completed the curve free-hand, made marks at the edge of the strip 
vertically beneath temperatures differing by io°, and finally replaced 
the strip and transferred the marks to the binary eutectic curves. 

Before using the points so found as starting points from which to be- 
gin drawing the isotherms, I checked their positions as follows: The 
second freezing point of alloy No. 2 was observed at 115 0 . A straight- 
edge placed so as to join Cd with alloy No. 2 cut the curve DX at, or 



Observed. 

Binary cut 


Observed 

Binary cut 

Alloy. 

2nd point. 

(See above } 

Alloy. 

2nd point. 

(See above.) 

2 

115.0 

about 1 16 0 

17 

213.O 

213 O 

3 

106.0 

about 108.0 

21 

135-8 

about 137.0 

4 

I5 2 O 

about 153.0 

22 

130 .6 

about 130.6 

5 

182 O 

about 184.0 

2 3 

124.6 

about 125.0 

6 

203.2 

about 205.0 

H 

120.0 

about 120.0 

7 

2152 

about 217.0 

25 

no. 7 

about 1 12.0 

11 

12 1 .9 

about 130 0 

*7 

98.7 

about 97 . 0 

13 

95 -o 

in the gap 

28 

128 .0 

about 130.0 

*4 

127.8 

about 130.0 

39 

108.0 

about 108.0 

*5 

* 65-4 

about 165.4 

50 

167.0 

about 170.0 

16 

192 .0 

about 192 .0 

54 

116.0 

about 1 17.0 




5 ® 

219.6 

about 222.0 




59 

118.5 

about 1 17.0 




63 

97 0 

is tbfg*p 
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about, 1 16°. This agreement confirms the positions of the points assigned 
to no 0 and 120° on curve DX. Proceeding in this way I obtained the 
following checks. Except for alloy No. 50 (and possibly alloy No. 58) 
the results justified me in using the points marked on the binary curves. 

The isotherms were then drawn in, and Fig. 1 1 was produced. For 
the sake of attaining clearness in reproducing the diagram on a small 
scale I have marked only the positions of the isotherms, the binary eutec- 
tic curves, and the ternary eutectic. The investigated alloys are shown 
in Fig. 8. The data for these alloys can easily be found by reference 
to Table IV. 



Fig. u. — Isotherms of first freezing-points of cadmium-bismuth-lead alloys (Barlow). 


REMARKS ON THE TERNARY DIAGRAM. 

The three-curved surfaces all present convex sides towards the angles 
of the triangle. In other words, the depression of the freezing point of 
bismuth (for example) caused by the addition of a small amount of dither 
lead or cadmium alone is less than that produced by the addition of an 
equal weight of a mixture of lead and cadmium; so, too, for the depres- 
sion of the freezing point of lead and of cadmium. 
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The gradual and peculiar alteration (near the cadmium angle) of the 
course of the isotherms running from EX to the Cd-Bi line is what might 
have been expected from the shape of the freezing-point curve of the 
lead-cadmium series — and to some extent also from that of the lead-bis- 
muth series. (In order to follow this gradual change of course I have 
inserted three isotherms between the ten-degree steps near the Cd angle.) 
Thus the Cd-Pb freezing-point curve shows an inversion from concave 
(from above) to convex at about 50 per cent. Cd, or about where the 275 0 
isotherm emerges on the Pb-Cd side of the ternary diagram. In accord- 
ance with this the ternary isotherms are concave between Cd and, say, 
the 280° isotherm, almost straight from this point to the end of Survey 
VII, and gradually become convex from VII on to the eutectic E. On 
the Cd-Bi side the ternary isotherms retain their concavity up to the 
250° isotherm — which is almost a straight line for the greater part of 
its course. In both cases the inversion in the freezing-point curve of 
the binary series evidences itself in the ternary diagram. From 250° 
on, towards the ternary eutectic, the isotherms are very nearly parallel. 

The Ternary Eutectic. — The cur\es DX, EX, FX, continued free-hand 
from their cuts on IX (and XII), IV, and X (and XV), respectively, in- 
tersect at about 8 per cent. Cd, 40 per cent. Pb and 52 per cent. Bi. 

An alloy of 5 per cent. Cd, 40 per cent. Pb, 55 per cent. Bi, was allowed 
to cool to 91 5 0 , with constant stirring and seeding, and a part of the still 
molten substance was then drawn by means of a suction pump into a 
glass tube provided with an asbestos filtering plug at its lower end. This, 
on analysis, gave Pb 4 11 per cent., Bi 50.5 per cent., Cd (by difference) 
8 4 per cent. I am not convinced, however, of the possibility of so 
regulating the tightness of the asbestos plug and the force of the suction 
as to prevent minute crystals of a frozen excess metal, or a frozen binary 
eutectic, fiom being mechanically washed up into the tube with the 
molten ternary eutectic. 

Cooling curves w r ere taken of a number of alloys near the composition 
just given. Two of these alloys showed a very slight pause at 92 °, and a 
sharply defined ternary freezing point at 91 4 to 91. 5 0 . The com- 
position of the ternary lies very near this point and may be taken, for 
the present, as Pb 40.2 per cent., Bi 51.65 per cent., Cd 8.15 per cent. 
The freezing point, as a mean of twenty determinations, lies at 91.5°, 
and this number, in fact, w r as found in the four or five cases in wilich 
special care was taken to observe the point accurately. It is interesting 
to note that, of the four possible ternary eutectics of the four metals 
(Sn, Cd, Pb and Bi), this one has the lowest freezing point. The ascer- 
tained temperatures are: 


Sn-Cd-Pb,. 

Stoffel, 

H5° 

Sn-Cd-Bi, 

v Stoffel, 

103 0 

So— Pb— Bi, 

Charpy, 

96° 

Fb-Bi-Cd, 

Barlow, 

9*5 
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Note. — In sixteen of the alloys investigated a transformation point was noted 
(in addition to the three freezing points) at a fixed temperature, approximately 124 0 . 
In every instance observed the transformation took place below the temperature at 
which binary eutectic had begun freezing. The phenomenon was not noticed early 
in the investigation, and the data at hand are not sufficient to enable me to fix the 
limits of composition within which the change takes place. If the halt is caused by 
the formation in the partly- solid alloy of a binary or ternary compound, the extent 
to which this compound may form mix-crystals with the three pure metals will de- 
cide whether it is necessary to introduce another surface — roughly triangular in out- 
line — at the point now assigned to the ternary eutectic. I intend to resume the in- 
vestigation of the transformation at an early date, and ask for a reasonable time reser- 
vation for this purpose. 

Metallurgical Laboratory, Virginia polytechnic Institute, 

Blacksburg, Va. 


[Contribution from the Laboratories of General and Physical Chemistry of 
the University of Chicago.] 

STUDIES IN VAPOR PRESSURE: III. A STATIC METHOD FOR 
DETERMINING THE VAPOR PRESSURES OF 
SOLIDS AND LIQUIDS . 1 

By Alexander Smith and Alan W C. Menzixi. 

Received August ao, 1910. * f 

This paper consists of five sections dealing, respectively, with: 

(1) The sources of error of a more general character involved in vapor 

pressure measurement. ' * 

(2) A critical r£sum6 of the characteristics of the older methods, with 
particular reference to the individual sources of error in each. 

(3) A description of the present apparatus. 

(4) A criticism of this apparatus, in relation to the various sources of 
error. 

(5) A set of measurements of the vapor pressures of water, made with 
a view to testing the efficiency of the apparatus. 

The apparatus was applied in a redetermination of the vapor pressure 
of mercury, and in a quantitative study of the chemical constitution of 
calomel vapor, which will be described in separate papers. 

Section 1. General Sources of Error Involved in Vapor Pressure 

Measurement. 

A critical study of the very voluminous literature of vapor pressures 
reveals the fact that, where two or more independent series of values 
for the same substance are in existence, inconsistency is the rule and 
Substantial quantitative agreement throughout two comparable series 
the exception. The differences range from a few tenths of a millimeter 

1 This paper, and the two following, were read at the Boston meeting of the Society, 
on Dec. 30, 1909. 
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to several hundred millimeters. 1 In view of this discordance, which 
affects also our own results when they are compared with those of others, 
some space must be taken to discuss the general sources of error in the 
measurement of vapor pressure and to give some account of the older 
methods. The aim of this discussion is to attempt to indicate the pre- 
cise conditions that must be met if these chief sources of error are to be 
avoided. When the sources of error have thus been defined, it is possi- 
ble to show how far the method described in this paper meets the re- 
quired conditions, and how far confidence may be placed in the experi- 
mental results secured by its means. 

The sources of errors that are common to most methods of vapor pres- 
sure determination may, perhaps, be best discussed under the three 
heads of temperature, pressure, and impurity of material: 

Temperature*— (1) Steadiness and Equal Distribution . — When the 
condensing vapor from a liquid boiling in a flask is used to maintain a 
steady temperature, the vapor, at first inevitably superheated, is ex- 
pected to cool itself to the boiling point by radiation and by giving up 
heat to the bodies that it encounters. If the latter are too thoroughly 
jacketed, they may not lose the heat sufficiently fast to cool to the boil- 
ing point the vapor in the neighborhood of* the thermometer. Errors, 
therefore, arise when the boiling is rapid, or when a sand bath or other 
large radiating surface is used as a source of heat. With inadequate 
jacketing, on the other hand, the latent heat of the vapor may be insuffi- 
cient to raise the temperature of the heated bodies to the boiling point. 
This is a common experience, for example, in determining the sulphur 
boiling point of a platinum thermometer. In this connection it has not 
always been borne in mind that the latent heat of evaporation of water 
is exceptionally high, that of other liquids having, at their boiling points, 
only a fraction of the value for water. Again, when the liquid is boiled 
under reduced pressure, 2 the mass of vapor condensing is necessarily 
smaller, and its heating power, in virtue of latent heat, much less. It 
will be seen that, for a steam jacket, a much greater latitude in strength 
of heating (e. g., of flame-height) is possible than for other jacketing 
vapors. 

Liquid baths, having a large \ olume and therefore a large heat capacity, 
have generally been found satisfactory in maintaining steady tempera- 
tures whenever the stirring was adequate (see Section 3, below), which, 
however, has not always been the case. Air baths, on account of their 
small beat capacity, are far inferior, 3 and when employed have frequently 
not been stirred at all. 

1 See Landolt and Bdrnstein’s, or any similar set of tables. 

4 As in Ramsay and Young's method of securing any desired temperature from 
o° to 360°, by use of eight liquids (/. Chem. Soc 47, 640; 55, 483). 

* See, «. g., this series, No. V, following. 
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(2) Accurate Determination of Actual Temperature . — Explicit state- 
ments of the method of standardization of the thermometers used and 
of the degree of probable accuracy in the measurement of temperature 
are frequently wanting. In mercurial thermometry, it may be men- 
tioned, the correction for external pressure upon the bulb is very uni- 
formly omitted (see Section 2, below); too much faith is placed in an 
arithmetical correction for “ exposed thread;” and readings to tenths 
above 300° are treated with too much respect. 

(j) Scale of Temperature . — In few cases is the scale specified or, ap- 
parently, considered. Since even so low as 200 0 the difference between 
the constant-pressure air scale and the thermodynamic scale is of the 
order of o.i° (corresponding to a pressure difference of several mm.), 
and at 450° the difference is nearly o. 5 0 , it would appear that many re- 
finements in measuring or calculating pressures to single millimeters, 
not to speak of tenths, hundredths, and even thousandths of a mm. that 
are found in the literature, are really superfluous. 

As a sample of vapor pressure thermometry, similar to dozens that 
might be cited, the determination of the vapor pressures of iodine by E. 
Wiedemann 1 may be mentioned. At 180 0 , for example, he found the 
value 687.2 mm. Since he says nothing about the style of thfe ther- 
mometer, about corrections, or about the scale of temperature referred 
to, two of these figures in the pressure are without significance. It is 
not remarkable, therefore, that the value is 25 mm. (corresponding to nearly 
1. 5 0 ) divergent from that of Ramsay and Young, 2 and that his results 
add absolutely nothing to our previous knowledge. 

Pressure. — The straightforward reduction of gage and barometer 
readings to mm. of mercury at o° is not always stated to have been per- 
formed. Correction is made for the varying value of the gravity con- 
stant (g) only in very exceptional cases. Yet, in Chicago, a place not 
very elevated, and not far from 45 0 N. L., this correction amounts to 0.25 
mm. per 760 mm., and in laboratories in London the value is about 0.5 
mm. per atmosphere. This correction, therefore, usually considerably 
exceeds the error involved in the mere reading of the gage. 

Impurity. — In the matter of purifying the crude material for the pur- 
poses of vapor pressure measurement, the physicist is usually admittedly 
at a disadvantage. But here even the chemist may be found somewhat 
unintelligently distilling “nine times” or freezing out or recrystallizing 
“fifteen times”, with no guarantee that any increase of purity is being 
attained. How real is the necessity for purification may be judged from 
the statement of Tammann 8 that 0.01 per cent, of alcohol in benzene 

1 Ber. physik. Ges., 3, 159 (1905). 

* /. Chem. Soc., 49, 453 (1886). 

• Arm. Physik, [3] 32* 683 (1887). 
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raised the vapor pressure of the latter, near the boiling point, by 12 mm. 

A somewhat different class of impurity is met with in the moisture, 
oxygen, nitrogen and carbon dioxide dissolved in liquids or adhering 
to solid substances. Such impurities form undoubtedly a most constant 
and elusive source of error. The seriousness of the error due to this 
cause, however, varies much with the particular method employed. At- 
tention may, perhaps, here be called to a fact which seems to be very 
generally overlooked, namely, that gases are, as a rule, much more solu- 
ble in other liquids than in water, and therefore, in general, have in other 
liquids more effective vapor pressure, and are less quickly and easily 
removed by boiling and other precautions than in the case of water. 
In the following table 1 the solubilities of three common gases are stated 
as volumes of gas held in solution by one volume of various liquids under 
ordinary conditions. 


liquid. 

Carbon dioxide. 25 0 . 

Nitrogen, 25°. 

Oxygen, 20° 

Water 

O.83 

O or6 

0.028 

Carbon disulphide 

0.87 

0 059 

. . . 

Benzene 

... 2.43 

0. 1 16 


Chloroform 

■ • ■ 3 43 

o-i 35 


Methyl alcohol 

. .. 3.84 

0. 142 


Acetic acid 

. . 4.68 

0. j 19 


Amyl acetate 

4 '2 

0 173 


Acetone 

6.29 

0 . 146 


Alcohol 



O.284 

Petroleum 

1 17 (20°) 

O.II7 (20°) 

0.202 


It may be pointed out in this connection that there is, probably partly 
for this reason, far less inconsistency in vapor pressure measurements 
of different observers in the case of water than in that of any other liquid. 
In many vapor pressure determinations there is no record of even an at- 
tempt to remove gases by preliminary boiling. Other observers boil 
for “two minutes ” or for “some time.” Not one of the widely used 
static methods admits of repetition of the boiling-out process till con- 
stant results are obtained, and thus the only sure proof of the effective- 
ness of the attempt to remove impurities is lacking 2 (sec Section 2). 

Section 2. The Older Methods. 

Only certain methods will be here considered which are applicable 
over wide ranges of temperature, no mention being made of the tensi- 

1 These figures are mainly from Just, Z. phystk . Chem., 37, 354. 

1 A re-opening of the apparatus and repetition of the boiling out, or some equiva- 
lent process, so far as we have noticed, is mentioned only as follows: Ramsay and 
Young, Phil Trans ., 177, 91 (1888), part of the observations with a single substance 
(NH4CI) only. Lescoeur, Ann. chim. phys. t [6] 16, 389 (1889). Beckmann, Z. physik. 
Chem ., 4, 534; Raoult, Ann. chim. phys., [6] 20, 301 (1890), liquid boiled, but not the 
mercury; method not applicable above 1 atm. Vanstone, J. Chem. Soc., 97, 429 
(19m). 
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metric, gas-current, dew-point, and other methods of limited range. 
Regnault’s classification of methods into ‘ 4 static” and “dynamic” may 
be followed. 

Static Methods. — As representing a large class of static methods, may 
be taken that form in which the substance is introduced into the Torri- 
cellian vacuum of a jacketed barometer tube. A special temperature 
error incident to this method arises from the difficulty of adequately 
stirring a tali bath of liquid, such as those used by several of the French 
investigators. The difficulties when the vapor of a boiling liquid is used 
for heating have been discussed already. The pressure measurement 
is naturally uncertain in those cases, which are by far the majority, 
where every part of the mercury column is not held at the same tempera- 
ture as the vapor chamber. 

But the chief source of error in this form of the static method lies in 
the impurity of the substance. In the first place, mercury vapor may 
be present as an impurity. We find Ramsay and Young at one time 
applying the correction for complete saturation of the vapor chamber 
with mercury vapor, while, under other circumstances, Young assumes 
the entire absence of mercury vapor. If the correction be made, its 
value, at least above 280°, has hitherto been uncertain. Far more serious, 
however, is the uncertainty as to the inclusion with the substance of 
gases and moisture from the air, absorbed or dissolved in the solid or 
liquid, or adhering to the walls of the tube. Some observers attempt 
merely so to fill the tube with mercury that visible bubbles are absent. 
In such cases large amounts of absorbed gases must be liberated when 
the heating begins. Even with thorough boiling out, visible bubbles 
(not to speak of absorbed and invisible gases) may remain. 1 To remove 
gaseous impurities, the most careful workers, for example, Ramsay and 
Young, 2 boil, first the mercury and then the substance, in the bar- 
ometer tube before inverting the latter. But even in such cases, save 
for the few exceptions mentioned in Section 1, a repetition of the boiling 
out, to test the success of the procedure, has never been attempted. 
What would the chemist say of a gravimetric method in which heating 
to constant weight played no part? The adhesion of the liquid to the 
top of the barometer tube, frequently cited, is, no doubt, evidence against 
the presence of free “air,” but hardly excludes the presence of dissolved 
and absorbed “air.” It may be questioned, also, whether obtaining 
almost identical pressures with varying volumes of liquid and vapor is 

1 Tammann, in a piece of work on the effects of small amounts of impurities (L c.) t 
boiled out thoroughly, and remarks that after this treatment there was “usually no 
air 'bubble* * in the tube. 

* Phil. Trans., 175, 461 (1884). Young, Stoichiometry , 131. 
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a proof of the absence of foreign matter. 1 At all events, Ramsay and 
Young's method, the results of which usually were satisfactory when 
judged by those two criteria, happened to be tested in a different way 
in a single instance. 2 This tube was filled with mercury, which was 
thoroughly boiled in the tube as usual. Without the introduction of any 
substance, however, this tube was heated at 280. i°, as for a determina- 
tion. When the tube had cooled, a permanent gas was found to have 
accumulated. Calculation showed that, while the tube was at 280. i°, 
this gas must have exercised a partial pressure of 2.9 mm. A second 
heating, if attempted, might have resulted in an increase in the amount 
of this gas. If a substance had been added, the amount of foreign gas 
could only have been still further augmented, so there is no assurance 
that these two tests are sensitive within ±3-5 mm. of foreign gas. Ram- 
say and Young’s results are probably not subject to a systematic error, 
on account of filling, of such dimensions as this, but their exactness is 
due rather to the skill of the experimenters than to an inevitable ac- 
curacy inherent in the method. 

The U-form apparatus, used by some investigators instead of a straight 
barometer tube, and applicable especially to pressures over one atmos- 
phere, is open to very similar sources of error. Of quite another type 
is the static method in which pressure is measured by means of the Laden- 
burg spiral gage. 3 Here again, however, what is chiefly to be desired 
is a procedure which will permit of repetition of the boiling-out process 
until constant results are obtained. 

If an individual observer with a constant personal equation has diffi- 
culty in duplicating results by the static method, it is not to be won- 
dered at that different observers differ among themselves. Take, for 
example, the vapor pressures of acetic acid at ioo°, all as measured by 
the static method: Landolt 408.5 mm., Ramsay and Young 417 mm., 
Wullner 473 mm.; those of butyric acid at 20 3 0 : Landolt 7.3 mm., 
Ramsay and Young 0.35 mm. 

Not the least of the objections to the static method is the almost un- 
bearable laboriousness of work which attempts to be accurate. Schmidt, 4 
after enumerating its difficulties, including one not noted by other ob- 
servers, namely that a number of barometer tubes had to be rejected 
before one was found in which the pressures with small amounts ofjvapor 
were not larger than with greater amounts, adds: “The static method 

1 Young, /. Chem. Soc., 55, 486 (1889). Abnormalities when the proportion oi 
the liquid phase is exceedingly minute have indeed been observed (Wiillner and Grotian, 
Ann. Physik , [3] n, 545; see also Ramsay and Young, Phil. Trans., 183, 107). 

* Phil. Trans., 177, 87 (1886). 

* Z . physik . Chem., 6i, 458; also Ibid., 68, 129. See No. V of this series. 

4 Z. physik. Chem., 8, 629. 



1418 general, physical and inorganic. 

has so many disadvantages, when compared with the dynamic, that I 
can only warn [observers] not to use it.” 

Dynamic Methods. — A simple form of the dynamic method consists 
in using a thermometer immersed in the vapor rising from a liquid boil- 
ing under various known pressures. So, for example, Regnault obtained 
his vapor pressure curve for sulphur, and Holborn and Henning their 
data for water. It is plain that such a method escapes the errors due 
to gaseous impurity, whether adhering or dissolved, and herein lies its 
chief advantage over the static methods. If a reflux condenser be em- 
ployed, moisture and condensable volatil impurities do not escape; 
while if the vapor is condensed in another vessel, the less volatil impuri- 
ties become concentrated in the residual liquid. In either case, if the 
current of vapor streaming into the condenser be a rapid one, the pres- 
sure within the flask is commonly slightly higher than the pressure at 
the distant end of the condenser with which the. manometer is connected. 
Irregular boiling may cause large errors, and is difficult to prevent. Use 
of a stream of air entering through a capillary vitiates the results, 1 so far 
as their value as vapor pressure measurements is concerned. Schmidt 2 
avoids bumping by placing a pad of cotton, saturated with the liquid, 
in the bottom of the flask. Regnault’s difficulties and results# in the 
case of mercury will be referred to later. 3 

Ramsay and Young sought to overcome the bumping and superheat- 
ing difficulties, as well as the disadvantage of the large quantity* of ma- 
terial required, and to avoid the need of a bath which could keep the 
apparatus at a constant and known temperature, by means of their well- 
known method. 4 In this, the liquid is allowed to trickle on to cotton en- 
veloping the thermometer bulb. This bulb is situated in a flask sur- 
rounded by a bath, the temperature of which need not be constant or 
definitly known, but must be at least 20 0 higher than that shown by 
the thermometer. When the pressure, which is read by means of a man- 
ometer in connection with the flask, is altered, the temperature as shown 
by the thermometer changes spontaneously to correspond. It will be 
seen that the thermometer readings are subject to the correction for the 
“compression coefficient,” as noted by us in a former paper, 8 although 

1 For discussion of this, and of other sources of error, see No. II of this series, 
This Journal, 32, 91 1. 

* Z. physik. Chem., % 440; 8, 628, 

* See No. IV of this series, following. 

4 Phil. Trans,, 175, 37 (1884); /. Chem. Soc ., 47, 42; Young, Stoichiometry , 140 
Ostwald-Luther, [2] 177. 

* This Journal, 32, 905. The purpose of this paper, on “A Common Thermo- 
metric Error in the Determination of Boiling Points under Reduced Pleasure/* 9eems 
not to have been made sufficiently clear in the paper itself. Physicists have long 
been familiar with the “compression coefficient/* although even some of them ignore 
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this correction, amounting in certain cases to nearly 0.2°, is not men- 
tioned in any of the published descriptions of the apparatus, or applied 
so far as we have seen, with a single exception, on any of the numerous 
occasions on which the method has been employed. 

The error due to impurity is here to be looked for from the presence of 
air in the cotton wool and also, more especially, dissolved in the liquid. 
Fresh supplies of liquid with its dissolved “air” are constantly being 
introduced, nullifying any possibility of permanent expulsion by boiling 
out. The chief advantage of the simple dynamic method is thus lost, and 
the chief disadvantage of the static method is re-introduced. Should 
the liquid have acquired a non-volatil impurity, or contain by heredity 
an impurity less volatil than itself, it is plain that such impurity must 
gradually become more and more concentrated in the cotton surrounding 
the thermometer bulb. The method is not applicable to pressures much 
greater than atmospheric, or to liquids ( e . g., mercury) which do not wet 
cotton, and is of questionable value for solids. 1 

Section 3. The Apparatus. 

The special feature of the submerged-bulblet vapor pressure apparatus, 
already described, 3 consists in the facility with which, using only a mi- 
nute amount of the substance, the expulsion of dissolved and adhering im- 
purities may be continued until constant values for the vapor pressure 
are secured. This important feature is precisely the one most conspic- 
uously required to give trustworthiness to the static method and, as we 
have seen, most conspicuously lacking in the standard forms of apparatus 
working on the static principle. Now, while the bulblet method was 
being reduced to suitable form, we perceived that a modification of the 
apparatus would convert it into a static instrument. This static ap- 
paratus retained the advantages of the important feature referred to 
without loss of ease of manipulation, and possessed also several addi- 
tional advantages over the regular static forms of apparatus. The 
simple bulblet was first changed by using a wider tube, instead of the 
capillary, and bending the lower end of the tube upwards. The whole 
had thus the form of a C, and an enlargement of the open end furnished 
a cup into which a confining liquid could be temporarily driven during 
the boiling-out process. The C-formed apparatus was tied to the ther- 
mometer, just as was the simple bulblet. To allow further liberty in 

it in vapor pressure work. The paper dealt with the types of thermometers commonly 
employed by chemists, and with the considerable dilatations occurring when large in- 
tervals of pressure are concerned. The effects cannot be ignored in vacuum distilla- 
tion and in vapor pressure determinations by the cotton-jacketed-thermometer 
method, for example, both of which are operations much used by chemists, and not 
hitherto associated in their minds with the necessity of employing this correction. 

1 See No. V of this series. 

1 This Journal, 32, 907. 
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the~choice of a confining fluid, the open limb was next lengthened so as 
to extend above the surface of the bath. After a series of minor changes, 
the form described below was finally adopted. 

It is necessary to describe the apparatus and the corrections used in 
minute detail, as only thus can the exact conditions be understood, and 
only thus can the data secured retain their value if, for example, sources 
of error which have escaped attention should subsequently be discov- 
ered. 

The Isoteniscope, Bath, and Stirrer. — The substance is placed in the 
spherical bulb, which is about 20 mm. in diameter (Fig. 1). The con- 
fining liquid occupies the lower half of the U-tube, which 
is 30-35 mm. in height. The small bulbs on each limb of 
the U-tube prevent the ascent of the confining liquid (by 
suction) into the bulb or the vertical tube. For the 
sake of compactness, the spherical bulb is placed behind 
the U-tube, and not in the same plane with it as shown 
(for clearness) in the figure, the purpose of the appa- 
ratus being to show when two pressures have become 
equal, the arrangement may be called an isoteniscope . 
The present form, to distinguish it from a different one 
to be described in a later paper, may be called the "static 
isoteniscope . A two-liter beaker of tall shape forms the 
bath. The vertical tube of the isoteniscope is about 24 
cm. long, so that the rubber connection is sufficiently far 
above the heated bath-liquid. 

When the substance being studied is a liquid, the 
lower part of the U-tube is charged with this liquid itself . 
When the substance thus acts as its own confining liquid, it has the 
great advantage over mercury that its specific gravity is usually small. 
Hence, when the levels in both limbs of the U-tube appear to the eye 
to be identical, the error, when converted into mercury height, is neg- 
ligible. 

It is only when the vapor pressure of a non-fusing solid is being deter- 
mined that the question of choosing a confining liquid comes up. The 
conditions to be fulfilled are that the confining liquid shall not have an 
appreciable vapor pressure of its own at the temperatures to be employed, 
and that the vapor of the substance shall not dissolve in it. A liquid 
which interacts chemically with the vapor of the substance should be 
avoided, especially if a gas is produced. But, as will be seen in the paper 
on ; tf& ^constitution of calomel vapor, a slow chemical action involving 
gyffias production is not prohibitory. Among the suitable substances 
mercury and melted paraffin at the lower temperatures, and fusible 
-®|bys or a molten salt or mixture of salts at high temperatures. In the 
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case of solids, it is necessary to charge the bulb before fusing it to the 
U-tube. 

To permit sufficient 
immersion of the ther- 
mometer (platinum re- 
sistance, or mercury) in 
the bath-liquid, beakers 
over 23 cm. high and 1 1 
cm. wide are used, and 
are filled almost to the 
brim. Beakers of Jena 
glass are necessary at high temperatures. The details in 
regard to bath liquids, and in regard to the handling of 
the beakers when a nitrate bath i , used, have already 
been given. 1 

The most essential part is to secure steadiness and 
equal distribution of the temperature. A cylinder of 
metal, or of glass (cut from a broken beaker), forms a 
necessary and sufficient jacket for the bath. The stirring 
apparatus, however, required especial attention. With 
stirring which was vigorous, and of the nature ordinarily 
considered satisfactory, perfectly constant pressures at a 
given temperature could no" be obtained. In spite of 
the great heat capacity of the bath-liquid, slight in- 
equalities in temperature between the substance and the 
thermometer arose. It appears that chemists are only 
beginning to realize that thermal equilibrium can be ob- 
tained only by the use of violent, almost riotous stirring. 
Richards 2 has recently called attention to the same fact, 
in connection with his highly exact thermochemical 
measurements. We changed the form of our stirring 
apparatus (Fig. 2) repeatedly before a structure occupy- 
ing a small area was secured which rotated with suffi- 
cient speed, and was so stiff of stem and so massive as 
to bearings and supports that it did not “whip” in the 
bath or produce too much noise. 3 When these condi- 
tions had been met, constant results, even with a resist- 




qp 


Fig, 2. 


1 This Journal, 32, 899. 

* Jhid ., 31, 1280 (1909). 

* The stirrer (Fig. 2) was made from an ordinary retort-stand ring. The rod (3 
nun. in diameter), driven rapidly by an electric motor, rotates in two holes bored in 
the ring, and is supported by a stout strip of brass (seen edgewise) which extends 
down almost to the first vane. The length from the lower side of the ring to the 
lowest vane is 28 cm. The vanes are in sets of three, each set 25 mm. in diameter. 
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ance thermometer giving a large galvanometer deflection for one hun- 
dredth of a degree, were ^easily secured, where before they had seemed 
unattainable. 

It is important to place the stirrer so that it may communicate some 
of its vibration to the substance (if a liquid) in the bulb. The resulting, 
constant agitation promotes the liberation of the vapor. It also prevents 
the limitation of the evaporation to the mere surface layer, a condition 
which would delay or prevent the complete elimination of dissolved gases. 

By use of transparent quartz for the vaporizing vessel, and a quartz 
beaker, there is no reason why this method should not give exact deter- 
minations of vapor pressures and of dissociation pressures up to the 
softening point of quartz. Vapor pressures have not yet been measured 
accurately at such temperatures and, for dissociation pressures, the 
combination of a platinum heating chamber fused to a U-tube of glass, 
to render the confining liquid visible, 1 has several disadvantages. 

The Platinum Resistance Thermometer.— While a mercury ther- 
mometer may be used, the platinum resistance thermometer is, of course, 
a more exact and trustworthy instrument. Quite apart from this, how- 
ever, the latter has a special advantage in work of this kind, where the 
complete expulsion of foreign matter is ascertained by repeslted obser- 
vations, made at exactly the same temperature. After a second boiling 
out and equalization of the pressures, the temperature of the bath itself 
can be readjusted until the spot of light occupies its precise former posi- 
tion. Thus, while the actual temperature may not be known with a 
greater accuracy than ±o.i° or ±o.oi°, according to the precautions 
taken, this readjustment of the bath temperature may very easily be 
made with an error much smaller than these. 

The platinum resistance thermometer employed was of the form de- 
vised by Haagen. 2 In this form, the resistance wire is wound on a 6 
cm. length of quartz tube, of diameter somewhat over i mm., which is 
then inserted into a very slightly wider quartz tube. The outer tube is 
then fused on to the inner one, thus embedding the resistance wire in 
quartz. The “bulb” so prepared is fused to a suitable length (24 cm.) 
of wider quartz tubing which carries the platinum and silver leads. There 
are no compensation leads. 

For measuring resistance a Wheatstone bridge arrangement was used, 
with an arm ratio of 10 to 1. The box resistances, of manganin, were 
calibrated, and the appropriate correction applied to all measurements 
made. The largest error of any of the single coils employed was 2.6 
parts in 10,000. The coils were not maintained at constant temperature, 
but, in order that the temperature correction applied might be as small 

1 John Johnston, Z . physik, Ckem., 6a, 330 (1908). 

* Z, angew. Chem. t 20, 565. 
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as possible, the temperature of the coils was kept close to that which 
they possessed when the fixed points were determined. The resistance 
of the thermometer was about 50 ohms at o°. The measuring current 
varied from 3 milli-amperes at o° to 1.2 at 445 °. No correction for 
heating by the measuring current was required when the thermometer 
was immersed in water, fused nitrates, steam at ioo°, or sulphur vapor 
at 445 0 . A small correction was necessary only when moistened ice, 
with its badly conducting, interstitial air spaces, surrounded the ther- 
mometer bulb. The sensitiveness of the galvanometer was such that a 
movement of the light spot of 1 cm. on the scale corresponded to 0.04° 
at o° and to 0.08° at 445 °. The fixed points used were the freezing 
point of water, the boiling point of water and the boiling point of sulphur. 
The boiling point of sulphur was assumed, in accord with Holborn and 
Henning, 1 at 445 °. Its true value may lie closer to 444 . 9 0 on the thermo- 
dynamic scale, 2 but, as this datum is liable to be changed by future ob- 
servations, it was thought better to adopt the rounder number. Ob- 
taining the ice point and the water boiling point presents little difficulty, 
if the usual precautions are observed. As is well known, however, the 
boiling point of sulphur found varies considerably with the size of the 
apparatus and the screening, etc., adopted. 3 We employed a gas-heated 
boiling tube of thin brass of 5 . 5 cm. diameter and 17 cm. length, jacketed 
by a thickness of 5-6 cm. of asbestos packing. The bulb was protected 
by a cone of asbestos paper, closed below, whose base was situated 10-12 
cm, above the surface of the boiling sulphur and whose apex was 20 cm. 
below the level of condensation. We were careful to employ the roll 
sulphur of commerce, and used a depth of about 8 cm. Kahlbaum’s 
crystallized sulphur contains volatile impurity. The reductions, for 
pressure, of the boiling points of sulphur and of water were made in ac- 
cordance with the data of Holborn and Henning. 4 As the constants 
of the platinum thermometer are known to be changed by prolonged 
heating, the fixed points were redetermined whenever the thermometer 
had been kept long at high temperatures. The following figures will 
give an idea of the degree of constancy of the thermometer used, and 
relate to an epoch when the thermometer was being heated at tempera- 
tures of 3oo°-445° for many consecutive hours: 1909, October 8th, 
R 0 *= 50.1150 ohms ; Oct. 1 8th, R 0 « 50. 1161 ; Oct. 22nd, R 0 ==50.1170. 
Here the total change amounts to o.oi°. The corresponding values of 

1 Ann . Pkysik, [3] 26, 833 (1908). 

• See Callendar and Moss, Pw. Roy. Soc. A , 83, 106 (1910); Waidner and Bur- 
gess, Butt. Bureau of Standards , 6, 149 (Nov., 1909). 

•See Eumorfopoulos, Proc . Roy. Soc . A, 81, 339 (1908); Waidner and Burgess, 
Loc. tit. 

*Loc. tit. 
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the fundamental coefficient were 0.00386366, 0.00386384, 0.00386671* 
These values approach the value for the purest platinum (0.00389). 

In reducing the results, the difference formula of Callendar was em- 
ployed. The constant 3 changed little from 1.6147 (using 445 0 as the 
boiling point of sulphur). If a lower value is assumed for the boiling 
point, the value of 3 is smaller. With resistance wires of impure plat- 
inum the Callendar formula requires modification. 1 To test the degree 
of its applicability to our wire and to ascertain whether, in the absence 
of compensation leads, correction was necessary for the change of resis- 
tance of the leads used, or for any other reason, two other standard tem- 
peratures were determined. Holbom and Henning 2 have determined 
upon their temperature scale the boiling points of naphthalene and of 
benzophenone, and also the changes in these boiling points for small 
changes of pressure. Their values are 218.039° and 306.081°, respec- 
tively; we found (a single observation) 218.075° (A = 0.036°), and 
(mean of the only two observations made) 306.089° (A * 0,008°), re- 
spectively. The correction to apply to the platinum temperature of our 
thermometer to obtain thermodynamic temperature (b. p. of sulphur 
445°) is at 218°, 4.154 0 , while at temperatures between 0° and 100° 
this correction has a maximum value, at 50°, of — 0.404°. * Our tem- 
perature measurements may, therefore, be considered accurate to* ±0. 1 0 
in the range 25o°-435° and to ±0.01 0 in the range 50°~90°. It may 
be remarked that, should it seem desirable, our temperature *scale may, 
from the data given, be readily reduced to correspond with any other 
boiling point of sulphur than that here adopted. 

The Pressure Gage and Barometer. — The gage consisted of a glass 
tube of 11 mm. inside diameter, of which the open limb and that con- 
nected with the apparatus were, respectively, 2 m. and 1.4 m. long. 
The latter limb was provided with a stopcock. A long mirror behind 
the gage eliminated the effects of parallax. 

The mercury heights were measured by means of a steel tape, the 
gradation of which was calibrated by comparison with a standard meter. 
From the results of this comparison, and the coefficients of expansion of 
the steel and of mercury, a table of corrections covering the whole range 
of the room temperatures was prepared. 

The mercury heights were read by means, of a fine, truly horizontal 
hair-line ruled on a strip of glass (a microscope slide), carried by a cursor 
or carriage. The cursor consisted of two spring collars of brass (10 cm. 
apart), connected together rigidly by a metal bar which carried a hori- 
zontal arm to support the microscope slide. The brass collars grasped a 



1 Callendar, Phil. 
Burgess, Loc . cit. 
*Loc. eit. 


Mag. [ 5 ], 47 > 191 (1899); Tory, Ibid., 50, 421 (1900); Waidxicr 
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mandril-drawn, seamless steel tube, 18 mm. in diameter and over 2 m. 
in length, which was fixed in a truly vertical position. This steel tube, 
along with the steel tape, gage, and mirror were attached to a long board, 
which was suspended by a rope and balanced by a counterweight. The 
whole gage could thus be moved vertically between guides, in such a 
way as to bring to the level of the eye the point at which the mercury 
stood. This kept the mercury accessible to convenient observation 
during the numerous manipulations connected with a reading. By the 
use of the cursor described above the somewhat tedious use of a cathetom- 
eter was avoided, with no sacrifice of accuracy. 

The heated air arising from the bath passed directly into the flues of 
a draught cupboard, within which the bath stood, and did not reach the 
gage, which was outside the cupboard. Moreover, the gage was 
shielded from heat radiated by the bath. 

Pure mercury from the laboratory supply was redistilled in vacuo 
before use in the gage, and was tested by the method of Hulett and 
Minchin. 1 A portion was redistilled twice in air to oxidize the more 
electropositive metals, if present. The potential difference between the 
two samples, when placed in N KC1 solution saturated with calomel, 
was le.ss than o 000003 volt. The metal was, therefore, of a satisfactory 
degree of purity. 

Since an open gage was used, the barometric height had to be read. 
The instrument was one made by Henry Green, of Brooklyn. The 
scale was already corrected for capillarity. The instrument was stand- 
ardized by comparison with a barometer, in which the tube was exhausted 
by means of a mercury pump until the McLeod gage showed a residual 
pressure of less than o 003 mm. The reading of the Green barometer 
was found to be correct. 

The following corrections were applied to the pressures: 

1. The pressures were reduced to mm. of mercury at o°. For this 
purpose five carefully compared thermometers, graduated to tenths of 
a degree, were suspended at intervals along the gage. To eliminate 
differences in mass and lag between the thermometers and the mercury 
in the gage, the bulbs of the thermometers were immersed in mercury 
contained in tubes of the same diameter as the gage. The coefficient of 
linear expansion of mercury used was 0.0001 8 18. The error in density 
of mercury due to its compressibility is negligible at the pressures em- 
ployed. 

2. The coefficient of linear expansion of steel used in calibrating the 
steel tape was 0.000011. 

3. The mercury heights were reduced to the sea level at 45 0 N. L. 
The value of the gravity constant, g, determined in the Ryerson Physical 

1 Physic. Rev. t ai, 388 (1905). 
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Laboratory of the University, namely 980 . 34, agrees precisely with that 
calculated from latitude and elevation. The value of g taken as the 
standard 1 was 980.665 cm. seer 2 , and the factor by which the observed 
heights were multiplied was therefore 0.99971. The amount of this 
correction is thus 0.25 mm. per 760 mm. 

4. In measuring the vapor pressures of water, since the temperature 
error in that case was less than ±o.oi°, suitable correction was made 
for the difference in level between the cistern of the barometer and the 
mercury in the open limb of the gage. A similar correction was 
made, when necessary, for the difference in level between the surface 
of the water in the bulb of the isoteniscope and the surface of the 
mercury in the closed limb of the gage. The amount of this correction 
is about 0.09 mm. per meter head of air. 

Other Parts of the Apparatus —The general arrangement of the 
apparatus is shown in Fig. 3, which is diagrammatic. The isoteni- 
scope and the gage were connected with a large iron bottle. Another 
piece of tubing leading from the bottle gave connections, by means of 
T-tubes, with (1) the atmosphere, (2) a vacuum reservoir and water 
pump, (3) a pressure reservoir, and compression pump. A stopcock on 
the first, and screw clamps on each of the other two tubes permitted any 
one to be used at will. The rubber tubing leading to the atmosphere 
was so long that it hung out over the edge of the base of the draft 
cupboard. s 

The water pump, with its residual pressure of about 20 mm., according 
to the temperature of the 'water, served our purpose very well, as no meas- 
urements of vapor pressures below 80 mm. were to be made. With a 
mercury pump, much lower vapor pressures could be studied with the 
same arrangement of the rest of the apparatus. 

The connections were made with thick-walled rubber tubing, wired at 
all junctions, and coated heavily with a suitable composition. No ten- 
dency to leakage was ever observed. 

The Manipulation. — The following statements apply particularly to 
the determinations of the vapor pressures of water below one atmos- 
phere. The modifications required when pressures over one atmosphere 
are measured, or when another liquid or a solid is used, will be understood 
without special description. 

When the temperature has reached the desired point, and has become 
constant, the exit to the suction bottle and pump is opened and remains 
open until the pressure in the iron bottle has been reduced to such a point 
that the water in the bulb boils, and the vapor passes freely through the 
confining fluid (itself also water) in the U-tube. The confining fluid is 
driven into the remote side of the U-tube and the bulb above it. When 
1 Troisifcme conf. g4n. des poids et m6sures, 1901, 66, 68.’ 
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the-air in the bulb,' and the gases adhering to the bulb and dissolved in 
the water have been driven out, air is cautiously admitted to the iron 
bottle through the exit to the atmosphere until the levels of the water in 
both limbs of the U-tube are identical. On account of the cooling of the 
substance in the bulb by evaporation, equilibrium is not reached at once, 
so that the adjustment has to be repeated until the levels in the U-tube 
remain constant. The finer adjustment is not easy to manage by the 
use of the stopcock alone, and the long rubber tube opening to the air 
is employed. When, for example, a slight increase in pressure is required, 
the tube is grasped with the hands at two places and air is admitted to 
the bottle in small portions at a time until equilibrium is attained. 

When the adjustment has been perfected, the stopcock on the gage 
is closed, the temperature reading is confirmed, and the gage and bar- 
ometer are read. Within the time required for making the gage read- 
ing, no variation occurred in the level of the mercury due to a change in 
temperature in the air confined in the closed limb. To make sure that 
volatil foreign matter or gas has all been expelled, the whole process of 
boiling out, adjusting, and reading is repeated until constant values are 
obtained. 

The temperature of the bath is then raised, and a new observation 
taken. Unless the substance is unstable, and decomposition products 
arise, repeated boilings at the second and higher temperatures produce 
no change in the values first obtained. 

Section 4. Criticism of the Method. 

It will be seen that the isoteniscope is free from the sources of error 
which affect the older forms of apparatus for determining vapor pres- 
sures. For example: 

1. The isoteniscope substitutes for mercury a confining fluid of low 
specific gravity and thus eliminates the error in leveling involved in some 
static methods. 

2. The apparatus dethrones mercury from its position as sple confining 
fluid, and substitutes a wide choice of liquids. In consequence, all er- 
rors due to the volatility of a foreign confining fluid, and to solubility of 
the substance in, or interaction of, the substance with suchi a confining 
fluid disappear entirely. 

3. By being adapted to use in a liquid bath {with violent ^stirring), the 

apparatus reduces to a minimum all errors due to unsteaclmess of the 
temperature, and to inequality in the temperatures of tb£ substance, 
its vapor, and the thermometer. ) * 

4. By providing a simple method for expelling air bubbles tud adher- 
ing and dissolved gases, and for repeating the expulsion until the success 
of the operation is demonstrated, the isoteniscope removes" a source of 
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error (and of total uncertainty as to the amount of that error) which 
destroys all confidence in the exactness of the results obtained by the 
older static methods. 

, 5. By permitting the making of an extended series of observations 
without using more than half of the sample, the apparatus obviates an 
error due to concentration of involatil impurities in the residue which 
affects some dynamic methods. 

6. By allowing the expulsion of accumulated gas immediately before 
a reading, the apparatus makes possible accurate measurements with 
many substances which decompose slowly to give a permanent gas. By 
the older static methods, accurate measurements in such cases was neces- 
sarily impossible. 

Aside from this avoidance of certain sources of error, the apparatus 
possesses some noteworthy advantages: 

1. A small amount of material suffices (usually less than 1 gram). 

2. The filling of the apparatus, and the manipulations involved in a 
measurement, are incomparably simpler than any other static method. 

3. The correction for dilatation of the bulb of the mercury thermom- 
ter (the so-called “pressure'* coefficient), which some dynamic methods 
involve, is avoided 

4. vSince, with liquids, no foreign substanc e (such as mercury) is pres- 
ent, the method permits measurements with all reasonably stable liquids, 
no matter how active, chemically, they may be. 

5. The method is applicable to all solids, provided a non-interacting, 
non-solvent, non-\olatil confining liquid can be found. When such a 
liquid cannot be found, a dynamic method to be described in a later 
paper (“Studies in Vapor Pressure, V’*) may be used. 

Section 5. The Vapor Pressures of Water. 

O11 account of the facts about water, some of which were brought out 
in Section 1, namely the ease with which natural impurities are removed, 
the relatively slight solubilities of gases in water, the more normal be- 
havior of water as shown in the work of Tammann and of Wullner and 
Grotian, and the relatively slight inconsistencies in the existing deter- 
minations of its vapor pressures, water is a suitable substance for afford- 
ing a test of the merits of the method. Moreover, no other substance 
combines all these qualities, and water is therefore at present the only 
suitable substance. 

There is no reason why mercury should not equal, or even excel, water 
in freedom from impurities and in regularity of behavior. Only the in- 
consistencies in the measurements which thus far have been made, and 
especially the utter disagreement of those above the boiling point, ren- 
der it ^suitable for comparing methods. 
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Results. — The isoteniscope was thoroughly steamed out, and distilled 
water, giving no appreciable residue on evaporation, was redistilled into 
it. The method itself provides for the expulsion of dissolved gases. 
The measurements were made with the apparatus described above, and 
the corrections before mentioned were applied. 

The observations were made by design as close as possible to tempera- 
tures, the values of which should be represented by whole numbers. The 
differences for one-tenth of a degree at each temperature, taken from 
EckholmV tables, were then used in making the very small adjustments 
required to reduce each observation to the nearest whole number of de- 
grees. The results of this operation are given in the following table (I) 
under S & M. The pressures in this column, therefore, are not smoothed 
results, such as may be obtained by graphical or other methods, but are 
essentially actual observations , subject to the irregularities which indi- 
vidual observations usually show. This enables them to afford the most 
rigorous test of the method, while the adjustment facilitates the com- 
parison with the data of other observers, which are usually given for 
whole degrees. The twenty-seven observations give, after adjustment, 
values at eleven different temperatures. 





Table I. 


0 


S & M 



Differences. 

H A H — S fc*M. 

/. 

No. of obttts. 

/* 

HA H. 

mm. 

Degree*. 

50° 

3 

92.27 

92.30 

+ O.03 

— 0^.006 

5i 

4 

97 03 

96.99 

— O.04 

4-0.009 

55 

X 

X17.87 

117.85 

0.02 

+0.004 

60 

2 

149 13 

149x9 

4*0 .06 

— 0.0X0 

65 

3 

187.19 

187.36 

4 * 0 . 17 

— 0.019 

70 

3 

233*44 

233*53 

4*0.09 

— 0.009 

75 

X 

288.78 

289.0 

4*0.22 

—0.018 

80 

I 

354*90 

355* 1 

4 0.20 

— 0.014 

85 

3 

433*54 

433*5 

— 0.04 

+0.002 

89 

5 

505-87 

506.1 

4*0.23 

— O.OII 

90 

1 

525 94 

525.8 

— 0 . 14 

— 0.007 


For comparison, we give under H & H the corresponding values found 
by Holborn and Henning 2 in the Reichsanstalt. These are undoubtedly 
the most accurate in existence. Their temperature scale is the same as 
ours. Their results are smoothed values, derived from numerous ob- 
servations. The greatest divergencies are 0.33 mm. and 0.019°. The 
algebraic sum of all the temperature differences, divided by the whole 
number of our observations (37), gives the mean divergence from H & 
H’s curve of a curve drawn through our observations. This mean di- 

1 Svensk. Vet. Akad., Arkiv. fdr Math., Astron., och Fysik , Band 4, Hftfte 2, No. 
29 (1908). 

* Ann. Physik , [4] 26, 833 (1908). The reason for accepting these value* as the 
most accurate will be apparent to any one who considers the details of the method used 
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vergeoce is — 0.0063°, which is well within the error which we assign to 
our measurement of absolute temperature (±o.oi°). The correspond- 
ing mean pressure deviation is +0.08 mm. This agreement is of especial 
interest since our method is static, while theirs was dynamic. 

Comparison of Other Methods. — We may now institute a compari- 
son between the results obtained by our method and those obtained by 
others, using Holborn and Henning's values as the standard of com- 
parison. 

Taking first the static methods, with which ours may most justly be 
compared, there are only two sets which included the region 50°~90°, 
namely those of Magnus and of Batelli. In both cases mercury was the 
confining fluid, and the U-tube form of vaporizing vessel was used. Mag- 
nus 1 boiled the mercury 4 ‘well” after its introduction. He also boiled 
the water for 1/2-3/ 4 hour, and then introduced it, while yet warm, 
through the open limb, by inclining the apparatus. Batelli 2 “caused 
the mercury to boil several times.” The water was introduced in a small 
glass bottle, after elaborate purification and subsequent boiling for twenty- 
four hours. No precautions to remove gases adhering to the small bot- 
tles are mentioned. 

In the first two columns of the following table (Table II), only the 
differences between the pressure values of Holborn and Henning and 
those of Magnus (M) and of Battelli (Ba), respectively, are given. These 
numbers are to be added to the published data, to give those of H & H. 
The other columns will be explained presently : 


Table II. 

(Differences from H & H.) 

Static. Dynamic. Recalculations. 


t. 

M. 

Ba. 

Rf. 

w. 

Br. 

T. 

E. 

50 ° 

+0 33 

+ I.85 

+0 28 


4 - 0.32 

0.22 

— 0-34 

60 

+0.61 

4 * 2.3 

4 - 0.36 


4-0 31 

— O.X9 

— 0.38 

70 

4 * 0.92 

+ 2.7 

+ 0.58 


4*0.22 

—0.14 

— 0.40 

80 

+ 1.2 

4 - 2.7 

+ 0.5 

—03 

+ 0.2 

0.0 

°*34 

90 

4 - 1 .0 

4-2.1 

4-0.3 

— 0.2 

4 - 0-3 

0.0 

— 0.2 

Av. 

-ho. 81 

4-2.3 

-fo.4 

—0.25 

4 - 0.27 

— O.II 

—o *33 


The average divergencies from H & H are: Magnus +0.81 mm. 
(or — 0.07°), Batelli +2.3 mm. These are respectively ten and thirty 
times as great as our average divergence. It must be noted that the data 
of these two observers are all smoothed values. 

Schell and Heuse* have recently determined the value at 50° (92.54 
mm.) by a static method. Our value (static) confirms that of H & H. 

225 (*844). 

* Ann. chin 1. pkyt., [6] 26, 410 (1892); [7] 3, 408 (1894). 

* Ann, Pkytik, [4] 31, 715. 
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On account of the extensive use which has been made of Ra msfety and 
Young’s static methods, both by themselves and by others, a comparison 
would be very instructive. Their barometer tube method, available up 
to nearly 760 mm., with the special device for filling so as td exclude 
foreign gases, was not applied to water, which is the only suitable sub- 
stance for making a rigid comparison. Their only determinations with 
water 1 begin at 120°, and are therefore not directly comparable with ours. 
The filling, of the tube 2 involved boiling of the substance, but not of the 
mercury in the tube. The differences between their values and those of 
H & H at their lowest temperatures are as follows: 120°, 4*4.9; 
130°, +6.6; 140°, 415.5; 150°, 40.7. The average divergence Is 
46.9 mm., or — o . 1 °, and is of the same order as that of Magnus. These, 
again, are smoothed values. This divergence is not due to the differ- 
ence between the scales of temperature used by Ramsay and Young 
(const.-vol. air-tlierm.) and by H & H, for this would not exceed 0.014° 
(corresponding to 1.3 mm.) even at 150°, and besides, if taken into ac- 
count, would increase the divergence. 

If we turn now to results obtained by dynamic methods, there are only 
three sets which include the region under consideration, namely those of 
Regnault, Wiebe ( 82 °~ioo°), and Holborn and Henning, ^egnault’s 3 
dynamic observations extended from 43° to 230°. In the column headed 
Rg of the foregoing Table II, we give the differences between the data 
of H & H and of Regnault, using for the latter the data calculated by 
the “H” formula. This was the formula which Regnault found most 
generally satisfactory, and it appears to be especially so within the region 
in question. Wiebe 4 made measurements from 82° to ioo° only. His 
results (Col. W), however, seem to be considered especially good by 
H & H, and they are weighted very heavily in Eckholm’s recalculation 
of the data which he considered. The average divergences from the re- 
sults of H & H are: Regnault, 40.4 mm. (or — 0.04°), and Wiebe 
— 0.25 mm. 

On account of the very large number of measurements made by Ram- 
say and Young, and by other observers, with their dynamic method, 5 
in which the thermometer bulb is surrounded by cotton saturated with 
the substance, a comparison of its performance with that of other meth- 
ods is extremely desirable. Unfortunately, although they made a series 
of observations with water, 0 they give no results and content themselves 
with stating that the values were “identical with those of Regnault.” 

1 Phil. Trans., A , 183, 107 (1892). v 

* Ibid., A , 178, 57 (1886); Young, Stoichiometry , 134 (1908), 

* Rel. des Experiences , 1, 465 (1847). 

4 Z. Instrumentenkunde , 13, 329 (1893). 

* See Section 2 of this paper. 

* Phil. Trans., 175, 48 (1884), j 
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It is & pity that they did not state more exactly the degree of approx- 
imation, and specify which of the appreciably divergent sets of data were 
used in the comparison— for example, the curve, the values calculated 
by “formula H" (those most commonly quoted, e. g., in the Chemiker 
Kalendar and Van Nostrand’s Chemical Annual ), or Brock's recalcula- 
tion (adopted by Ostwald in his Handb.). As we have seen, however, 
the method is open to serious criticism. 

Finally, in the last three columns (Table II) we give the results of Reg- 
nault, as recalculated by Brock (Br), the data of all previous observers 
as combined and recalculated by Thiesen 1 (T), which were adopted with- 
out change up to ioo° by Henning 2 in his most vigorous study of the 
same data, and the results of Eckholm’s (E) recalculation of the same 
data. As before, only the differences, H & H — Br, etc., appear. 

This comparison shows that, assuming Holbom and Henning’s values 
to be correct, the results by our method lie much closer to the true value 
than do those by any other static method. They likewise diverge much 
less than do the results of the recalculations of previous determinations. 
They lie also much closer than do the values obtained by the dynamic 
methods, although all writers are agreed that the dynamic methods 
give more trustworthy results than do the static ones which have hitherto 
been employed. 3 

The degree of self-consistency of the observations may be seen by in- 
spection of Table I. A more detailed study of the deviations from a 
smooth curve of the individual observations obtained by this method 
will be undertaken in the following paper on mercury. 

To determin definitly the merits of the isoteniscope, per se , it would 
be necessary to eliminate from the older observations the effects of the 
errors in the measurements of temperature and of pressure, and to iso- 
late the error due to the form of the vaporizing chamber and the method 
of handling the substance. It is unfortunately impossible to do this. 
It is to be noted, however, that the gage and thermometer errors are 
common to static and dynamic methods, and should be essentially alike 
in both. Now the average magnitude of the divergencies of the dynamic 
and static methods, respectively, from that of H & H are o 33 mm. and 

1 Ann . Physik , [3] 67, 692 (1899). 

* Ibid., [4] 22, 609 (1907). This was before the redetermination by Holborn and 
Henning. 

1 The much closer approximation of our results to those of H & H is not due to the 
facUthat the same scale of temperature was used by both, whereas the other observers 
used air thermometers (Regnault, a mercury thermometer). The difference between 
the scales at 50°-9o°, except possibly in the case of Regnault's values, is so small that 
it would equal only a fraction of the divergence in each case, and besides, wherever 
the differences in pressure are positive in the preceding tables, an adjustment to the 
thermodynamic scale would only increase the divergencies 
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1.55 mm. The excess of the static over the dynamic may perhaps be 
held roughly to represent the minimum value of the error of the older 
static methods per se. Now this difference is 1.22 mm., or about fifteen 
times the total divergence of our results due to all causes. 


[Contribution prom the Laboratories of General and Physical Chemistry of 
the University of Chicago.] 

STUDIES IN VAPOR PRESSURE: IV. A REDETERMINATION OF 
THE VAPOR PRESSURES OF MERCURY FROM 250° TO 435°. 

By Albxandbr Smith and Alan W. C. Mbnzxbs. 

Received August 20, 1910. 

Both for practical and theoretical purposes, an exact knowledge of 
the physical constants, and particularly of the vapor pressures of mer- 
cury, is of the greatest importance. Mercury is used in innumerable 
ways in research and in many instances the accuracy of the results de- 
pends on a knowledge of the vapor pressures of this substance. Since 
mercury shows no evidence of a tendency to association, and since its 
vapor is monatomic, presenting in the former respect a great contrast 
to water, and in the latter respect even to the liquids of more normal 
behavior, like benzene, an exact knowledge of its vapor pressures should 
be of the utmost value in the study of the laws pertaining to vaporiza- 
tion. The relations, for example, between temperature and pressure 
and between these two and heat of vaporization, on account of the ab- 
sence of complicating factors, should be of special simplicity in the case 
of mercury. Moreover, it is more easily obtained in a state of extreme 
purity than almost any other substance. Yet, in spite of all this, as 
Laby says, “the greatest — and it should be added, unnecessary — dis- 
agreement is to be found in the current values erf this vapor pressure/' 
For these reasons, and because accurate data were required for a study of 
calomel vapor which will shortly be published, a redetermination of the 
vapor pressures from 250 ° to 435 0 was undertaken. The range chosen 
was limited to the region required for this special purpose, but we intend 
later, with a longer gage, to extend the series. The theoretical study 
of our results is postponed until the longer series shall be available. 

Previous Determinations. — The work of previous observers has been 
subjected to a critical study and their data have been combined by Laby. 1 
We are not concerned with the values at low temperatures, of which those 
of Pfaundler, 2 Morley,* and Hertz 4 (the latter's extend to 207°) are in 
excellent agreement, and are irreconcilable with the erratic value! of 

1 Phil . Mag., [6] 16, 789 (1908). 

* Ann . Pkysik , [3] 63, 36 (1897). 

9 Phil. Mag., [6J 7, 662 (1904). 

4 Ann. Physik, [3] 17, 193 (1882) 
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Van der Plaats, 1 Hagen,* and McLeod.* As regards Regnault's 4 three 
low-temperature series, including observations up to 205 °, he himself 
states that they give data that are only approximate. The series of de- 
terminations discussed below are those which touch the region covered 
by our experiments. The data themselves will be found in a compara- 
tive table (Table VI) given towards the end of the paper. 

Regnault’s values at the highest temperatures are based, (1) on four 
old determinations of the boiling point of mercury (about 35 7 °) made 
with an air thermometer, two of which differ by about 2 0 at the same 
pressure, and (2) a new series from 25 1° to 51 1 . 7 0 . In the latter, the 
mercury boiled under varying air pressures. The temperatures were 
determined with a constant-volume air thermometer. The boiling metal 
began to bump occasionally at 345 0 and violently at 428°. The values 
near the ordinary boiling point are obviously discordant, as the three 
following observations show: 354.60°, 758.20 mm.; 354.83°, 761.87 
mm.; 356.69°, 754 .43 mm. Later workers have made much of Reg- 
nault’s statement that his results were inaccurate, but he makes no such 
admission in regard to these two sets of values, leaving them to speak 
for themselves. All he says is that the experiments were not done in 
the same way as those which he made with other substances, because, 
when the bulb of the thermometer was surrounded by vapor, constant 
temperatures could not be obtained, and in this case, therefore, the bulb 
was completely below the surface of the liquid. Owing to the great 
depth of the mass of mercury (50 kilos), the lowest layers must have been 
seriously superheated. 

Ramsay and Young’s* well-known series of vapor pressures of mercury 
was based upon four groups of observations. Young, in a paper which 
appeared five years after and seems to have escaped notice,® utilized 
later values for a part of the fundamental data, and gives a corrected 
and very considerably altered table (see Table VI). The four original 
groups of observations were : 

1. Four static measurements with mercury in a U-tube 7 heated by 
the vapor of methyl salicylate boiling at a known pressure. The tem- 
perature of the vapor was ascertained indirectly from a previously de- 
termined p.-t. curve. This p.-t. curve not having given satisfactory 

4 Rec. trav. chim ., 5, 149 (1886). 

* Ann. Physik , [3] t6, 610 (1882). 

* Brit. Assoc. Rep., 1883, 443. 

\ 4 Mem. Acad. Set., 21, 30, 502 (1847); 26, 506 (1862). 

• J. Chem. Soc,, 49, 37 (1886). 

• J. Chem. Soc., 59, 629 (1891), Not referred to in Landolt and Bttrnstein, [3] 
(1905), nor in Abegg’s Handb II, ii (1905), which give the old set of values. 

T For proof of the difficulty in excluding foreign gases from such a tube see pre- 
.ccding paper, Sec. 2. 
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results in other cases, Young, in the second paper, discards these obser- 
vations and substitutes for them two new readings with aniline vapor 
as the heating agent at 183. 7 0 and one with quinoline vapor at 236.9°. 
These temperatures (const.-vol., air- therm, scale) are therefore ascer- 
tained indirectly as before. 

2. Two static measurements with mercury in a U-tube heated by the 
‘ vapor of bromonaphthalene boiling at known pressures. It is a little 
difficult to make out the exact status of this part of the data. These 
were old observations, originally made as part of a study of the vapor 
pressures of bromonaphthalene. 1 On that occasion, the temperature 
corresponding to the observed bromonaphthalene pressure was ascer- 
tained by taking from Regnault’s formula the temperature at which 
mercury exercised the vapor pressure observed in the U-tube. These, 
along with three other series of measurements made in a different way, 
were employed in making the bromonaphthalene p.-t. curve. They 
entered directly into the making of the curve, and were used also for 
ascertaining the correction of an English thermometer employed in one 
of the other (the fourth) series. 

On the present occasion they play the reversed roles of measurements 
of the vapor pressure of mercury. One of these agrees with tile final 
p.-t. curve of bromonaphthalene and the other is adjusted by altering 
the temperature o 4 0 to bring it onto this curve. As these results are 
retained and used by Young in the second paper, it is necessary* to con- 
sider their probable accuracy. 

The values, as adjusted, were considered to be correct for two reasons. 
One was because they gave normal results when used in the study of 
certain vapor pressure relations of water and bromonaphthalene, ex- 
pressed by the formula R' = R + c (t r —t). 2 But water is an abnormal 
substance and is admitted to be unsuitable for the study of this relation, 3 
so that the agreement of the results with the theory in this instance af- 
fords no guarantee of the accuracy of the data. The vapor pressures 
of mercury adopted on the basis of this observation, when compared 
with those of water in the light of the same relation, again showed good, 
but, for the same reason as before, unavailing agreement with the theory. 
The value of the results must be judged, therefore, .solely by the other 
reason for considering them correct, namely, the accuracy of the p.-t. 
curve of bromonaphthalene on which they are based. 

This curve 4 is founded on several series of observations. Two series 
were made by Ramsay and Young's dynamic method, 5 in which the 

1 J. Chem. Soc., 47, 65 (1885). 

* Phil. Mag. [5], 20, 515 (1885); 22, 33 (1886). 

* Young, Stoichiometry (1908), 144. 

4 J . Chem. Soc. t 47, 646 (1885). 

5 For detailed criticism see preceding paper, Sec. 2. 
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thermometer bulb is surrounded by cotton and immersed in the" vapor. 
No correction for dilatation of the bulb 1 is mentioned, but its absence 
would not affect the results at 280°, with which we are concerned, as the 
pressure is there atmospheric. The objections on account of the intro- 
duction of dissolved gases along with the liquid, and of the gradual con- 
centration of impurities, however, still remain. The results of the second 
series are below those of the first by o.8° at 278°. In the fourth series, 
the bromonaphthalene boiled in a tube under known pressures and its 
temperature was ascertained by means of a thermometer immersed in 
the vapor. This was the thermometer standardized by assuming Reg- 
nault’s vapor pressure curve of mercury to be correct. The results are 
above those of the second series at 280° by 1 9 0 . The temperatures in 
these series were all reduced to the constant-volume, air- thermometer 
scale. The third series consisted of the pair of observations first re- 
ferred to. 

It appears, therefore, that these tw r o observations are not independent 
of the p.-t. curve of bromonaphthalene, and that the latter is made from 
data diverging as much as 1 9 0 at 280°. 

In a later paper, Young 2 refers to certain discrepancies in results ob- 
tained by the use of the p.-t. nine of bromonaphthalene vapor, which 
he believes to be due to a slight underestimation of the temperatures at 
280°. Table IV, however, will show that these two sets of observations 
from 183 7 to 280° are probably much more accurate than those of 
Hertz in the same region. 

3. The third group of data pertaining to the vapor pressures of mer- 
cury used by Ramsay and Young consisted of the four boiling points of 
mercury originally employed by Regnault, two of which differed by 2 0 
at the same pressure. Young, in the later paper, rejects these and sub- 
stitutes Callendar and Griffiths' 3 determination of the boiling point of 
mercury at 760 mm., reduced to the sea level at latitude 45 °, the value of 
wdiich is generally quoted as 356 76° (const. -press, air-therm, scale). 
In this work, the details of which cannot be discussed here, the authors 
used values obtained with four improved platinum resistance thermom- 
eters, each compared in the vapor of boiling sulphur and at o° and ioo° 
with a constant-pressure air-thermometer. The mean result, reduced 
to the basis of the S b. p. — 444 53 °, which the same observers had de- 
termined, was 356 76°. The mean of the results with five earlier, trial 
platinum thermometers, similarly reduced, w r as 356.74°. A final set of 
three “very careful’ ’ observations with a new platinum thermometer gave 
the mean value 356.73°. The final mean value with the five best ther- 

1 This Journal, 32, 905. 

* J. Chem . Soc. f 77, 1147 (1900) 

1 Phil. Trans., A , 182, 150-2 (1891)- 
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mometers is 356.74°, in exact agreement with that of the five earlier in- 
struments. 

4. The fourth, and last, of the groups of observations used by Ramsay 
and Young consisted in two static measurements of the vapor pressure 
of mercury when heated by boiling sulphur. For the temperature, Reg- 
nault’s boiling point of sulphur, 448.34°, the only one then available, 
was used. Young retains the pressure data and substitutes Callendar 
and Griffiths’ 1 value for this boiling point (444.53°). According to 
Ramsay and Young’s table, a difference of 4 0 , such as this, corresponds 
to a change in pressure at 445° of 139 mm. Hence this substitution 
greatly altered the value at 445 °, as well as all the values between 760 
and 2850 mm., which, in the absence of intermediate determinations, 
were all obtained by interpolation. 

The vapor pressures were determind by heating the mercury in an 
apparatus shaped like a round-bulbed thermometer, with the stem bent 
into a horizontal position. The mercury, when cold, filled the bulb and 
a part of the stem, and was driven along the latter, compressing the air 
in the end, when mercury vapor was formed in the bulb. The bulb and 
a portion of the non-horizontal part of the stem of this thermometer- 
shaped apparatus were surrounded by the vapor of sulphur boiling in a 
vessel which in one experiment was a flask and in the other a wide 
test tube. Dr. Young, whom we desire to thank for most courteously 
giving us additional information on a number of points, states that the 
air column, before compression, was approximately 400 mm. uTlength. 
At four atmospheres pressure its length was thus reduced to 100 mm. 
Since the reading was probably accurate to ±0.1 mm., the pressure error 
should be only ± 1 in 1000, or about 3 mm. The accuracy of the pressure 
reading was therefore satisfactory. 

It is unquestionable, however, that in assuming that the bulb was 
really heated to 444. 53 0 by the arrangement used, a serious error is in- 
troduced. The flask and test tube containing the boiling sulphur were 
not covered or protected in any way. Now, Callendar and Griffiths 
devote much space in their paper to a detailed description of their obser- 
vations on this point. They used a Victor Meyer vapor density tube 4 
cm. in diameter. Even when such a tube was padded externally with 
asbestos to retain the heat, the temperature reached by the thermometer 
was only 442.38°. They showed that the temperature of their ther- 
mometer (corresponding in Ramsay and Young’s experiment to the 
bulb) was reduced by the trickling down of condensed, cooled sulphur 
and by radiation to the layer of condensed sulphur on the walls. By 
introducing a little hood to divert the sulphur running from the stem, 
and two cylindrical screens (one of metal and one of glass) to stop radia- 

1 Phil* Trans., A , 182, 1x9 (1891). See also preceding paper, Sec. 3. 
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tion, they finally brought the observed temperature up to 444. 53 °. In 
Ramsay and Young’s experiment, therefore, the temperature actually 
reached was probably not far from 442.38°, or about 2 0 short of the 
value assigned to it by Young. 

Gebhardt 1 boiled mercury in a glass globe. The temperatures of the 
vapor were taken with "a thermometer,” presumably a mercury ther- 
mometer. No attempts to standardize the instrument, or to correct 
the readings for exposed thread or dilatation are described. Correc- 
tions of the gage are likewise lacking. But the pressures are given to 
tenths of a millimeter (see Table II). 

Cailletet, Colardeau, and Rivifere 2 determined, by a static method, the 
vapor pressures in atmospheres from 400° to 88o°. The results are of 
interest as showing the order of the pressures at very high temperatures. 
The authors state that their results are sensibly the same as Regnault’s, 
so far as the latter extend. Laby used these results although he re- 
jected Regnault’s, and this accounts for the fact (see Table VI) that above 
360° his figures are higher than those of Young. No information as to 
the values assumed for the fundamental points, or as to the scale of 
temperature employed, is given. 

Summarizing the history of this subject, we find that our knowledge 
of the higher vapor pressures of mercury rests on no very secure founda- 
tion. The boiling point at 760 mm. is the only point ascertained with 
precision. Not one observer makes any statement in regard to the 
purity of his mercury. Aside from Callendar and Griffiths, Regnault 
is the only investigator who states what he did in every experiment 
with perfect lucidity and completeness. Unfortunately, his results at 
closely adjacent points are inconsistent, his temperatures are those of 
the liquid and not of the vapor, and his air thermometer was inexact in 
its readings. 

The Vapor Pressures of Mercury. — The apparatus used was identical 
with that described in the preceding paper. 8 The U-tube of the static 
isoteniscope contained mercury. The mixture of potassium and sodium 
nitrates was used as the bath liquid. The vibration communicated 
from the stirrer prevented bumping, which otherwise might have occurred 
when the metal in the bulb was allowed to boil. 

The mercury, already distilled in vacuo, was redistilled in the same way 
at the rate of 30 cc. per hour. It was then washed ten times with dilute 
nitric acid in a tube 1.3 meters long, by the method recommended by 
Hildebrand. 4 This method is like Ostwald’s excepting that the metal 

1 Ber . physik. Ges., 7, 184 (1905). 

* Compt. rend ., 130, 1585 (1900). 

8 This Journal, 32, 1419. 

4 Ibid ., 31, 933 (1909). 
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is strained through muslin, which divides it into extremely small streams, 
instead of being allowed to enter the acid in a single stream. It was 
then dried and tested by the method of Hulett and Minchin, 1 which is 
incomparably the most sensitive. A portion of the metal was distilled 
twice in air, which oxidizes the more active metals, if present. Samples 
of each lot were then placed in a cell containing N KC 1 solution saturated 
with calomel. The potential difference of the two samples was less than 
0.000002 volt, the limit of sensitiveness of the galvanometer employed. 
The method is capable of detecting one part of zinc in 10 10 parts of mer- 
cury, and corresponding amounts of other active metals. The mercury 
in the gage was also tested and found to be of a like degree of purity. 

The corrections and the precautions, such as frequent redetermina- 
tions of the fixed points, were identical with those used in the observa- 
tions with water which are recorded in the preceding paper. 

Two series of readings, hereafter named the first and second series, 
were completed. In the first attempt to make the second seiies, the 
isoteniscope broke after the fourth reading. Since the next, and success- 
ful second series overlapped the first series for a considerable distance, 
rendering the four observations in the same region unnecessary, and 
since the instrument may have been defective before the tfreajmge oc- 
curred, the four readings of the abortive series were not used. Aside 
from those four, every observation that was completed is recorded in 
Table I. The results, 43 in all, are given in the order of ascending tem- 
peratures, in which they were obtained. The members of the second 
series are distinguished by an asterisk. 

It may be noted that an alteration in the zero of the thermometer, 
requiring a change of about o. i°, occurred between the first and second 
series. On account of the overlapping, however, the individual obser- 
vations are affected only to the extent of 0.05°. The aim was to secure 
observations with a temperature error of less than ±0.1 °. The tem- 
peratures are worked to hundredths of a degree as, although not accurate 
to one unit in this place, the second decimal has nevertheless some .sig- 
nificance. 

The temperatures are on the thermodynamic scale, and assume the 
boiling point of sulphur to be 445 0 on that scale. If, later, a slightly 
different value for this point should be finally accepted, the preceding 
paper supplies the data required for any recalculation. If the S b. p. 
is taken o i° lower ( 7 . c. f 444 9 0 ), which is the present most probable 
value, then at 35 7 °, for example, a correction of — 0.06° is required. 

The error of the individual gage readings, considered by themselves, 
is less than ±02 mm. The pressures are given to hundredths, although 
the second place has very little significance. 

1 Physic . Rev ., 21 , 388 ( 1905 ). 
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Critical Study of the Results. — The observations were first plotted on a 
large scale, equivalent to a piece of cross-section paper 118 x 220 cm., 
and a smooth curve was drawn through them. This made easy the 
selection of three points, from which a Kirchoff-Rankine-Dupr6 formula 
was calculated. From this formula the pressures at every 2 0 in the region 
studied were reckoned. By linear interpolation, which is sufficiently 
accurate for intervals of 2 0 , the calculated temperatures corresponding 
to the observed pressures were then obtained. A study of the diver- 
gencies of the calculated and observed temperatures now showed that an 
alteration in two of the fundamental points would cause the formula 
better to fit the observations as a whole. With the very slightly altered 
points the whole process was repeated, and a further slight change in all 
three points was made. Thus, after two approximations, a final set of 
three points and a corresponding formula of a very .satisfactory nature 
were secured. The fundamental points on which the final formula is 
based are : 

264.16°, 106 52 nun., 356 95°, 760 mm.; 433.96°, 2598 67 mm. 
The formula is log /> — A B/fl + C log 0, or, with the constants 
inserted : 

log/? - 9 9073436 — 3276.628/8 — 0 6519904 log 0 , (R) 

where log B « 3 5154272; log C = T 8142412. 

The following table contains, the reference numbers of the experiments 
(Col. 1), arranged in the order of ascending temperatures, with those of 
the second series distinguished by an asterisk; the observed pressures 
(Col. 2); the observed temperatures (Col. 3) ; the temperatures calculated 
with the use of the formula by the process indicated above (Col. 4); and 
the differences (A) between the observed and the calculated tempera- 
tures. 

If the formula fitted the observations exactly, the algebraic sum of 
the divergencies should be zero. It is actually +0 07°. A change of 
0.003° in the middle point might improve the correspondence, but it 
did not seem desirable at present to attempt any such refinement. 

Since the calculated temperatures lie on a smooth curve, the diver- 
gencies from them of the observed temperatures represent essentially 
the irregularities in the individual observations. A study of column 5 
will, therefore, show the degree of consistency of the results. Of the 
forty-three observations, thirty show very small deviations, ranging 
from o.oo° to 0.05°. In eight cases the divergence is from 0.06° to 
o,io°, in only five cases does it exceed o.io°. Observation No. 37 is 
undoubtedly defective, on account of a misreading of the resistance or 
of the gage. The mean deviation from the smooth curve of a single 
observation (including No. 37) is 0.050°. This is well within the limit 
proposed for the accuracy of the absolute temperature measurements. 
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Tablb I. — The Observations. 



Press 

Temp. 

Temp. 



Press. 

Temp. 

Temp. 


No. 

obsd. 

obsa. 

calc. 

A. 

No. 

obsd. 

obsd. 

calc. 

A. 

I 

82 .08 

253-97 

253 91 

— 0.06 

23 

747 - 81 

355 98 

356.05 

+0.07 

2 

96.84 

260.35 

260.36 

4 - 0.01 

24 

765-44 

357-32 

357-34 

-fo.02 

3 

IO6.52 

264.16 

264.16 

0.00 

25* 

769 26 

357-72 

357-62 

— 0. 10 

4 

II7.04 

267.99 

267.96 

— 0 03 

26 

817.00 

361 .04 

360.99 

— 0 05 

5 

128.57 

271 .82 

271.81 

— O.OI 

27* 

836.43 

362.43 

362.32 

— O.II 

6 

141.05 

275.68 

275.66 

— 0.02 

28* 

885.76 

36562 

36558 

-*—0.04 

7 

169.82 

■ 283.61 

283.55 

— 0.06 

29* 

932.66 

368.54 

368.55 

4-0.01 

8 

210.79 

293.07 

293.04 

—0.03 

30* 

1002.55 

372-74 

372-74 

0.00 

9 

236.96 

298.34 

298.31 

— < 0.03 

31* 

1008.68 

378 66 

37869 

4-0.03 

10 

273-24 

304-75 

304-86 

-fo. 11 

32* 

1210.58 

383 95 

383 99 

4-0.04 

Ii 

309 73 

310.75 

310.77 

4-0.02 

33 * 

1265 .60 

386.66 

386.69 

4-0.03 

12 

334 92 

314-33 

3 I 45 I 

4-0.18 

34 * 

1326.12 

38956 

389-56 

0.00 

13 

428.93 

326.65 

326.69 

+0.04 

35 * 

142597 

394-04 

394-°7 

4-0.03 

14 

457 - 1 ° 

329-87 

329.91 

4-0.04 

36* 

167534 

404.28 

404-32 

4-0.04 

15 

498 .OI 

334-16 

334-30 

4-0.14 

37 * 

1744-34 

407.17 

406 . 94 

—-0.23 

16 

537-55 

338.21 

338.27 

4-o .06 

38 * 

1847-35 

410.66 

410 69 

4-0.03 

17 

586.76 

342.$2 

342 . 88 

4-0.06 

39 * 

2037-15 

4 I 7 .I 7 

417.19 

4-0.02 

18* 

635-00 

347 -13 

347-11 

— 0.02 

40* 

2125.78 

420.10 

420.07 

—0.03 

19 

642.22 

347-74 

347-72 

— 0.02 

41* 

2334-34 

426.52 

426.47 

—0.05 

20 

697-73 

352 - 13 

35223 

4-0.10 

42 * 

2599.17 

434.02 

433-95 

— 0.07 

2 I* 

697.72 

352.24 

352.23 

— 0.01 

43 * 

2624 35 

434.71 

434-65 

— 0.06 

22 

732.13 

354 85 

354 87 

4 - 0.02 







Comparison with Other Methods. — The qualities of the method used 
are best seen by applying the same mode of study to the observ ations of 
other observers. Cailletet, Colardeau, and Riviere do not pliblish their 
observations, but only the rounded results. Ramsay and Young's ob- 
servations are not numerous enough for the purpose. Only in the cases 
of Regnault and Gebhardt 1 can the data be investigated as regards 
their consistency. In the following table (Table II) the observations of 
Gebhardt (taken from Laby’s paper, as the dissertation is not accessible) 
are given. It contains the observed pressures (Col. i), the observed 
temperatures (Col. 2), the temperatures calculated by the use of formula 
R (Col. 3), and the differences (Aj) between the temperatures as observed 
and as thus calculated (Col. 4). The algebraic sum of these deviations 
divided by the number of observations is -fo.8i°, showing that the ob- 
served temperatures are on the whole o.8i° below those calculated. 

A curve was drawn fairly to represent his results, and the divergencies 
of the individual observations from this curve are given under A, (Col. 5). 
The sum of these divergencies is -fo.2 0 , that is, approximately zero, as 
it should be. It will be noted that the individual temperatures, besides 
being, as we have seen, on the whole 0.81* too low, are exceedingly ir- 
regular. The mean deviation of a single observation from the smooth 
curve is 1.2 0 , or about twenty-four times as great as in the case of the 
present observations. The method is, in part, responsible for this. 

1 hoc . Cii. 
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Table II. — Okbhajrot's Observations 


Pres** 

obsd 

Tern 

obs< 

l 

Temp. 

calc 

A, 


A*. 


Press 

obsd 

Temp 

obsd 

Temp 

rale 

A, 


A>„> 


1 .00 

129 

0 

126 

O 

3 

0 

~ 3 

8 

94 

40 

2 56 

0 

259 

3 

4-3 

3 

-2 7 

5 

3 93 

1 57 

5 

'JR 

00 

4 

> 0 

9 

4-0 

1 

i f >5 

09 

-’64 

0 

263 

8 

- 0 

. 2 

I 

0 

8 2.’ 

176 

5 

178 

1 

» 1 

7 


0 

1 'j 

90 

^68 

0 

270 

0 

4 2 

0 

-2 I 

2 

1 2 51 

188 

0 

190 

3 

* 

3 

- I 

5 

120 

i 1 

271 

5 

271 

0 

O 

5 

I 

3 

21 07 

207 

0 

206 

3 

0 

7 

I 

4 

i 50 

8< > 

277 

5 

278 

4 

4 O 

9 

1 O 

1 

38 82 

'*4 

5 

2 2 6 

(> 

1 j 

1 

— 1 

J 

M 7 

5 < J 

278 

5 

277 

5 

- I 

0 

“ 1 

8 

46 49 

MO 

S 

2 32 

u 

• 2 

4 

* I 

6 

I85 

00 

2 SO 

5 

287 

3 

+ 0 

8 

O 

0 

5 i 5 # 

2 39 

0 

2 3 ‘ 

6 

* 0 

.0 

( * 

2 

224 

90 

-95 

5 

'95 

9 

4-0 

4 

O 

4 

08 4 • 

-’45 

r > 

' 4 . 

0 

1 j 

n 

* 1 

■ 

2M 

90 


5 

V '3 

3 

— 0 

8 

- T 

.6 

7 1 39 

248 

0 

24S 

0 

0 

6 

O 


308 

10 

V »9 

5 

3 ro 

' 

0 

7 

I 

5 

87 87 

'55 

0 

* V ' 

5 

* 1 

5 

O 

7 

$*lO 

*0 


0 

UH 

1 

L 3 

1 

x > 

3 


Renault's main series (j 51° to 512°) is exhibited in Table III. Col. 
3 contains the tempeiatures calculated by 0111 formula, and Col. 4 the 
differences between the temperatures as observed and as thus calculated. 
The mean deviation of a single observation is 1 84°. Col. 5 shows the 
tempeiatures as calculated by Regnault’s own formula (shorter form) 
and Col. 0 the differences between the temperatures as? observed arid as 
thus calculated. The mean deviation of a single observation fiom the 
smooth curve represented by Rcgnauh s formula is 3 2 9 0 . Our formula 
thus tits his results better than does his own The character of his work 
on this subject hardly justifies the extent to which his results have been 
quoted and used It must be leinembeied, however, that he does not 
discuss their exactness, much less (.hum for them any special accuracy. 
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i 5 

254 
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74 

' *8 

38 

-97 

2 1 

joS 

*4 

- i > 

9 $ 

-99 

28 


2 

‘>7 


80 

5 M 

06 

310 

< * 2 

- I 

9 <* 

31O 

88 


2 

82 

4 80 

31 

331 

(H. 

335 

07 

- I 

47 

3 33 

83 

2 

2 

23 

Om 

90 

34 * 

80 

346 

- 5 

l 

39 

546 

84 

4 

I 

95 

7O1 

87 

VM 

83 

357 

09 

1 2 

20 

357 

48 

4- 

2 

65 

7 58 

20 

354 

oo 

356 

82 

* 2 

22 

357 

22 

4 

2 

62 

»529 

On 

M2 

O0 

398 

50 

14 

46 

597 

7' * 


15 

26 

2O86 

2 

428 

35 

439 

3 1 

/ 

96 

433 

90 

4- 

5 

01 

}l8o 

6 

444 

oO 

448 

5* 

+ 4 

45 

445 

62 

4 

1 

56 

461 V 

8 

175 

7 \ 

470 

01 

o 

28 

472 

74 


2 

99 

731O 

7 

51 1 

0; 

5i5 

75 

- 4 

08 

509 

5« 

-- 

2 

09 

09**0 

1 

508 

53 

511 

72 

* 3 

19 

5<-\5 

75 

__ 

2 

78 

5906 

2 

499 

88 

498 

13 

— i 

75 

492 

79 

•- 

7 

09 

754 

43 

356 

69 

356 

54 

0 

15 

356 

95 

a 

0 

2O 


Comparison of all Observations. —Since it thus appears that the pres- 
ent observations are probably of a relatively high order of accuracy, it is 



1444 


GENERAL, PHYSICAL, AND INORGANIC. 


instructive to compare the results of other observers. In the following 
tables are given all the published observations, omitting those of Reg- 
nault and most of Gebhardt's. The initials arc those of the observers: 
Young (Y), Ramsay and Young (R Y), Hertz (H), Callendar and Grif- 
fiths (CG), Cailletet, Colardeau, and Rivi&re (CCR), Pfaundler (P), 
Morley (M). 

In the first table (Table IV) appear the observations above 200 °, with 
two others, and also the rounded values of C C R (no observed data hav- 
ing been published by them). Since in this region the chief experimental 
error lies in the measurement of temperature, rather than of pressure, 
the comparison is made in the same way as before. 


Table IV. - Other Observation's Chiefly \bove 200 °. 


Obsr. 

Pi ess ohsd 

Tfttip obsd 

Temp calc 

A 

Y 

... 9 94 

183 8 

I 83 . 6 2 

— O 18 

Y 

985 

183.7 

183.55 

— 0 35 

H 

... . 20. 35 

203.0 

R> 

0 

Vi 

Kj 

+ 2 20 

H 

... . 22 58 

206 9 

208 56 

4-1 66 

Y 

.. . 51 85 

236.9 

2.36 78 

— 0 12 

RY 

J -4 35 

270.35 

-’ 7 ° 13 

l-o 08 

R Y 

• • * • 157 15 

280 2 

283 23 

4-o 03 

C 0 

760 

Cn 

■*4 

0 

00 

.156 95 

~yO I 2 

CCR. .. 

1596 

400 

401 00 

1 I iX> 

RY-Y.. . 

2896 90 

443 15 

44 i 71 

— I 44 

R Y-Y .... 

2904 50 

444 IS 

441 92 

-2 23 

CCR 

3230 

450 

449 <>< 

-~o 35 

CCR 

6080 

500 

499 7 

• 0 3 

CCR. ... 

10488 

550 

549 0 

— I 0 

CCR 

. . . 16948 

600 

599 .4 

- 0 6 

CCR 

. . . . 25840 

650 

647 I 

- - I Q 

CCR 

38000 

700 

696 3 

3 7 

CCR 

77520 

Son 

804 . 6 

+ 4-0 

CCR 

1 23 1 20 

880 

889.6 

4-0 6 


Callendar and Griffiths’ value is the mean of all their boiling-point ob- 
servations reduced to thermodynamic temperature (S b. p. — 445 °). 
None of the other temperatures have been reduced. At the high tem- 
peratures (CCR), where the reduction would make the most difference, 
no data are furnished by the authors. The values of the temperatures 
near 443-444° (Young) are about 2 0 too high, for the reason already 
given. 

Table V contains all the observations below 200°. Since in this region 
the pressures are very low, the chief errors affect the pressures rather 
than the temperatures. In this table, therefore, the observed pressures 
(Col. 3) are compared with those calculated by formula R (Col. 4). The 
differences are given in column 5, and in column 6 is stated the percent- 
age of the calculated value which was observed (t. e, y calculated value = 
100). 
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Table V. ~ Observations below 200 


Obsr. 

Temp oI»m 1 Pi ess. obsd Press, calc. 

A. 

Percentage. 

P.... 

15 

O OOo8l 0.000844 

4 * 0 . 000034 

96 O 

M.... 

.... j6 

0 OOIO 0.000922 

—0.000078 

J08.5 

M ... 

30 

O 002 

7 0 00298 

-fo 00028 

90 3 

M ... 

40 

O OO5 

0 00648 

4 0 001 28 

80 2 

M.... 

50 

0 on 3 0 01339 

4 o 00209 

84.4 

V . 

.... 56 

3 0 01807 0 02068 

4 o 00267 

87 1 

M .. 

60 

0 0214 0 02648 

+ 0 0050 

80 8 

M .. 

70 

0 0404 0 0529 

4-0.0125 

76 4 

II .. 

. . . . 89 4 O 16 

0 1575 

— 0 0025 

101 6 

?.... 

.... <)8 

8 0 26305 0.26220 

— 0 oo < >8 

io.j 3 

H ... 

. .. 117 

0 71 

0 6552 

— 0 0548 

108 4 

ft. . . . 

... 129 

1 000 

1.144 

+0 144 

«7 4 

H 

• 154 

3 49 

3.3280 

— 0 162 

104 9 

0 

. . . . 157 

5 3 93 

3-718 

— 0 212 

* (> 5 7 

II 

• . . 165 

8 s 52 

5216 

— 0 304 

3 

O. . 

176 

5 8 

7-732 

—0 488 

106 4 

H . . 

. . 177 

4 8 20 

7 985 

— 0 215 

102 7 

U Y . 

1 *3 

A 9 87 

9 8670 

— 0 00 3 

100 0 

II . 

. . . . 184 

7 11 01 

10.322 

— 0 718 

T07 0 

0 . . 

188 

12 Si 

1 1 . 560 

—0 QS 

108 2 

H 

190 

4 12 8-) 

12.540 

- 0.35 

103 0 

Morley’s 

results 

were obtained by saturating carbon 

dioxide with 

mercury v 

3por. The calculated \ alues seem to represent 

the results as 

a whole fairly well. 






Table VI.-- Comparative Table of Rounded Results. 


Reg 

R & v 

V. G 

Laby 

s & M. 

- 55 ° 

8s 9 

8s 0 

... .... 

86.2 

84 44 

.'6o 

9 <> 7 

96 7 

96 5 TOO O 

0; 8 

95 94 

.* 7 < ) 

123 0 

123 9 

I24.O 120 O 

124 8 

123 02 

280 

155 

157 4 

157 8 158 8 

158 4 

1 s6 29 

?Q<> 

194 5 

198 0 

198 9 199 5 

199 3 

196 81 

$Ol ) 

242 2 

246 8 

248 6 249 0 

248.6 

-’45 85 

310 

°99 7 

301 0 

308 0 309 0 

307 7 

304 69 

3 - n 

368 7 

373 7 

c*> 

-.2 

00 

378.1 

374 - 8 - 

330 

45 ' > 9 

4 S 4 4 

461 7 

461 .3 

457 8 s 

34° 

548 4 

548 6 

559.1 . . . 

559 1 

555 54 

35 o 

663 2 

958 0 

672.5 

f >73 3 

669 77 

360 

797 7 

784 3 

803.7 . • • . 

805 Q 

802 6 2 

370 

95 4 7 

93 <) 3 

954 7 

959 - 

956 25 

380 

1 140 

1096 

1228 CCR 

1135 

1133 0 

390 

1347 

1284 

1325 - 

*337 

*335 4 

4m 

1588 

1496 

1549 1596 

1566 

156(1 1 

410 

1864 

1734 

1801 .... 

1826 

1827 6 

420 

2178 

2000 

w 

0 

00 

Cn 

21*9 

2123 4 

430 

-533 

2299 

2403 

2446 

2456 0 

435 


’459 

2572 

2628 

2637 5 

440 

^934 

2629 

2757 

2817 

2828.8 

445 

3153 

2808 

2939 

3018 

3031 -5 

450 

3384 

2996 

3*50 3230 

3229 

3345 0 
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The preceding comparative table (Table VI) gives the smoothed results 
of various observers, for the most part for every ten degrees. It com- 
prises only the region of the present experiments, with an extension of 
450°, to include the boiling point of sulphur and two values by C C R. 
The values under S & M are calculated from formula R, and those which 
are extrapolated are in italics. Laby’s recalculation took into account 
all the preceding data, excepting those of Regnault. But it will be seen 
that, above 340 0 at least, the errors in the latter are not as great as was 
at first suspected. 

The Boiling Point of Mercury.-- -As considerable interest attaches to 
the knowledge of the exact boiling point of mercury at 760 mm., the 
values found for that point by different observers may be compared. 

Regnault made seven measurements close to this point. The mean, 
when the results are reduced to 760 111m. and to thermodynamic tempera- 
ture 1 (S b. p. — 445°), and when all are given equal weight, is 357. 7 0 . 
The average deviation of a single observation from this mean is 1.34 0 . 

Callcndar and Oiiffiths’ lesult with the fne best thermometers, giving 
equal weight to each determination, is 35 (> 74° The correction to the 
thermodynamic scale (S b. p. - 445°) is about 4 0.34°, making the 
value 357 08°, with an average deviation of the individual observa- 
tions from this mean of o o:°. They believe that their absolute tem- 
perature measurement is coriect ±0 1 °. In judging of the piobable 
accuracy of this value it is to be noted that they heated their mercury 
at th bottom with a small flame. The layer from which the vapor pro- 
ceeded was therefore under a head of mercuiy indicated by the scale of 
their drawing to have been about 53 mm. The vapor was therefore 
probably superheated, and no mention is made of experiments to ascer- 
tain whether lowering or raising the thermometer altered the value of 
the observed temperature. We should expect, therefore, that their 
temperature would be, if anything, too high. 

The present value, from the formula, is 356 95 °, with the absolute 
temperature measurement believed to be accurate to ±0 1 °. The possi- 
bility of superheating is here eliminated. 

Table of Smoothed Results. — Finally, a table (VIII of the vapor pres- 
sures of mercury for every two degrees from o c to 458°, calculated by 
formula R, is given. The extrapolated values, below 255° and above 
435°, are in italics. The values below 255 0 probably represent, as we 
have seen, the somewhat divergent observations as well as would smoothed 
values made from these observations themselves. Intermediate values 
may be obtained by linear interpolation: 

1 As reduced by Dr Kdgar Buckingham, whom we have to thank for a private 
communication on the subject. His value, 357 1 °, was on the scale Sb p. --=444 9 0 , 
and we haw adiusted it to our scale 
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Tabi^b VII.-— Vapor Pressures op Mercury por Every Two Degrees. 

Temp, thermodynamic, press, mm. Hg at o° and normal g. Extrapolated values in 

italics. 


Temp. o°. 


4 ° 

6°. 

8°. 

o° 

0.000207 

0 000252 

0 . 000306 

0.000370 

0 . 000447 

IO 

0.000537 

0 . 000645 

O.OOO773 

0 . 000922 

0 00110 

20 

O.OOI3I 

0.00155 

O.OO183 

0.00216 

0 00254 

30 

0 . 00299 

0.00350 

O.OO4IO 

0 00478 

O.OO558 

40 

0 . 00648 

0.00752 

0 00872 

0 01008 

O.OII63 

50 

0.01340 

0.01541 

O.OI768 

0 02027 

O.O2319 

6o 

0.02648 

0 03020 

0 03439 

0 03909 

0 04437 

70 

0 . 05029 

0 . 05692 

0.06432 

0.07258 

O.08179 

8o 

0.09204 

0.1034 

0.1161 

0.1301 

0.1457 

90 

0.1628 

0.1818 

0 . 2028 

0.2259 

0.2513 

IOO 

02793 

0.3100 

0 343 * 

0.3807 

0.4212 

1 IO 

046 55 

0 5140 

O.5668 

0.6245 

O.6873 

120 

0.7557 

0 8301 

0 9109 

0.9987 

I.O94 

130 

1.197 

1 309 

I 430 

1.560 

1 .701 

140 

1854 

2 018 

2.195 

2.385 

2 59 ■> 

150 

2 811 

3 047 

3 302 

3.574 

3-866 

l6o 

4 *79 

4 5*4 

4 *73 

5 256 

5665 

170 

6.102 

6.568 

7 06.5 

7-594 

8.158 

180 

8.758 

9 396 

10 07 

10.79 

H.56 

190 

12.37 

*3 23 

14.15 

*5 u 

16.14 

200 

17 .22 

18 36 

*9 58 

20.86 

22.21 

210 

23 63 

25 *4 

26 72 

28.40 

30.16 

220 

32.01 

33 96 

36 02 

38 18 

40 45 

230 

4283 

45 34 

47.96 

50 72 

53 62 

24O 

5664 

59 82 

6 3 *5 

66.64 

70.29 

250 

74 10 

78.09 

82 27 

86.63 

91.19 

260 

95-94 

100.91 

106.09 

hi .50 

117 14 

27O 

123 02 

129.14 

* 35-52 

142.17 

149 09 

280 

15629 

163.78 

* 7* -57 

179 66 

188.08 

290 

196.81 

205.92 

2 * 5 - 3 * 

225.14 

235 31 

300 

245 85 

256.79 

268.13 

279 89 

292 .07 

310 

304 69 

3 1 7 * 77 

331-30 

345.32 

359-82 

320 

374-82 

390.34 

406 39 

422.97 

440.13 

330 

457-85 

476.20 

495 06 

5 * 4-59 

534 74 

340 

555-54 

576.99 

599 *3 

621.97 

645 57 

350 

669.77 

694.78 

720.56 

747 - 1 * 

774-45 

360 

8O2.62 

831 .60 

861 .44 

892.15 

923-75 

370 

956 25 

989.68 

1024 0 

* 059-4 

* 095-7 

380 

11330 

1171.4 

1210.7 

1251. 2 

1292.8 

390 

*335 4 

* 379-2 

1424 1 

1470.2 

*5*7 6 

400 

1566.1 

1615.8 

1666.9 

* 7 * 9-2 

1772.9 

410 

1827.5 

1884.1 

1941 8 

2000.9 

2061 .4 

420 

2123.4 

2186.9 

2251 .9 

2318.3 

2386.4 

430 

2456.0 

2527 -3 

2600.1 

2674.7 

2753-6 

440 

2828.8 

5908.5 

2990.0 

3073-1 

3 * 58.2 

450 

3245 0 

3333 * 

3424 5 

3517 r 

3611.7 
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[Contribution prom the Laboratories op General and Physical Chemistry op 
tub University of Chicago.] 

STUDIES IN VAPOR PRESSURE: V. A DYNAMIC METHOD FOR 
MEASURING VAPOR PRESSURES, WITH ITS APPLICA- 
TION TO BENZENE AND AMMONIUM CHLORIDE. 

By Alexander Smith and Alan W. C. Minzibs. 

Received September io, 1910. 

For high vapor pressures, to the measurement of which a vessel closed 
with a rubber stopper is unsuitable, a modified form of the submerged 
bulblet apparatus 1 may be used. The new apparatus is less easily con- 
structed, but, when made, has several advantages, for all purposes, over 
the simpler form. To avoid repetition, we mention only the few points 
in which the new apparatus differs from the old, and refer the reader for 
all further description and directions, and for a discussion of the theory 
and characteristics of the method, to the former papers. This instru- 
ment, to distinguish it from the static apparatus described in a preceding 
paper, will be called the “dynamic isoteniscope.” 

THE EXPERIMENTAL METHOD, 

The Apparatus.™ The opening C (Fig. i) is connected with the gage, 
the exit to the air, and the pressure (or vacuum) bottle and pump. 2 The 
bulb B (diameter 23 mm.) contains the liquid through which the stream 
of vapor is discharged. The bulblet A is made as a separate part and, 
after being charged with the solid or liquid substance under investiga- 
tion, is fused on to the side tube at the dotted line. When cut apart 
carefully at this point, after use, the apparatus may be employed re- 
peatedly. The bulb between A and B prevents access of the liquid in 
B to the bulb A. The total length from B to C is about 30 cm. 

The method of manipulation is the same as that described in connec- 
tion with the submerged-bulblet vapor pressure apparatus. 3 

Necessary Corrections. — When the apparatus is employed, the usual 
precautions and corrections in connection with the gage and thermom- 
eter are required. Two corrections are peculiar to this apparatus. One 
is that for imxnersed depth, measured in this instance from the surface 
of the liquid in B down to the opening of, or the point of ascension in, 
the capillary. 4 The second is that due to capillary ascension, which in- 
creases the pressure beyond that shown by the gage. 5 The amounts 
of both corrections may be measured together as follows : After the ob- 
servations are completed, and the bulb A has been cut off, the opening 

x Submerged bulblet papers: This Journal, 32, 897 and 907. 

3 For general arrangement, see this series, No. Ill, Fig. 3. 

* Loc. cit. 

4 This Journal, 32, 901, 

* Ibid., 32, 902, 
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C is connected with a wide tube standing in a beaker of water. The lat- 
ter tube is raised, drawing its water content with it until the surface 
of the confining liquid in B falls to the 
point of ascension, or until bubbles is- ^ - 
sue from the capillary, as the case may C 
require. The elevation of the water 
above the surface in the open beaker 
gives the value in water height of the 
capillary effect plus the submerged- 
depth effect. This is reduced to mer- 
cury height at o°, and added to the 
gage pressure, as usual. The interior 
of the capillary must be wet with the 
substance just before the measure- 
ment is made. As we have seen, the 
amount of these corrections is small. 

Characteristics of this Method. — 

The valuable characteristics of the sub- 
merged-bulblet apparatus, which ha\ e 
already been described in full are, of 
course, retained in this dynamic isoteni- 
fccope. This form of the apparatus pos- 
sesses, however, several additional ad- 
vantages: (1) It can be used for high 
pressures as well as low. (2) The" test 
tube in the former apparatus contains 
a large volume of the confining liquid. 

This acquires the temperature of 
the outside bath -and therefore trans- 
mits it to the bulb of the thermometer 
— rather slowly. Here the quantity 

of the confining liquid is much smaller. Then, too, the thermometer is 
hung directly in the bath liquid and a slight lag in the temperature of 
the confining liquid in the bulb B , if any existed, would have little or no 
effect upon the vapor pressure values obtained. This arrangement, 
therefore, permits the making of measurements of equal accuracy more 
rapidly. (3) The thermometer is not subjected to varying pressures, 
and the correction for the dilatation 1 of the bulb when the pressures are 
below 760 mm. is eliminated. Correction for compression of the bulb, 
due to the immersion in a liquid, may be made, but the magnitude of this 
correction is very small, averaging only 0.02° for 10 cm. immersion in 
water. 

1 This Journal, 32,1905. 
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When compared with the static apparatus, this dynamic apparatus 
will be seen to retain all the characteristics enumerated when that ap- 
paratus was described, 1 and to possess several additional advantages: 

(1) There may be difficulty, with the static apparatus, in finding a suit- 
able confining liquid. This difficulty cannot arise when the substance 
is a liquid, since the substance is employed in the U-tube to confine its 
own vapor. But when the substance is a solid, no liquid which has an 
appreciable vapor pressure of its own at the temperatures concerned, 
and none which interacts with the substance to give a gaseous product, 
and none in which the vapor of the substance is soluble, may be em- 
ployed. Cases, such as those of the ammonium halides, phosphorus 
pentachloride, etc., therefore arise in which suitable confining fluids for 
certain ranges of temperature are hard to find. Thus, for ammonium 
chloride, fused silver chloride might be used, but would be available only 
above its melting point (450-460°). The present dynamic method is 
much more flexible, since possession of an appreciable vapor pressure by, 
or miscibility of the substance with, or chemical activity of the sub- 
stance toward the confining liquid do not usually interfere with the 
operation of the apparatus, and would not, save in extreme cases, impair 
the accuracy of the results. The dynamic isoteniscope is* therefore 
applicable to a wider range of cases. 

(2) This dynamic method would find application when results by the 
static and the dynamic methods are to be compared. Such a case is 
mentioned, for example, by Smits and Scheffer, 2 who give reasons for 
anticipating that the values of the dissociation pressures of substances 
like aldehyde-ammonia might be widely different, according as the one 
or the other method was used. 

This method has one disadvantage when compared with the static method, 
namely, that, in the latter, no corrections for submerged depth or for 
capillarity are required. The static method is therefore to be preferred, 
save where use of the dynamic one is indicated by considerations such as 
those mentioned in the preceding paragraphs. 

The Sample Determinations. — As we have seen, water is at present 
the only substance suitable for testing the accuracy of a method of meas- 
ing vapor pressures. The determinations with this substance, using the 
simple form of the submerged bulblet, have already shown, however, 
that an apparatus operating on this principle is capable of yielding re- 
sults of a high order of accuracy. The present form of the apparatus 
was applied, therefore, to the measurement of the vapor pressures of 
benzene and of ammonium chloride. 

The bath, stirrer, barometer, gage, and platinum resistance ther- 

1 Studies in Vapor Pressure, III, Sec. 3, This Journal, 32, 1419. 

• Z. physik . Chem. t 65, 70 (1908), 
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mometer, and the corrections involved in their use, were the same as 
those employed in the work with the static isoteniscope. 1 It is 
sufficient here to say that the temperatures are on the thermodynamic 
scale, assuming the boiling point of sulphur to be 445 °, and that the error 
below 120 0 (benzene) was ascertained to be less than ±o.oi° and above 
120 0 (ammonium chloride) less than ±o.i°. 

THE VAPOR PRESSURES OF BENZENE. 

Determinations by Previous Observers. — The sample used by Reg- 
nault* melted at 4.45 0 , nearly a degree too low, and must have been im- 
pure. He employed the dynamic method above 24 °. Ramsay and 
Young* removed thiophene and otherwise purified their sample, but do 
not give the melting point. They used their dynamic method 4 (up to 
80 °), in which the liquid trickled onto cotton surrounding the bulb of 
the thermometer. In this instance they state that coirection was made 
for the dilatation of the bulb of the latter in vacuo. Young 5 continued 
the series above 80 0 by the barometer-static method® over mercury, 
using a part of the original material, and giving temperatures on the 
scale of the constant-volume air thermometer. Neubeck 7 used purified 
benzene boiling at 79. 9 0 at 760 mm. The freezing point is not given. 
He boiled the substance in a ilask under reduced pressure. His ther- 
mometer was compared with an air thermometer, but he did not correct 
for dilatation of the bulb m vacuo. The values given below are obtained 
by graphic interpolation from his data. Mangold 8 used benzene from 
benzoic acid. He gives the melting point 5.5 0 . He used Schmidt's 0 
dynamic apparatus and did not correct for dilatation of the thermometer 
bulb in vacuo. Kahlbaum 10 purified his benzene, but gives no melting 
point. He determined the boiling points under reduced pressure, ad- 
mitting air through a capillary, and did not correct for dilatation of the 
thermometer bulb. Woringer 11 gives no melting point of his purified 
benzene. He used the static method, over mercury, admitting the sub- 
stance through a stopcock, but gives no facts in regard to exclusion of 
dissolved gases. The results found by these six observers are tabulated 
along with our own below. 

1 Loc cit. 

9 Mem. Acad., 26, 416 (1862). 

* Phil. Mag., [5] 23, 61 (1887). 

4 Criticized, this series, No. Ill, Sec. 2, This Journal, 32, 1418. 

•/. Chem. Soc., 55, 486 (1889). 

• Criticized, this series, No. Ill, Secs. 1 and 2, This Journal, 32, 1414 and 1416 

f Z. physik. Chem., 1, 649 (1887). 

* Sitsungsber. Math.-Nat, Klasse, Kaiserl. Akad., 102 (Ila), 1071 (1893). 

• Z. physik. Chem., 7, 441. 

,f Ibid., 26, 600 (1898). 

11 Ibid., 34, 262 (1900). 
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Purification of the Benzene. — Kahlbaum’s “ thiophenfrei,” crystai- 
lizable benzene was used. It was boiled under reflux with much sodium 
for three hours, at the end of which time no trace of hydrogen evolution 
could be detected. It was distilled, and the middle portion of the dis- 
tillate, amounting to 1.46 liters, was used. This came over, after cor- 
rection of the temperatures for changes in the barometric pressure, within 
o.oi°. A portion used for a freezing-point determination was boiled for 
fifteen minutes to remove dissolved gases. The freezing point was taken 
by two thermometers, the ice points of which had been ascertained im- 
mediately before, and they agreed in giving the value + 5.40 0 . 

The physical properties of benzene have been carefully investigated 
by Lackowitz, 1 who found that they were greatly affected by dissolved 
air. He showed, for example, that the removal of dissolved air, not con- 
sidered by previous observers, produced a marked lowering in the specific 
gravity. His freezing point was 5.42 ± o 02 The lower freezing 
points of previous observers, namely, Regnault 4 45 °, Jungfleisch 3 oo°, 

W. Fischer 5.3, and Schoop 5.04, undoubtedly indicate insufficient 
purification. Linebarger 2 found 5 4 0 and Mangold 5 5 0 . Only Flink 3 
claims to have reached 6.06 0 . 

It appears, therefore, that our sample was probably as ppre as that of 
Lackowitz. Even if we ignore the possibility, which he admits, that his 
freezing point may have been 0.02° too high, and assume that ours was 
lower than his by the same amount, the proportion of impurity which 
this represents would not noticeably affect the accuracy of the results. 

At the boiling point (about 80 °) it would give an elevation of only o 01 0 
and lower the vapor pressure by only 0,2 mm. This is the maximum 
effect reached by assuming that the whole of the supposed impurity 
was involatil, for our method provides for the removal of dissolved gases 
during the measurement. 

The Vapor Pressures of Benzene* — Concentrated sulphuric acid was 
used as confining liquid in the bulb B. Since benzene vapor is soluble 
in this liquid, the reading was taken when the liquid had ascended the 
capillary to a fixed mark. Correction was made for submerged depth 
and for capillarity. The values obtained were as follows: 

T.. 6316 66.55 7 1 °9 74 79 80.30 90.48 95.67 100.42 105.97 111.54 1*993 

P..4391 492.0 563.7 640.8 7655 1031 1197 1364 1581 1820 2235 

The observed pressures were plotted against the temperatures, a smooth 
curve was drawn through the resulting points, and the value of the pres- 
sure every 5 0 was read off. The results are given in the following table: 
For comparison, the corresponding values of Regnault (Rg), Ramsay 

1 Berichte , 21, 2210 (1888). 

* Am. Chem. 18, 437. 

* Beibl, Attn. Physik , 8, 262. 



STUDIES IN VAPOR PRESSURE, V. 


1453 


and Young and Young (Y), Neubeck (N), Mangold (M), Kahlbaum (KE 


and Woringer (W) are given, 
have been discussed already. 

The essential details of their methods 

1. 

S&M. 

Rff. 

Y. 

N. 

M. 

K. w. 

65 ° 

463 

463.4 


465 

468 


70 

551 

547 

548 

55° 

554 

546.5 559-5 

75 

650 

643 


645 

653 


80 

757 5 

752 

755 

760 

7645 

750 7735 

85 

879 






90 

1018 

1013 

1008 



... 

95 

1180 





... ... 

100 

1348 

1340 

1335 




105 

1542 






no 

1751 

1744 

1739 



... ... 

115 

1983 





... ... 

120 

2240 

2235 

2230 




The boiling point, 

80 12 0 at 

760 

mm., 

was also 

read from the curve* 


The values found by different observers are as follows : 


Kopp (1847) . 

80 40 0 

Ramsay and Young (1887) . 

80 

2° 

Regnault (1863) . 

80 36 

Neubeck (1887) 

79 9 

Briihl (1880) 

80 08 

Louguinine . 

80 

20 

Flink (1884) . . 

80 37 

Smith arid Menzies (1910) 

80 

12 


THE VAPOR PRESSURES OF AMMONIUM CHLORIDE. 

In order further to test the value of the dynamic isoteniseope method 
of measuring vapor pressures, we sought some substance difficult of study 
by the older methods. A non-fusing solid, the vapor of which attacked 
mercury, was required. That comparison might be possible, it was 
desirable also that the vapor pressures of the substance should have 
been previously determined by more than one observer and using meth- 
ods professing some degree of accuracy. Ammonium chloride seemed 
to be the only such substance. Even with the present exceedingly 
adaptable method, this salt presented a problem of exceptional diffi- 
culty, and the results cannot claim the same degree of accuracy as do 
those with water and benzene. It will appear, however, that even in 
this case the limits of accuracy can be stated, and that the results are 
free from the undefined, and undoubtedly considerable sources of error 
with which the previous determinations may be charged. 

Previous Determinations. — The vapor pressures of this salt have been 
determined by Horstmann , 1 by Ramsay and Young , 2 and by F. M. G. 
Johnson.* Horstmann’s method was a dynamic one. He heated am- 
monium chloride in a combustion tube and noted the readings of a mer- 

1 Her., a, 137 (1869). 

1 Phil. Trans 177, 71 (1886). 

• Z. physik . Chem. y 6r, 458 (1908); 65, 36 (1908)* 
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cury thermometer immersed in the vapor, while the pressure of the aif In 
the tube rose by stages from about io mm. to 760 mm. 

Ramsay and Young made a large number of observations by several 
methods. One series from 98° to 280° was obtained statically over 
mercury in a barometer tube. Some permanent gas accumulated during 
the observations, and the value at the highest of these temperatures, 
for example, may be in doubt on this account alone about 0.5 0 (dr 4.5 
mm. = 3 per cent, of the whole). Observations from 290° to 340° were 
secured by enclosing a lump of the salt above a constriction in the closed 
limb of a U-tube. The bend was filled with mercury, and air pressures 
of known value could be applied to the vapor of the metal through the 
open limb. The U-tube was heated by the vapor of mercury boiling 
under various known pressures, and the corresponding temperatures 
were taken from Regnault’s data, with an error, therefore, of i° at 340°. 
Foreign gases and vapors were expelled by lowering the pressure, and 
allowing the vapor of the salt to escape past the mercury in the U-tube. 
At 320° and 340° the vapor pressure of the ammonium chloride did not 
give a constant value, but increased continuously. At 320 0 this increase 
was a linear function of the time, but the rate of increase per minute 
varied in different experiments from 0.2 mm. to 1 mm. per minute. The 
increase was under observation for as long as 390 minutes in one* instance. 
With the help of time curves, the observations were corrected. This in- 
crease is attributed by the authors to the liberation of hydrogen by chem- 
ical action of the hydrogen chloride on the mercury. At 340° there was 
always a very rapid rise in pressure, amounting to from 32 to 67 mm., 
during the first twenty minutes, before the slower, uniform rise (of from 
0.2 to 1 mm. per minute) set in. The authors suggest that the salt was 
cooled by the immediately preceding, rapid vaporization, and during 
the twenty minutes was regaining the temperature of the vapor bath. 
But this effect should have been almost as great at 320°, where no rapid 
rise was observed. In explaining both of these increases in pressure, 
the authors ignore entirely the effect of diffusion of the mercury vapor 
backwards to the surface of the salt. The result of this diffusion must 
be to increase the pressure and, if complete interdiffusion of the vapors 
had occurred, the limit would have been reached only when the total 
pressure equaled the sum of the vapor pressures of ammonium chloride 
and mercury. The evident fact is that when the confining liquid has 
a considerable vapor pressure of its own, and the interdiffusion of the 
vapors is possible during the observation, the resulting measurements 
of vapor pressure must always be of uncertain value. When we consider 
the fact that here the vapor pressure of the confining liquid, although 
less than that of the substance, was of the same order (at 320°, the pres- 
sures are 369 mm. and 445 mm., and at 340°, 548 mm. and 760 mm., 
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respectively), it is surprising that the readings could be utilized at all. 

The same observers made an independent series of measurements by 
their dynamic method, described in an earlier paper. 1 Here a block of 
the salt surrounded the thermometer bulb, and the distilling vessel con- 
taining the thermometer was heated by means of boiling mercury. The 
observations were made from 178.5° to 338.9°. The results, when 
plotted, were found to be somewhat scattered, and all on one side of the 
rather smooth curve that could be drawn through the points de- 
termind by the static method. The pressures at corresponding tem- 
peratures are all higher, being at 320° on an average about 56 mm. higher 
(estimated graphically), at 330° about 80 inm. higher, and at 333. 5 0 
about 100 mm. higher. The results by the static and dynamic meth- 
ods, separately, as well as the values finally adapted, are given in a table 
at the close of this paper. A supplementary observation by a different 
dynamic method, in which the mass of the salt surrounding the ther- 
mometer bulb was placed in a combustion tube and heated with a Bunsen 
burner, gave a value at 338.35° of 762.1 mm. This confirmed the re- 
sults by the static method rather than those by the dynamic, being less 
than 2 0 (equivalent to about 35 mm.) below the static temperature at 
the same pressure, while the dynamic temperature at the same pressure 
was 6° below static. Hence, the dynamic results were considered to be 
the less trustworthy, and in the curve which embodies the final results, 
much greater weight is given the static results. The final data arq there- 
fore essentially derived from a static method. The authors state that 
the difference of less than 2 0 above mentioned “may well be due to error 
of experiment.” The results at the highest temperature are thus esti- 
mated to be subject to an error of at least ±2°, or, according to their 
curve, ±35 nim. Considering the extreme experimental difficulties 
involved in the method, this error cannot be considered excessive. The 
specific sources of error in these methods have already been discussed 
at length. 3 

F. M. G. Johnson employed the Ladenburg manometer, consisting of 
a flattened glass tube, wound in a spiral. The external pressure required 
to bring the attached mirror back to the zero position was measured. 
His method was therefore static, but he avoided the great difficulties 
connected with the common static methods in which mercury is used. 
Assuming that, as the author says, the spiral was capable easily of show- 
ing a pressure change of “the order of 1 mm.” (although he does not 
state that this degree of sensitiveness was maintained at 335°), the chief 
errors to which his method was liable arise from four causes, namely, 
gases occluded in or absorbed by the solid substance, unequal distribu- 

1 Phil. Trans., 175 , 37 (1886); J. Chem. Soc ., 47, 42 (1885). 

* This series, No. Ill, Secs. 1 and 2, This Journal, 32, 1413-9. 
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tion of temperature in the air bath he used for heating, the untrustworthy 
ness of mercury thermometers at such high temperatures, and the un- 
fortunate method used for standardizing the thermometers. The effi- 
ciency of the whole arrangement was, indeed, tested by a determination 
of the vapor pressures of iodine, and the results were found to agree well 
with those of Ramsay and Young. But the test ranged from 80.5° to 
only 1 78. 5 0 , while the experiments with ammonium chloride ran from 
211 0 to 335 0 . The temperature errors would not assert themselves 
strongly until above 2cx>°, so that this test cannot be accepted as a 
rigid demonstration of the adequacy of the precautions. Attention 
must therefore be drawn to the sources of error individually. 

The apparatus and material were freed thoroughly from moisture by 
means of phosphorus penloxide, and to effect this the former was pumped 
out repeatedly and left evacuated for a long period. The apparatus was 
heated during the process, for the purpose of assisting the desiccation 
and of driving out adhering air. But the parts containing the pentoxide 
and the salt could not be heated. The salt had previously been sub- 
limed twice. It will be seen, however, that the complete expulsion of 
adhering gases was not insured. The quartz spiral gage used by Preuner 
and Schupp 1 is so constructed as to permit of boiling out before sealing, 
when vapor pressures are to be determined. But this process could not 
be applied when, as was the case with Johnson’s apparatus, a bulb for 
the simultaneous determination of the vapor density was attached. It 
is a pity that the zero of the gage was not redetermind after the ex- 
periments, as this would not only have shown whether any permanent ga$ 
had been liberated, but would also have afforded a means of detecting 
other irregularities, such as a permanent distortion of the spiral. 

Johnson’s apparatus was heated in an unstirred air bath provided 
with a gas pressure regulator which kept the temperature constant ±i°. 
As we have seen, 2 however, an air bath is by far the least satisfactory 
means of keeping the temperature uniform and constant. Aside from 
the inherent causes of defective thermal equilibrium, in this case a copper 
tube was inserted through the top of the bath, forming a separate com- 
partment surrounding the pocket containing the solid ammonium chlo- 
ride. The purpose of this was to keep the salt cooler than the bulb and 
spiral. The temperatures in the copper tube and in the rest of the bath 
differed by 22 0 at 323 °. Now, if maintaining one temperature in an air 
bath is difficult, keeping two temperatures each constant and uniform is 
much more difficult. This feature of the apparatus, therefore, involves 
a source of considerable uncertainty. 

The temperatures were ascertained with a nitrogen-filled, mercury 

1 Z. physik. Chem. t 68, 129. 

2 This series, No. Ill, Sec. 1, This Journal, 32, 1413. • * 1 
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thermometer. It is well known, however, that such a thermometer, 
when kept for a considerable time at a high temperature, suffers distilla- 
tion of the mercury into the upper part of the bore , 1 and gives untrust- 
worthy readings, with an error of about ±i°. On account of the diffi- 
culty in making due correction, the error is greater when the thread is 
not completely immersed. 

Finally Johnson standardized the thermometer by using the vapor 
pressure curve of mercury. The data used were those of Ramsay and 
Young. 2 Young, 3 however, has himself pointed out and corrected some 
of the most serious inaccuracies which have meantime come to light in 
these data. His corrections alter the temperature at 340 0 by i°. 

The present status of our knowledge of the vapor pressures of ammo- 
nium chloride may now be summed up. ilorstmaim makes no professions 
of exact thermometry and ±5° at the highest temperature is a conserva- 
tive estimate of the limits of error involved. The known error of Ramsay 
and Young’s measurements is dr 1 0 at the lower temperatures and ± 2 0 
at the highest. But the uncertainty of interpreting the progressive 
increase in the pressures at 320° and 340 0 introduces an additional possi- 
bility of error, the magnitude of which cannot be assessed. Johnson’s 
measurements are affected by such considerable temperature errors, 
the most serious of which are of unknown magnitude, that his measure- 
ments can be regarded as approximate only. In considering all these 
determinations, it must be remembered that, at 335 °, an error of ±i° 
corresponds to an error of ± 15 mm. in pressure. It is therefore evident 
that the vapoi pressures of ammonium chloride are in need of re-deter- 
mination by a method which permits of the definite estimation of the 
limits of error involved. 

The Vapor Pressures of Ammonium Chloride. -The bulb A (outside 
diameter 22 mm.) was filled completely with ammonium chloride. The 
latter, Kahlbaum’s purest form of the salt, was finely pulverized and 
was purposely used without drying. Since the method itself involves 
a fractionation, special treatment to remove volatil impurities was un- 
necesssary. Hydrochlorides of coal-tar bases were proved to be absent. 

The bath was filled with the mixture of potassium and sodium nitrates, 
and, no other transparent, fusible substance of a suitable nature being 
available, the outer bulb B was charged with the same mixture. The 
ammonium chloride vapor, in passing through this liquid, caused a con- 
tinuous production of nitrous oxide. The method was therefore seen 

1 Ostwald-Luther, Physikochcm Mess, [1902] 78. In such a thermometer we 
have frequently observed with a lens droplets of mercury and particles. of a red sub- 
stance (HgO?) accumulating above the thread. 

* /. Chem. Soc., 49, 37 (1886). We are indebted to the author for privately in- 
forming Us of thi$ fact. 

* J. Chem. Soc.> 59, 629’ (1891). 
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under the greatest disadvantage, since it was impossible to observe a 
complete cessation of the stream of vapor. The pressure taken was that 
at which the stream of gas reached a minimum volume. 

Our temperature error of less than ±o.i° corresponds at the lowest 
temperature to ±0.25 mm. and at the highest to ±1.5 mm. These 
are therefore the limits of error of the apparatus per se . The difficulty 
in observing the point of minimum gas evolution, however, introduces a 
special source of error peculiar to this substance. From a considera- 
tion of the degree of sharpness with which the observations could be 
made, we estimate this error at about ±5 mm. in the individual readings. 
The consistency of our results, as shown by the way in which they lie 
upon a smooth pressure-temperature curve, confirms our belief that the 
errors are not greater than this. 

The following results are corrected for immersed depth and for capil- 
larity, and are given to the nearest millimeter: 


Temperature 278.3 291.6 298.7 308.5 316.4 325.4 332.9 

Pressure 131 199 240 322 406 518 633 


For comparison, the data of Horstmann (two points, X), Ramsay and 
Young 1 (curve I), Johnson, undried substance 2 (curve II), and Smith 
and Menzies (curve III), are plotted in Fig. 2. It will be sfcen that the 
last curve lies between the other two. 

The following table contains the data read from the various curves. 
As throwing some light on the relative trustworthiness of Ramsay and 
Young’s static and dynamic methods, as applied to a substance like this, 
the observations obtained by each of these have been treated separately 
and the resulting pressure readings are given in two additional columns: 

ray. 

Observation*. 


1. 

H. 

Curve. 

Static. 

Dynamic. 

J. 

SAM. 

*80 

. . . 

143 

140.5 

H7 

132 

138 

290 


1955 

189 

200 

X 7 8 

189 

300 

259-5 

264.5 

251 

275 

237 

252 

310 


350 

333-5 

367 

309 

336 

320 


460.5 

443-5 

500 

401 

447 

330 

. . . 

599 5 

596 

675 

518 

587 

333-5 


66 x 

653 

750 

566 

642 

340 

7781 

777 

759-5 

. . . 

678 

. . . 


From this comparison it will be seen that Ramsay and Young’s static 
results, when taken by themselves, agrees remarkably well with our dy- 

1 Reproduction of the author's own curve. Johnson ignores the curve, which em- 
bodies the authors' conclusions from all their observations, and uses for comparison only 
certain of the single observations, all taken from the static series. 

* Dr. Johnson informs us that in his first paper (p. 462), the last temperature, 
335 0 , should be 345 0 . In the curve on the opposite page, the an® point is misplaced. 
In the second paper (p. 37), the NH«C1 cum it incorrect. 
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namic results, the divergencies exceeding the estimated error of our 
measurements, namely ±5 mm., only above 320°. The inferiority of their 



*70° a8o° 290° joo° 310 0 320° 330 0 340 0 350 0 

Fig. 2. 


dynamic method, at least when applied to a substance like this, is ap- 
parent. 


[Contributions from the Research Laboratory of Physical Chemistry of the 
Massachusetts Institute of Technology, No. 6i.] 

THE POTENTIAL OF THE SODIUM ELECTRODE. 

By Gilbert N. Lewis and Charles A. Kraus. 

Received October 3, 1910. 

The electrode potentials of a number of important groups of metals 
have not been measured hitherto, because their action upon water is 
such as to preclude the possibility of obtaining equilibrium conditions. 
Among these groups, those comprising the alkali metals and the metals 
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of the alkaline earths are the most notable examples. In the present 
paper we shall describe a method which may be employed in the determina- 
tion of electrode potentials of this kind. We shall show, moreover, that 
this method permits the determination of the potential of the sodium 
electrode with a higher degree of precision than has yet been reached in 
the case of any other solid electrode. 

Our problem, consisting in the determination of the potential of metallic 
sodium against an aqueous solution of sodium ion of normal concentra- 
tion, can evidently be solved only by indirect means. We have found it 
possible with certain precautions to measure the potential of a dilute 
sodium amalgam directly against an aqueous solution. It only remained, 
therefore, to find the difference between this potential and that of pure 
sodium. This difference in potential measured in any cell where the only 
process which accompanies the current is a transfer of sodium from the 
pure state to the dilute amalgam, must be independent of the nature of the 
electrolyte used. We succeeded in measuring this difference in poten- 
tial in a cell containing sodium and sodium amalgam electrodes, and an 
electrolyte composed of a solution of sodium iodide in liquid ethyl amine. 

The Electrode Potential of Dilute Sodium Amalgam. 

The dilute sodium amalgam used throughout this investigation was 
prepared and preserved in the apparatus shown in Fig. 1. A bulb, E, 
is connected by means of a small capillary, F (having a uniform bore of about 
0.2 mm.), with a straight tube, GK. While this tube is open "at K, a piece 
of metallic sodium (Kahlbaum) is cut from a larger piece, quickly rolled 
into cylindrical form and placed in the tube at G. A small glass rod, H, 
is placed immediately above to serve as a weight in the operation about 
to be described. The tube is then sealed at K and the apparatus ex- 
hausted at A through the 3-way cock li, the cock J being closed and the 
cock I open. When Ihe apparatus is completely exhausted I is closed 
and J, which communicated with a reservoir of ammonia (not shown in 
the figure), is opened for an instant, thus filling the tube 1 J with pure 
ammonia gas. The tubes F and G, and the lower part of E are now sur- 
rounded by a paraffin bath and heated gradually to the melting point of 
sodium. When this point is reached, and the liquid sodium, pressed by 
the glass weight above, breaks its thin shell of oxide, the cock I is opened 
cautiously and the pressure of the ammonia slowly forces the molten 
sodium into the bulb E. The sodium is thus filtered by the small capil- 
lary from every trace of oxide or other solid impurity and appears as a 
bright metallic globule. The paraffin bath is now removed and the capil- 
lary is sealed off at F, the left-hand portion of the apparatus being thus 
removed. After the exhaustion has been continued to remove all of the 
ammonia gas, pure mercury is allowed to enter the bulb D at C 
(from an apparatus not shown in the figure) and the tube C is 
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sealed off. B is closed. The lower part of the apparatus, com- 
prising the bulbs E and D and the connecting tube, is then warmed 
in a paraffin bath to ^ 

1 80 0 centigrade. The 
mercury vapor passing 

slowly from D to E — I B 

amalgamates quietly \\\ \ 

with the sodium. 

.When the latter is I a O 

completely amalga- J © A K ( C 1 J J 

mated, the apparatus jf A 

is allowed to cool. \t ( 

is then shaken to pro- | 

vide for thorough mix- 
ing of the contents 
and clamped in an in- 
verted position, fit I ] 

may now be sealed J at T A D 

A to any apparatus m Tf 

which the sodium \xj / x 

amalgam is desired 

and the filling carried ^ 

out in vacuo . The 3- jj 

way cock B merely 

serves to facilitate the ^ y 

cleaning of the tube A F 

after such a filling. ® 

The amalgam so 
prepared and kept T 

does not differ in ap- V > 

r Fig I 

pearance from pure * 

mercury, and remains unchanged for years. 

Two portions of the sodium amalgam were treated with standard 
hydrochloric acid until the sodium was removed, and the remaining 
acid was titrated with standard alkali. According to these two analyses 
'(which agree within less than 0.1 per cent.) 100 grams of amalgam con- 
tained 0.2062 gram of sodium. 

In determining the potential of this amalgam against fifth normal so* 
dium hydroxide, a portion of the amalgam was introduced into the reser- 
voir sketched in Fig. 2. This reservoir was .sealed to the apparatus 
of Fig. r (at the points Q and A) and after complete exhaustion the amal- 
gam was allowed to enter through the cock B. The reservoir was then 
sealed at Q. The side tube L contained phosphorus pentoxide and per- 
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melted the entrance of dry air to take the place of amalgam drawn off 
through M. The amalgam surface at P formed the electrode and electrical 



contact was provided through a platinum wire 
sealed in at N. The tube OP was inserted in a 
half-cell of the usual type, filled with 0.2 N NaOH, 
and was joined thereto by a rubber stopper, O. 
This half-cell dipped into another containing 0.2 
N NaCl, which in turn communicated with 0.2 N 
KC 1 and finally with a normal calomel electrode* 
The whole system was placed in a thermostat at 

25 °- 

The amalgam surface at P when first placed in 
the sodium hydroxide evolved considerable hy- 
drogen. The action appeared to take place at 
certain spots where a few extremely minute solid 
particles accumulated. The extraordinary influ- 
ence of small amounts of catalyzers in this action 
of sodium amalgam upon water has already been 
pointed out. 1 Fortunately it was found that by 
opening the cock M and allowing / one or two 
drops of amalgam to flow out at P, the minute 
particles that seemed responsible for the action 
were carried down. The new surface was acted 
upon less vigorously, and after this process had 
been repeated a number of times the surface re- 
mained clear of hydrogen for ten to twenty min- 
utes, and showed a constant and perfectly repro- 
ducible potential within 0.1 millivolt. 

The measured electromotive force was then 
2.1749 volts, 2 * * * * * inclusive of liquid potentials, for 
the combination, Na amalgam (0.206 per cent.); 
NaOH 0.2 N] NaCl 0.2 IV; KC 1 0.2 AT; KCi JV; 
normal electrode (N. E.). 

The liquid potential between KCI N and KQ 


0.2 N is negligible. That between NaOH 0.2 N and 
NaCl 0.2 N is 0.0287 y* ; that between NaCl 0.2 N 


and KCI 0.2 N is 0.0050 v. 8 . Both these potentials oppose the main 


1 Walker and Patterson, Trans. Am. Electrochem . Soc. t 3, 185 (1903); Lewis and 

Jackson, Proc. Am. Acad., 41, 403 (1906). 

* This experiment was repeated with the same amalgam nearly two years later 

and gave the electromotive force 2.1742 volts. Considering the possible change in 

the composition of the amalgam and the use of different electrical standards, this may 

be regarded as a satisfactory check. 

* Lewis and Sargent, This Journal, 31, 363 (1909). 
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e. m. f. of the cell. Adding these figures, therefore, to the measured 
e. m. f. we obtain for the above cell, exclusive of liquid potentials, 

Na amalg. (0.206 per cent.), NaOII 0.2 N } N. E.; E. « 2.1986 v. 

In order to calculate now the potential of this amalgam against sodium 
ion at normal concentration, it is necessary to know the degree of disso- 
ciation of fifth normal sodium hydroxide. Instead of calculating this 
directly from conductivities, we shall assume provisionally, for reasons 
that will be explained in another place, that the degree of dissociation 
of 0.2 N NaOII is the same as that of 0.2 N KC 1 , and that the latter is 82.8 
per cent., as found from conductivities. If now we apply the Nemst 
equation, we find 

Na amalg. (0.206 percent.), Na+iY, NaOII 0.2 N, Na amalg. (0.206 per 
cent.); E = 0.0461 v. 

Combining this equation with that given above we find 

Na amalg. (0.206 per cent.), Na +N, N. E.; E — 2.1525 v. 

The Difference in Electrode Potential between Sodium and Dilute 

Sodium Amalgam. 

The difference in electrode potential between sodium and a sodium 
amalgam in the same electrolyte will be independent of the nature of that 
electrolyte, provided it is one in which the metal and the amalgam act 
as completely rexcrsible electrodes. Our problem consisted, therefore, 
in finding a solvent which is not attacked bv sodium, and which dissolves 
some sodium salt to form a conducting solution. Ethyl amine was finally 
chosen as the solvent, and attempts were made first to use sodium chlo- 
ride and sodium bromide as solutes, but neither of these substances proved 
to be sufficiently soluble to give the solution the desired conductivity. 
Sodium iodide, however, proved to be extremely soluble and its solution 
is an excellent conductor. 

Anhydrous ethyl amine was prepared and kept for use in the follow- 
ing way. About 200 cc. of Kahlbaum’s ethyl amine were treated for 
several days with metallic lithium, the solubility of which in the amine 
makes it especially efficient in removing water and other objectionable 
impurities. The liquid was then distilled into a vessel shown in Fig. 3. 

The volatility of ethyl amine, and its great solvent power for such 
substances as are commonly used for stopcock lubricants, prevents its 
storage in an apparatus closed with ordinary stopcocks. For this reason 
a special form of valve, shown in Fig. 3, was designed. The ethyl amine 
is stored in tube A. In the position of the apparatus shown in the figure, 
its vapor may pass freely out through B, C, and the cock D. The lower 
part of the valve HGF contains mercury. The glass plunger I is rigidly 
connected with an iron rod, J, encased in a sealed glass tube. By means 
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of a magnetic helix placed around J, this plunger may be raised or lowered. 
If lowered it causes the mercury on the right-hand side to rise and lift 
a glass float, E, which is ground to fit the conical end of the tube C- The 
mercury rises above this joint, tightly sealing the exit tube C. If the cock 



G is now closed the helix may be removed and the apparatus remains 
sealed until it is desired to withdraw more amine from the reservoir, 
when the plunger is once more raised and the valve opened. The cock 
D prevents the entrance of air into the reservoir when the vapor pressure 
of the amine falls below atmospheric pressure. 
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The cell in which the measurements were made is shown in Fig. 4. 
Two platinum wires are led to the electrodes through the tubes K and L. 
The capillary P is connected with the device for introducing metallic 
sodium, which we have al- 
ready described. The tube 
Q is sealed to the ethyl S 
amine reservoir, the tube S 
to a vacuum pump, and the 
tube N to the amalgam 
reservoir. A suitable 
amount of dry sodium 
iodide is introduced 
through the tube M which 
is then seated off. The ap- 
paratus is thoroughly ex- 
hausted, sodium is intro- 
duced at P by the method 
already described, and the 
tube P is sealed off. The 
apparatus is further ex- 
hausted, the amalgam is 
allowed to entei through 
the tube N which is then 
sealed off The connection 
to the pump is then sealed 
off at S. Finally the cell is 
cooled in ice, and the val\ e 
of the amine reservoir being 
opened, the amine is allowed 
to distil in until it rises Fig. 4 

above the connecting tube 

R. The tube Q being now sealed off, the cell is entirely free and its contents 
may be thoroughly stirred by slowly tipping from one side to the other. 
The bulge in the cell at O prevents any amalgam from reaching the sodium 
electrode in this process. The platinum terminals are completely cov- 
ered, one by amalgam and the other by metallic sodium. 

In the first cell that was set up, the sodium surface became coated with 
a substance that we assumed to be sodium hydroxide. The cell gave, 
however, a very constant electromotive force of 0.8457 v. at 25 °. The 
coating we attributed to the presence of a trace of water in the sodium 
iodide, which, though it had been heated and dried, was in the form of 
powder and might have taken up some water while being introduced. 
The cell was therefore refilled, using sodium iodide which had previously 
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been fused. This time the sodium surface was perfectly clean and remained 
so after the cell had stood many days. 1 

This cell gave immediately after its preparation a constant electro- 
motive force which did not change during a number of days, in which 
measurements were made. Differences of 0.1 to 0.2 millivolt occasion- 
ally were found but disappeared when the contents of the cell were stirred. 
The electromotive force at 25 0 was 0.8456 which is only 0.1 millivolt 
different from that found above in the cell with the coated sodium surface. 
Another cell filled in the same way, containing a relatively small amount 
of sodium iodide, also gave 0.8456 v. A good idea of the constancy of 
the cell may be obtained from the following measurements made to de- 
termine the temperature coefficient of the electromotive force. The 
cell was changed back and forth from a thermostat at io° to one at 35 °. 
The electromotive force at io° was about 1 millivolt higher than at 35 °, 
the successive differences measured being 0.00100, 0.00093, 0.00091, 
0.00100, 0.00101, 0.00102, 0.00103, 0.00103, 0.00102, the last six differ- 
ences were constant within 0.00003 volt and we may take 0.00102 4- 
25 = 0.0000408 as the diminution in electromotive force per degree 
rise of temperature. It is evident that the cell exhibits a higher degree 
of constancy and reproducibility than any cell having anr electrode of 
solid metal which has hitherto been studied. The electromotive force 
of such cells usually varies very greatly, owing to surface changes in the 
metal. It was perhaps to be predicted that in the case of so soft a metal 
as sodium, such variations would not appear. 

The Potential of the Sodium Electrode; the Heat of Solution of 
Sodium in Mercury. 

In order to determine finally the electrode potential of sodium against 
a normal solution of sodium ion, it is only necessary to add the difference 
between the potentials of sodium and sodium amalgam to the electrode 
potential of the amalgam obtained above. This gives 

Na, Na + AT, N. E ; E = 0.8456 4- 2.1525 = 2.9981 v. 

On account of some slight uncertainty as to the electrical standards used, 
this final value of the potential of sodium may be in error by nearly 
1 millivolt. 

Wilsmore 2 in his valuable critique on electrode potentials calculated 
the potentials of some of the metals which decompose water from the 
heats of formation of their salts, according to Thomson’s rule. He calcu- 
lated for the sodium electrode the potential of 3.10 v. against the calomel 
electrode, a value differing from ours by 102 millivolts. 

1 In the course of a few weeks a very thin black coating appeared on the metal 
surface and after two years’ standing a considerable portion of the sodium has dis- 
appeared. 

* Z . phystk . Chem ., 55 , 291 (1901). 
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The temperature coefficient of the cell with sodium and sodium amal- 
gam electrodes permits a remarkably accurate calculation of the heat 
of solution of sodium in a 0.206 per cent, sodium amalgam. We may 
use the equation of Helmholtz 


E - 


Q 

F 


r dU 

dt 


where Q is the heat evolved in the solution of one equivalent of sodium 
in a very large quantity of 0.206 per cent, amalgam. F is the Faraday 
equivalent, 96580 coulombs. Substituting 0.8456 for E, and — 0.0000408 
for dE/dT, we find Q = 82850 joules or, if one calorie is equal to 4.186 
joules, Q = 1979° calories. Were it not for some uncertainty as to the 
exact value of the factor to be used in passing from volts to calories, 
the above value of Q would be reliable within 2 or 3 calories. Berthelot 
found by calorimetric methods the heat of solution of sodium to form a 
0.5 per cent, amalgam equal to 18800 calories. The difference between 
this value and ours is probably to be attributed to the heat of dilution 
of the amalgam from 0.5 to 0.2 per cent. 

The method of handling an amalgam of an oxidizable metal, which 
we have described, may be of use in other lines of investigation than the 
present one, especially in the determination of the electromotive force 
of amalgam concentration cells. For this purpose the amalgams might 
be compared with one another in aqueous solutions by means of the ap- 
paratus of Fig. 2, but in many cases it will be preferable to w^ork in amine 
solutions where the oxidation of the amalgam may be completely avoided. 
It is not, however, our intention to prosecute this line of research, but 
rather to investigate in the immediate future the electrode potential 
of other metals of the alkalies and alkaline earths by the method w r hich 
we have found so successful in determining the potential of sodium. 

In conclusion, we wish to express our indebtedness to the Bache fund 
of the National Academy for a grant which enabled us to carry out this 
investigation. 

Summary, 

The potential of sodium in a normal solution of sodium ion at 25 0 is 
found to be 2.9981 volts against the normal calomel electrode taken as o. 

This is the sum of two values (1) 2.1525 volts, the potential of 0.206 
per cent, sodium amalgam against normal sodium ion and (2) 0.8456 
volts, the difference in potential between sodium and 0.206 per-cent, 
sodium amalgam, in a solution of sodium iodide in ethyl amine. 

The temperature coefficient of the latter electromotive force is 
— 0.0000408 volt per degree. Hence, from the Helmholtz equation, 
the heat evolved when one equivalent of sodium dissolves in a large quan- 
tity of 0.206 per cent, sodium amalgam is 19790 calories. 
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Methods are described for preparing and keeping pure sodium amalgam 
and anhydrous ethyl amine, and of measuring the true potential of the 
amalgam of an oxidizable metal in aqueous solution. 

Boston, Mass., June 24, 1910. 


[Contribution from the John Harrison Laboratory of Chemistry.] 

THE ELECTROLYTIC DETERMINATION OF CHLORINE IN HYDRO- 
CHLORIC ACID WITH THE USE OF A SILVER ANODE 
AND A MERCURY CATHODE. 

By Jacob S. Goldbaum and Edgar F Smith 
Received July 23, 1910. 

With the introduction of the silver anode and mercury cathode, many 
new and interesting determinations and separations have been effected. 

Much attention has been paid in this laboratory to this phase of electro- 
analysis, and exact and satisfactory results have been obtained. 1 

Recently there appeared an article by Gooch and Read 2 on the “Elec- 
trolytic Determination of Chlorine in Hydrochloric Acid, with the Use 
of the Silver Anode/’ From this communication it would seem that 
upon extending the analysis of chlorides, in neutral aqueous solution, 
to the determination of chlorine in free hydrochloric acid, 4he method 
as presented in previous communications from this Laboratory yields 
values which are “very irregular and always low.” It is, therefore, proper 
to consider the question raised by Gooch and Read, aild to submit addi- 
tional evidence, together with some of the details of procedure. 

Experiments were made with hydrochloric acid precisely as described 
by Gooch and Read, and behaviors similar to those noted by these chem- 
ists were observed; that is, the electrolysis resulted, not only in the 
fixation of chlorine at the anode and the liberation of hydrogen at the 
cathode, but also in a secondary decomposition, which gave rise to the 
production of hypochlorites. As a consequence, some of the silver of 
the anode dissolved in the electrolyte, and at times appeared at the cath- 
ode. The fixation of the oxygen at the anode was likewise observed 
and, indeed, when this oxygen was driven off, low and non-concordant 
results were obtained. Now, in these experiments a platinum cathode 
was employed and with the exception of a single determination, the ex- 
periments performed by Gooch and Read were with a platinum cathode, 
whereas, in all the work done in this laboratory on the fixation of anions, 
a mercury cathode has been employed. Indeed, Gooch and Read were 
really not using “similar means,” and the criticism of the original method 
because of the failure of an altered arrangement is hardly fair. Hence, 
it is only natural that we should try the effect of a silver anode and mer- 

1 This Journal, 29, 447, 1445, 1455, 1460 ; lbid. t 30, 1706. • 

* Am. J. Set ., 544 (1909). 
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cury cathode in the analysis of hydrochloric acid, and to this end, ex- 
periments were accordingly conducted. 

The platinum gauze anode was plated with silver from a potassium 
silver cyanide electrolyte. It is true, as stated in the article by Gooch 
and Read, that there is a possibility of the retention of some soluble 
cyanide in the gauze, even after the plated anode has been treated with 
boiled water, and subsequently ignited gently. We have been aware 
of this fact, however, for several years, and while making no mention of 
it, have succeeded in obviating the difficulty by dipping the freshly 
plated silver gauze in dilute hydrochloric acid, washing it thoroughly 
with distilled water, and then igniting it to incipient redness in a low 
Bunsen flame. By this means, any admixed cyanide is destroyed. The 
solution undergoing analysis could not then become contaminated by 
material derived from the plating bath. Care should be taken not to 
ignite the anode too strongly in the Bunsen flame, as it is most desirable 
that the silver should not fuse, and that its porous nature should be pre- 
served. A complete retention of the chlorine is favored by these means, 
whereas with a smooth silver surface there is a possibility that molecular 
chlorine may be liberated, with a consequent production of hypochlorites 
and chlorates. 

Another fact, known to us for some time, is the secondary formation 
of oxide upon the anode along with the halide. To obviate its disturbing 
effect upon the weight of the anode, we have had recourse to a home- 
made electric oven heated to 3cx>°. Silver oxide is completely decom- 
posed at 250°, giving off oxygen and leaving metallic silver, so that at 
the end of an electrolysis the anode is at once placed in an oven with the 
temperature mentioned for a period of ten or fifteen minutes, when noth- 
ing will remain but silver and silver chloride, so that the increase in weight 
of the anode would represent only the weight of the added halogen. These 
and certain other perfections of our original procedure in the analysis of 
halides in the double cup, which have come as results of experience, will 
be more fully described in a later communication 1 elating to the deter- 
mination of the atomic weight of chlorine in the electrolytic way. 

During analysis, the anode should not be placed too near the cathode. 
By observing this point a too-high current density will be avoided and 
one need not fear a possible loss due to the loosely adherent silver halide 
because of its too-rapid formation. It is advisable with the pressure 
usually employed (2.5-5 v.) with the double cup to place the anode at 
least 15 mm. from the level of the mercury. No turbidity of the elec- 
trolyte will then follow. 

The hydrochloric acid used in the determinations which appear in 
this paper was standardized by the well-known precipitation method 
with silver nitrate. The residue from 40 cc. of the solution, containing 



1470 


GENERAL, PHYSICAL AND INORGANIC. 


0.1418 gram of hydrogen chloride, weighed 0.0001 gram. Only freshly 
distilled water was used for dilution. In the first two determinations, 
a “double-cup” was used, but since in the case of hydrochloric acid this 
presented no advantage over a cell with a single compartment, the lat- 
ter was employed for the subsequent determinations. This cell con- 
sisted of an ordinary beaker, 6 cm. in diameter and 8 cm. high, contain- 
ing a layer of pure mercury 3 mm. deep. Cathode connection was made 
with the mercury by means of a platinum wire sealed in a glass tube. The 
anode was the usual disk gauze type. It made 300 revolutions per min- 
ute. The total dilution of the electrolyte was 90 cc. The liquid remain- 
ing in the beaker after the current was interrupted was found in every 
case to be neutral to methyl orange, and when tested with silver nitrate 
and with starch, and potassium iodide, hypoehlorous acid or hypochlorites 
were invariably absent. In experiments 3 and 4 the electrolyte showed 
a slight turbidity, due to the fact that the electrodes were too close. In 
all other determinations the liquid remaining after the electrolysis was 
perfectly transparent and clear. The liquid from determinations 8 and 9 
was evaporated to dryness and gave no appreciable residue. The mercury 
used for cathode had been distilled several times and was carefully ex- 
amined for silver before and after the electrolysis, but nqjie was found. 
Hence there was no transference of the metal from the antfde to the 
cathode. 


Chlorine taken 
in HC 1 , gram. 

Time. 

Min. V. 

A 

Chlorine 

found. 

Error. 


20 

2. 5 ~ 5 -o 

O.85-O.OI 

0.0707 

— 0 . 0002 

0.0709 

22 

2. 5-5-0 

O.80-O.OO5 

O.07IO 

± 0.0001 

O.1418 

28 

2.5-50 

O.95-O.OI 

O. I4IO 

“ 0 . 0008 


30 

2. 5 - 5-0 

O.95-O 015 

0. 1406 

0.0012 


20 

2. 5 - 5.0 

O.85-O.OO5 

O . 0703 

O . 0006 

O.1418 

30 

2. 5 - 5 .o 

O . 80-O . 005 

0. 1418 

4-0.0000 

O.1418 

35 

2. 5-5.o 

O.75-O.OO5 

O. 1416 

- — 0 . 0002 

0.0709 

20 

2. 5 “ 5 .o 

0 . 7 5-0 . 005 

O.0709 

±0.0000 

O.0709 

20 

2.5-50 

0 . 80-0 . 005 

0.0707 

— 0.0002 

O.0709 

23 

2.5-50 

0.65-0.01 

0.0710 

±0.0001 


35 

2 . 5-50 

0 . 80-0 . 005 

O. I420 

±0.0002 


From the foregoing tests it would appear that the electrolytic deter- 
mination of chlorine in hydrochloric acid by means of a silver anode and 
mercury cathode is not only possible but is, moreover, extremely accurate 
and reliable. 

Since the preceding determinations were made, W. B. Coleman, a student 
in this laboratory, carried out a series of determinations of bromine in 
hydrobromic acid. The results obtained by him are submitted in the 
following table. These results confirm those obtained with chlorine and 
prove beyond question that this method of analysis is reliable and exact. 
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Hydrobromic Acid 


Br present 
in gram. 

V. 

A 

n.d.*,. 

Time. 

Min. 

lit found 
in gram. 

Remarks. 

0 . 0700 

4 

O 4 -O.OI 

35 

0.0685 

Solution turbid after eJectroi. 

0 . 0700 

4 

0.4 -O 02 

35 

0.0683 

Solution turbid after electrol. 

0 0700 

3 

O.35-O OI 

35 

0 . 0698 

Clear solution. 

0.0700 

3 

O. 35-0.002 

50 

O 0699 

U u 

0 . 0700 

3 

O.35~0.002 

50 

O . 0697 

u u 

0.0700 

3 

O.35-O 003 

50 

O . 0698 

U it 

0.0700 

3 

O.35-O.OO3 

50 

O . 0696 

it u 

0.0700 

3 

0. 3S-0. 001 

50 

0.0700 

it u 

0.0700 

3 

0.35-0.001 

50 

0 . 0696 

u u 


University of Pennsylvania, Philadelphia. 


[CONTRIBUTION FROM THE JOHN 1 i \RRISQN LABORATORY OF CHEMISTRY.] 

ELECTROLYTIC SEPARATIONS. 

BY Irving H Bin k minster and Edgar F. Smith 
Received July 2;,, 1910. 

During the last three years there have been carried out in this labora- 
tory certain metal separations in the electrolytic way, which may be 
of interest to those who are engaged in work of this character, so that 
it seems only proper that the results should be brought together in a 
single communication. The following paragraphs gi\e in sufficient detail 
all the data necessary” for those who may have occasion to repeat the 
separations. Thus, the separation of mercury from nickel was conducted 
in the presence of sulphuric acid. The anode consisted of a flat platinum 
spiral, which was rotated. The cathode was an ordinary platinum dish. 
With 0.1437 g. of mercury, and 0.2772 g. of nickel in the presence of 0.1 
cc. of concentrated sulphuric acid, a current of N. D. 100 — 0.3 amp. and 
a pressure of 2.9 \olts there was precipitated in the course of thirty- five 
minutes 0.1436 gram of mercury. Again, 0.2876 g. of mercury was sepa- 
rated from 0.1386 g. of nickel in the presence of 0.1 cc. of concentrated 
sulphuric acid, by the means of a current of N. D. 1(>() •« 0.3 amp. and a 
voltage of 2.8 in a period of forty minutes. v Six additional .separations 
with conditions like those just indicated resulted similarly, so that we 
may regard this as a satisfactory procedure for the separation of mer- 
cury from nickel. The deposits of mercury were in every instance ex- 
amined for nickel, but it was not found. 

In the separation of bismuth from nickel 0.2772 g. of nickel and 0.2640 
g. of bismuth, in the presence of 1 cc. of concentrated sulphuric acid, were 
exposed to the action of a current of N. D. 100 =* 0.3 amp. and 2.2 volts 
for forty-five minutes. The deposit of bismuth weighed 0.2642 g. It 
was free from nickel. Six additional experiments resulted similarly. The 
deposits of bismuth, however, were not coherent, and the greatest care 
was required in washing them to avoid loss of the metal. 



1472 


GENERAL, PHYSICAL AND INORGANIC. 


In separating copper from nickel, the metals were present as nitrates 
and there was added i cc. of nitric acid, specific gravity 1.4, while a cur- 
rent of N. D. 100 = 0.3 amp. and 2.4 volts was allowed to act upon 0.1481 
g. of copper and 0.2772 g. of nickel. There was completely precipitated 
in forty minutes 0.1482 g. of copper. In the five additional experiments, 
conducted under practically the same conditions, the results were equally 
good, and the separation may, therefore, be considered successful. The 
deposit of copper was perfectly adherent and bright in color. At no 
time was nickel found in the copper. 

In endeavoring to effect a separation in nitric acid of silver from nickel 
in practically the same manner as just described under copper from nickel, 
the silver deposits were not very adherent, but upon adding 5 cc. of ordi- 
nary alcohol to the electrolyte, containing 0.21 91 g. of silver and 0.1386 g. 
of nickel, in the presence of 0.3 cc. of nitric acid, specific gravity 1.4, a 
current of N.D. 100 = 0.1 amp. and 1.1 volts, precipitated in 45 minutes 
0.2192 g. of silver. Eight additional trials were conducted and with re- 
sults that were very satisfactory. In the absence of alcohol, there was 
invariably a considerable anodic deposition. 

Another interesting separation was that of mercury from nickel in a 
nitric acid electrolyte. The results which were observed in a ^number 
of experiments are represented in the single one which is here offered: 
0.2477 g. of mercury as nitrate and 0.1386 g. of nickel as sulphate, in the 
presence of 3 cc. of nitric acid of specific gravity r.4, were electrolyzed 
with a current of N. D. 100 = 0.3 amp. and 1 volt. In 30 minutes 0.2476 
g. of mercury was precipitated. The deposits of mercury were, in all 
instances, bright and metallic, and in no case was the metal found con- 
taminated with nickel. 

Three trials leading to the separation of lead from nickel in nitric acid 
were carried out without the slightest difficulty. Lead was, of course, 
precipitated as dioxide upon a sand-blasted dish. In this instance the 
rotating cathode consisted of a perforated dish. The variation in the 
quantities of lead found ranged from 0.0001 to 0,0003 g* 

From the many separations of zinc from nickel which were carried out 
in the presence of an alkaline tartrate electrolyte, one may be given. 
With a current of N. D. i00 = 0.3 amp. and 2.4 volts, in the presence of 1 g. 
of Rochelle salt and caustic potash sufficient to precipitate and redis- 
solve the hydroxides, 0.1430 g. of zinc and 0.1386 g. of nickel as sulphates 
were acted upon for a period of 45 minutes. 0.1433 g. of zinc was found. 

In an electrolyte containing free phosphoric acid, the separation of 
copper from nickel is quite satisfactory. In the same electrolyte, an at- 
tempt to separate cadmium from nickel was unsuccessful. The cadmium 
was deposited very slowly, and almost invariably contained nickel. The 
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separation of mercury from nickel in a phosphoric acid electrolyte is also 
quite good. 

In attempting to separate nickel from aluminium in the well-known 
ammonia and ammonium sulphate electrolyte, aluminium hydroxide 
invariably attached itself to the nickel deposit and was not fully removed 
by water. However, upon adding a little dilute sodium hydroxide the 
aluminium hydroxide at once disappeared, and the nickel was then 
washed with pure water. Proceeding in this way/ three experiments 
gave most satisfactory results Upon attempting to separate nickel 
from iron in a similar electrolyte, it was discovered that the ferric hy- 
droxide w r a$ apt to contaminate the deposit of nickel. In this electro- 
lyte nickel may be successfully separated from magnesium and the alka- 
line earth metals, although, of course, in the case of the latter, some other 
ammonium salt than the sulphate should be used. Indeed, in separating 
nickel from barium, as well as from strontium and calcium, the electro- 
lyte was introduced into a small beaker, a gauze cathode being bent so that 
there was a clearance of about 5 mm. between it and the anode, and about 
the same distance between it and the beaker. The w r eight of the anode 
was 15 g. and the cathodes were about 5 g. each. By this contrivance, 
the separations, ten in all, were conducted \ery satisfactorily, and with 
results that were extremely concordant. 

In attempting to separate nickel from chromium in the presence of 
ammonium hydroxide and ammonium sulphate no deposit was observed 
after two hours, although a current of o 8 of an ampere with a pressure 
of 2 5 volts was employed. At first chromium hydroxide, of course, sepa- 
rated and was soon oxidized. This peculiar retention of the nickel led 
to trials with cobalt in a similar electrolyte. Indeed, it was soon dis- 
covered that in an ammonium hydroxide and ammonium sulphate elec- 
trolyte containing cobalt, an electrolyte which under ordinary circum- 
stances answers splendidly for cobalt as it does for nickel, upon the addi- 
tion of potassium chromate there was absolutely no deposition of metallic 
cobalt. This did not take place even after several hours' passage of the 
current; and strangely enough, when the electrolyte was removed from 
the platinum dish its pink color suggested the presence of cgbaltammine. 
When hydrochloric acid was added to the solution, and the latter warmed 
gently, quite an abundance of purpureocobaltic chloride separated out. 
As this happened in a number of trials, it was concluded to make this 
method of preparing a cobaltammine the subject of a special study, which 
is now in progress and the results of which will be reported in a later 
communication. Upon the addition of potassium chromate to an am- 
monium hydroxide and ammonium sulphate electrolyte containing cop- 
per, the deposition of metallic copper was also completely prevented. 
This curious behavior led us to add the same reagent, potassium chromate, 
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to a solution of silver nitrate containing ammonium hydroxide and am- 
monium sulphate. Upon the passage of a current of 0.6 of an ampere 
with a pressure of 2.5 volts, the silver was precipitated in an adherent 
and weighable form upon the cathode. This difference in behavior of 
silver and copper in an electrolyte, such as has just been described, led 
to an attempt to separate these two metals. The five experiments in- 
stituted resulted most satisfactorily. The deposits of silver were per- 
fectly coherent and. light gray in color and were readily washed. This 
separation, however, would not be used in place of other older and just 
as reliable methods. 

A problem of considerable interest to electro-analysts has been the 
separation of silver from gold. A reference to early papers communi- 
cated from this laboratory will show that on several occasions a marked 
difference of deportment in various electrolytes justified the hope that 
this separation had been realized. Upon testing out the new methods, 
however, they were found to be inadequate. The remarkable behavior 
of the metals copper, silver, nickel and cobalt when exposed to the action 
of the current in the presence of potassium chromate led Mr. J. T. Lay, 
of this laboratory, to let the current act upon a solution of gold chloride, 
containing ammonium sulphate and ammonium hydroxide^with a con- 
siderable quantity of potassium chromate. To our amazement, gold 
was not precipitated, although the current was increased to 3 amperes 
with a pressure of 5.6 volts. 

Again, the thought came that now a separation of silver from gold in 
this new electrolyte might be obtained. While fairly good separations 
were reached, it was impossible to remove the last traces of silver without 
carrying down some gold, so that our hopes were cast to the ground. 
When for a moment one considers the new electrolyte, and the peculiar 
behavior of the metals, it seems altogether likely that complexes of the 
most varied nature must exist in the electrolyte. 

A few attempts were made with the copper salt in the presence of 
ammonium hydroxide, ammonium sulphate and potassium chromate 
to determine the electromotive force of the combination, with the result 
that very few free copper ions were found, all of which would indicate 
that in such a solution there are probably complexes, the exact nature 
of which it is not possible for us at the present moment to give. These 
are receiving proper consideration. 

The determination of zinc in a potassium cyanide electrolyte has been 
discussed at various times, and there has always been a difference of 
opinion as to the conditions under which success could be obtained. 
Our experience has shown that if to a zinc salt solution there be added 
sufficient caustic potash to completely precipitate the zinc as hydroxide, 
with enough of cyanide to just redissolve the precipitate, in the presence 
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of 20 cc. of ammonium hydroxide of specific gravity 0.96, a current of 
2 amperes with a pressure of 5 volts will precipitate 0.1487 gram of 
zinc in from 15 to 30 minutes. Six successful experiments confirmed 
this result. The deposition of the zinc was made upon a silver-coated 
platinum dish. The total dilution did not exceed 100 cc. With these 
conditions, substituting nickel and cobalt for zinc, there was no deposi- 
tion of either metal, so that it was hoped that by observing the preceding 
conditions it might be possible to separate zinc from nickel and cobalt 
in such an electrolyte. All of the results proved the contrary. It is a 
well-known fact that lead and manganese, when deposited from solutions 
containing nitric acid by the current, appear in the form of peroxides 
at the anode. If, however, the volume of nitric acid be increased to 
from 15 to 30 cc. acid, specific gravity 1.46, it was found that with quan- 
tities of metal like the following, namely 0.0982 gram of lead and 0.0555 
gram of manganese, and a current of 8.5 amperes with a pressure of 4.5 
volts, in 20 minutes there was deposited 0.0980 gram and 0.0979 gram 
of lead. Eight experiments of this character were made. The deposits 
of lead dioxide were all that could be desired. Upon testing, however, 
each of these eight deposits, traces of manganese were found. Perhaps 
these were due to occlusion. The deposits were made upon a dish anode 
and the cathode made to revolve 250 times per minute. It should be added 
that even with tw r ice the quantity of lead given in the preceding para- 
graph, the separation w r as apparently as exact as with the small amount, 
but traces of manganese w^ere found in this larger quantity of lead. 

The metal bismuth may be deposited in a perfectly adherent form, and, 
at the same time, separated from tungsten and from molybdenum, if 
conditions similar to those shown in the following examples be observed: 
0.1926 gram of bismuth as nitrate, 0.1862 gram of tungsten as sodium 
tungstate, 3 grams of tartaric acid, 0.5 of a gram of sodium hydroxide, 
and a current of 0.2 ampere with a pressure of 3 volts. The anode was 
rotated and the bismuth w'as precipitated upon the platinum cathode. 
Its quantity was 0.1928 gram. The time of precipitation did not exceed 
30 minutes. The quantity of molybdenum used in a number of success- 
ful trials was 0.1 of a gram. 

A separation that has generally been regarded as difficult in the elec- 
trolytic way is that of silver from bismuth. In our study of this problem 
more than eighty-three determinations were made. We submit two 
results, showing the conditions which proved most favorable: Ex- 
periment j. — T o a solution containing 0.0637 gram of silver as nitrate 
and 0.0875 gram of bismuth as nitrate was added 0.15 of a gram of ferric 
alum and 0.15 of a gram of chrome alum. The dilution of the electrolyte 
was 100 cc. Upon adding 6 cc. of nitric acid, specific gravity 1.47, and 
electrolyzing with a current of 0.15 of an ampere and a pressure o( 1.% 
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volts, there was precipitated in 30 minutes 0.0634 gram of silver. Ex- 
periment 2 . — To a solution containing 0.1274 gram of silver as nitrate 
and 0.0875 gram of bismuth were added 0.1 of a gram of ferric alum and 
0.2 of a gram of chrome alum. The solution was again diluted to 100 cc., 
and after the addition of 7 cc. of nitric acid of specific gravity 1.4, a cur- 
rent of 0.15 of an ampere and pressure of 1.3 volts precipitated in forty 
minutes 0.1274 gram of silver. It was noticed that when the pressure 
exceeded 1.5 volts, some bismuth peroxide appeared at the anode, and 
that traces of metallic bismuth were found in the silver deposit. It was 
noticed, also, that alum alone was not sufficient to retain the bismuth 
in solution. The temperature of the electrolyte varied from 25 0 to 30°. 

Since these experiments were made, Dr. W. N. Chapin, of this labora- 
tory, has repeated the work, with the following satisfactory results: 


Silver. 

Bis- 

muth. 

Gram. 

Ferric 

alum. 

Gram. 

Chrome 
alum. HlSTOg. 
Gram. cc. 

Volts. 

Temper- 
Am- ature. 
peres. Degrees. 

Time. 

Min. 

Silver 

weighed. 

Tests 

O.0994 

O. I 

0.09 

0.2 

3 

1 • 3 

O.15 

3 <> 

105 

O . 0990 

No 

Bis 

O . 0994 

O. I 

0.09 

O. 2 

3 

1 • 3 

0.15 

30 

105 

O . 0990 

a 

u 

O . 0994 

O. I 

0.09 

O. 2 

3 

1-3 

0.15 

30 

73 

O . 0996 

u 

u 

O . 0994 

0. 1 

0.09 

0.2 
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He has also found that the separation may be effected without the 
introduction of either of the alums. The conditions which he discovered 
to be wholly satisfactory were these: Silver 0.1 to 0.2 of a gram, bismuth 
0.1 to 0.2 of a gram, 3 cc. of nitric acid in a total volume of 75 cc., tem- 
perature 6o°, pressure 3 volts and current N. D. 100 * 0.13 to 0.20 ampere. 
A dish anode was employed and placed 3 mm. from the dish cathode. 
The anode made 250 revolutions per minute. It is expedient to maintain 
the voltage constant and allow the electrolysis to proceed until the am- 
perage falls to 0.002. By observing these conditions Dr. Chapin succeeded 
in making the separation in 25 minutes. The deposit of silver was per- 
fectly free from bismuth. The electrolyte contained no silver. 

Since mercury and silver are deposited under very similar conditions, 
it seemed probable that the preceding method would serve in the separa- 
tion of mercury from bismuth. The experiments performed by Dr. 
Chapin prove this to be correct. The conditions observed by him were 
these: Total volume of electrolyte 75 cc., to which were added 10 drops 
of nitric add. The pressure was 1.3 volts, the temperature of the elec- 
trolyte 50 The dish anode was employed and rotated at the rate of 
250 revolutions per minute. The current was allowed to fall to 0.002* 
amperes, using 0.1206 gram of mercury. The amounts obtained in two 
^experiments with the above conditions were 0.1206 gram and 0.1208 gram. 
\fhe amounts of bismuth were respectively o. 1000 and 0.2000 gram. Nitric 
acid exceeding the amount indicated above tends to prevent the last 
graces of mercury from separating. 
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Reference to the literature upon the separation of uranium in the elec- 
trolytic way from such metals as zinc, nickel and cobalt will disclose the 
fact that when using a platinum cathode with rotating anode, the uranium 
will be fully precipitated, but there seems to be a tendency on the part 
of the other metals to become enclosed in the deposit of uranium hy- 
droxide. With this knowledge before us, it was thought worth the while 
to ascertain whether by employing a mercury cathode, the separations 
could not be made satisfactory. To this end there were made up stock 
solutions of zinc sulphate and uranium sulphate. Portions of these, 
representing 0.2071 gram of zinc and 0.1352 gram of uranium', were intro- 
duced into the mercury cup. 0.5 cc. of concentrated sulphuric acid -was 
added, and with a current of 3.5 amperes and a pressure of 5 volts, zinc 
was completely precipitated in periods of time varying from 15 minutes 
to 60 minutes. The anode made 200 revolutions per minute. Twelve 
determinations were carried nut with perfect success in every instance. 

Cobalt and nickel sulphates were used in similar separations of these 
metals from uranium. The conditions were in the case of cobalt: 0.2036 
gram of cobalt and 0.0322 gram of uranium, with 0.5 cc. of concentrated 
sulphuric acid, dilution 20 cc., current 5.6 amperes, pressure 7 volts, 
time 35 minutes; anode rotating 200 times per minute. The cobalt pre- 
cipitated weighed 0.2034 gram. Kight determinations were made. In 
the case of nickel, the following conditions prevailed: 0.4290 gram of 
nickel and 0.0664 gram of uranium, with 0.5 cc. of concentrated sulphuric 
acid, and a current of 1.6 amperes, with a pressure of 5 volts. The anode 
performed 250 revolutions per minute. In 60 minutes there was pre- 
cipitated o 4288 gram of nickel. Eleven experiments confirmed the 
results of the preceding trial. 

University of Pennsylvania, Philadbi phia. 


[Contributions from the Chemical Laboratory op Harvard College.] 

SOME DERIVATIVES OF 2-ACETYL-NAPHTHOL-1. 1 

By Henry A. Torrey and E. J. Cardarelli. 

Received August 27, 1910. 

The 2-acetylnaphthol-i used in this work was prepared and converted 
into its 4-nitro and 4-amino derivatives according to the method of Fried- 
lander. 2 The free base, which had an orange-red color similar to that 
observed by him, was treated with thioacetic acid, when the monoacetyl 
compound obtained melted at 212 0 , whereas Friedlander’s acetyl de- 

1 This research was suggested by the late Professor H. A. Torrey, and the greater 
part of the work was done under his direction, but the remainder of the work and the 
writing of the paper were deprived of the advantage of his supervision by his untimely 
death. C. L. 

* Ber, t 28, 1946 (1895). 
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rivative (of which lie gives no analysis) melted at 107 °. He, however, 
used acetic anhydride in preparing his compound, and to make sure that 
our higher melting point was not due to our use of thioacetic acid we 
repeated the experiment with acetic anhydride and again obtained the 
monoacetyl compound melting at 212 0 . It is strange that we should 
have obtained a different result from Friedlander, as in at least one of 
our preparations we did our best to follow his directions. It is probable, 
however, that the difference was due to some change in conditions so 
trifling that we overlooked it. We regret that the pressure of other work 
prevented us from giving more time to this interesting subject. 

Two attempts to obtain a quinoline from the 2-acetylnaphthol- 1 by 
the method of Skraup led to unpromising results. Accordingly, we turned 
our attention to the .method of Dobner, 1 but upon heating our amine 
with benzaldehyde and pyruvic acid we obtained little or no quinoline, 
although we tried the experiment under a number of different condi- 
tions. We are of the opinion that the process would work if tried on a 
large scale, but the preparation of the amine is so troublesome that such 
experiments did not seem worth while. The difficulty in applying Dob- 
ner’s quinoline synthesis to 2-acetyl-4-aminonaphthol-i is the more 
striking, because it gives essentially quantitative results with ether amines. 
The most obvious explanation for the inertness of this amine is to be 
found in steric hindrance, as the acetyl group stands in the ortho posi- 
tion to the atom of hydrogen which should have taken part in the syn- 
thesis. It was found in the course of these experiments that the amine 
acts with benzaldehyde in the cold, giving 2-acetyl-4-benzylidinamino- 
naphthol-i, C n H 5 CHNC 10 H R (OH)COCH 3 , melting at 159 0 . The corre- 
sponding piperonylidine compound, melting at 178°, and that contain- 
ing cinnamylidine, melting at 144 0 , were also made without difficulty. 
The yields are so good that perhaps this reaction might be developed 
into a method for the quantitative determination of aldehydes. 

In the hope of reaching a quinoline more easily, the condensation of 
2-acetylnaphthol- 1 with orthonitrobenzaldehyde was undertaken, for 
the product by reduction and elimination of water might form a quinoline 
but experiments with this compound and with the meta- and paranitro- 
benzaldehyde showed that the reaction took place with such great diffi- 
culty that it was decided to work out the method with the cheaper meta 
compound before attempting to prepare the desired ortho derivative. 
The results of the numerous experiments tried under this head were far 
from inviting.^.The metanitrobenzaldehyde reacted with the 2-acetyl- 
naphthol- 1 with** great difficulty; in fact it could not be made to act at 
aU with most catalytic agents, potassium hydroxide in alcoholic solution 
the only one found effective. With this the red 2-metanitrobenzal- 
\Am„ 98, no (1888). 
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acetylnaphthol- 1 , C 6 H 4 NO 2 CHCHCOC 10 H 0 OH, melting at 210°, was ob- 
tained, but in such small yields that it was not worth while to extend 
the research to the ortho compound. We can give no explanation of 
the fact that the nitrobenzaldehydes react with 2 -acetylnaphthol- 1 
with so much more difficulty than the unsubstituted benzaldehyde. 

During the work on the action of benzaldehydes on the 2-acetylnaph- 
thol-i it was noticed that this latter substance was never recovered from 
the experiments in the form in which it had been introduced. Instead 
of crystallizing in veiy long, pale yellowish-green needles, melting at 103 °, 
the recovered substance crystallized in brown plates melting constantly 
at 98 °, so that at first we thought we had a new compound. We venture 
to suggest that the brown form may have a quinoid structure II, while 
the form melting at 103 0 is probably the phenol, I: 



(I) (II) 


This view is in harmony with the observation of v. Kostanecki, 1 that in 
condensing benzaldehyde and aeetonaphthol with 50 per cent, sodium 
hydroxide it was not necessary to add an acid, as the sodium salt was 
decomposed merely by dilution with water. The sodium salt of a sub- 
stance with a structure like II would certainly act in this way, whereas 
it seems impossible that the salt of a true naphthol like I could be decom- 
posed so easily. 

By condensing benzaldehyde with 2-acetyl-4-nitronaphthol-i the 2-ben- 
zalacetyl-4-nit ro-naphthol- 1 , CJI 5 CHCHCOC 10 H 5 NO 2 OH, was made, 
which melts at 203-208°, and resembles its isomer, CoH 4 N 0 2 CHCH- 
COC I0 H 0 OH, very closely, since that melts at 210°. In fact, the only 
marked difference is in the color — the first being orange-yellow, the second 
red. It is worth noting that the nitro group attached to the benzene in 
the red compound is nearer the double bond than that attached to the 
naphthalene ring in the orange-yellow substance. 2-Benzalacetylnaph- 
thol-i gave with nitric acid a nitro compound, which probably contained 
the nitro group on the naphthalene, to judge from its orange-yellow 
color and the melting point 206-208°, but it is obviously impossible 
to decide this point with certainty, owing to the strong resemblance be- 
tween the two isomers. 

As the orthonitrobenzaldebyde could be obtained only with difficulty, 
or at considerable expense, we next searched for some more accessible 
orthonitroaldehyde to replace it, and such a one was found in the 6-nitro- 
1 Ber. t 31, 705 (1898). 
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piperonal. 1 This substance had the further advantage of reacting easily 
even in the cold with the 2-acetylnaphthol-i, when sodium hydroxide 
was used as a catalyzer. The result, however, was not the condensation 
product expected, but the ketol, formed by direct addition of the alde- 
hyde to the methyl of the ketone, the reaction being similar to the forma- 
tion of aldol, (CH 3 0 2 )N 0 2 C 6 H 2 CH 0 + CH 3 COC 10 H 6 OH - (CH 2 0 a )N 0 2 - 
C 0 H 2 CH(OH)CH 2 COC 10 H ( ,OH. An intermediate addition compound like 
this has been frequently assumed in considering the reactions between alde- 
hydes and the methyl of a ketone, but, so far as we can find, none has 
been isolated as yet in the benzene or naphthalene series, for, if we have 
not overlooked some of them, only two are known, one made by the action 
of acetaldehyde and the other by the action of chloral on acetone. This 
is therefore the most important observation made in this research; and 
it is the more remarkable that the reaction should stop at the ketol, 
since with the other aldehydes that have been tried the unsaturated 
condensation product is formed with great ease, usually even in the cold. 

This ketol may be called 2-(6-nitropiperonylalcohol)acetylnaphthol-i 
or 1 - (naph thol- 1 ) - 1 -keto-3~hydroxy-3- (6-nitro-3 ,4-methylenedihydroxy- 
phenyl)-propane. Its ketol structure is confirmed by the observation 
that one molecule of water is removed from it by acety: anhydride, or 
better, zinc chloride, leaving a substance melting at 226°; which will 
be described presently. Our work on the acetates is also in harmony 
with the ketol formula, although the end of the year Qit it short, be- 
fore we had removed the last doubt in regard to the nature of the diacetate. 
Fortunately, however, the ketol formula is firmly established without 
the aid of this additional confirmation. Acetic anhydride alone gave with 
the ketol a monoacetate melting at 188-190° (in addition to the com- 
pound melting at 226°) , but, if sodium acetate was also present, what is 
probably a diacetate melting at 197-198° was formed. The ketol 
melts at 201-202 °, so that the melting points of these three substances 
lie suspiciously near together, but their properties in other respects are 
so unlike that there can be no doubt they are different substances. As 
they contain percentages of carbon, hydrogen and nitrogen, showing 
differences hardly greater than the experimental errors of the analysis, 
it is impossible to settle their composition by analysis alone. It was 
proved, however, that the substance melting at 188-190° is the mono- 
acetate by the analysis of its tribromo derivative, which would leave the 
formula of the diacetate for the compound melting at 197-198°, if it 
were not for the possibility that it may be a quinoid form of the mono- 
acetate of the ketol. This view receives some confirmation from the 
fact that it crystallizes in rectangular plates, thus resembling the sup- 
posed quinoid form of 2-acetylnaphthol-i discussed earlier in this paper; 

1 Fittigand Remsen, Ann,, 159, 134 (1871). 
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but it melts higher than the other form, whereas in that case the supposed 
quinoid melted lower; and the analysis agrees better with a diacetate 
than a monoacetate formula. These facts have led us to assign the for- 
mula of the diacetate provisionally to the substance melting at 197- 
19S 0 , until its composition can be definitly fixed by additional experi- 
mental work, and we are the more ready to do this, because the quinoid 
form in the case cited rests at present only on a theoretical basis. 

The substance melting at 226°, formed by treatment of the ketol 
with acetic anhydride or zinc chloride, differs from it by containing one 
less molecule of water, which might be split out in two different ways, 
forming either 2-(6-nitropiperonalacetyl)-naphthol- 1 , C 6 H 2 (CH 2 0 2 )- 

N 0 2 CH — CIiCOC l0 H 0 OH, or (6-nitro-3,4-methylenedihydroxyphenyl)- 

r — O 1 

naphthoflavanone, C,,H 2 fCH 2 O 2 )NO 2 CHCH 2 COC 10 H tt . The action of bro- 
mine on this substance gives a monobromo derivative formed with evolu- 
tion of hydrobromic acid, and therefore pronounces in favor of the naph- 
thoflavanone formula in spite of the fact that our substance is red, and 
all the fiavanones, of which we can find accounts, are white, as it seems 
impossible that the dibromo addition product formed, if it were the piper- 
onalacetyl compound, could be unstable enough to drop to the mono- 
bromo derivative spontaneously. 

Experimental Part. 

Aci't-2-acetyl-4-amtnonaphthol-i . — The 2-aeetyl-naphthol-i used in this 
work was prepared by the method of Friedlander 1 except that we found 
the boiling could be diminished from twenty to ten minutes, and a crys- 
tallization from glacial acetic acid removed most of the blue impurity 
thus facilitating the subsequent purification with alcohol. The nitro de- 
rivative also made by Friedlander’s method was reduced with tin and 
equal parts of strong hydrochloric acid and water, added directly to the 
mixture of the ketone and the tin. v Since the hydrochloride of the amino 
compound went into solution, as it was formed, it was easy to tell when the 
reduction was complete. The solution was filtered hot and the hydro- 
chloride crystallizes on cooling in slightly yellowish needles, of which a 
small additional quantity was obtained by adding strong hydrochloric 
acid to the filtrate. On the addition of acid sodium carbonate to the 
aqueous solution of the hydrochloride the free base was obtained, of an 
orange-red color. * 

To convert this colored base into the acetyl compound, it was treated 
with thioacetic acid in molecular proportions, when a vigorous action at 
once set in, accompanied by evolution of hydrogen sulphide. The sligntly 
yellow product, after crystallization from dilute alcohol, showed the 
constant melting point, 212 0 . As Friedlander obtained his acetyl com- 

* Bcr.> 28 , 1946 (1895). 
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pound, melting at 107°, by the action of acetic anhydride, another por- 
tion of the 2-acetyl-4-aminonaphthol-i was warmed gently with an ex- 
cess of acetic anhydride. The product was diluted, allowed to stand, 
neutralized with acid sodium carbonate, and the precipitate, after crys- 
tallization from alcohol, also melted at 212 0 . 

The analysis gave 5.86 per cent. N; calculated, 5.76 per cent. 

It is therefore a monoacetyl compound, as the diacetyl derivative 
would give N 4.91. Whether the acetyl group is attached to oxygen or 
nitrogen must be left undecided in the present state of our knowledge. 

Properties . — It crystallizes from dilute alcohol in microscopic needles, 
arranged like chestnut burs, and has a yellowish white color, which we 
think belongs to the compound, as it could not be removed by crystalliza- 
tion, even when assisted by boneblack. It melts at 212 0 and is soluble 
in alcohol, chloroform, or benzene. 

2-Acetyl-4-berizylidenainmoYiaphthol-i } C 6 H 6 CHNC 10 H 5 (OH)COCH 3 . 

This substance was obtained in an attempt to convert the 2-acetyl-4- 
aminonaphthol-i into a quinoline. As two experiments with Skraup’s 
method had yielded unpromising results, we tried the method of Dobner, 1 
and for this purpose made a mixture of the ketone, benzaldehyde and 
pyruvic acid in absolute alcohol; crystals were deposited almost imme- 
diately, which, after purification, showed the constant melting point 
159 0 . Pyruvic acid with the ketone in absolute alcohol* gave no action 
in 30 minutes, and even after an hour only a very small amount of a green 
powder had been deposited from the solution, which had turned red. 
On the other hand, when a solution of the ketone in absolute alcohol 
was mixed with benzaldehyde, crystals separated almost at once. After 
purification these melted as before, at 159 0 . The yield was 95% of the 
theoretical. 

The analysis gave 4.89 per cent. N; calculated for C l9 H l6 0 <N, 4.84 per cent. 

Properties . — The benzylidene compound forms small, lustrous plates 
between the colors of brass and bronze. Melting point 159 0 . Slightly 
soluble in cold, soluble in hot alcohol; soluble in ether, chloroform, tetra- 
chloride of carbon, acetone, ethyl acetate, or benzene. Ferric chloride 
decomposes it, forming as one of the products benzaldehyde, which was 
recognized by its smell. 

2- Acetyl-4- piper onylidenaminonaphthol, C tJ H 8 (O 2 CH 2 )CHNC 10 H 6 (OH)- 
COCH 3 . — This substance was obtained in almost quantitative yield by 
allowing solutions of the free base and piperonal in absolute alcohol to 
stand for fifteen minutes. It could also be obtained from the hydro- 
chloride and piperonal, but in this case the alcoholic solution needed heat* 

1 Loc. cit . 
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ing for thirty minutes, and the product was much less pure. After crys- 
tallization from alcohol it showed the constant melting point 178°. 

Calculated for C ao H, 5 0 4 N, N: 4.20. Found, 4.63 per cent. 

Properties . — The piperonylidene compound forms lustrous brown 
plates from alcohol, which melt at 178°, and are very slightly soluble in 
cold, soluble in hot alcohol or tetrachloride of carbon; soluble in amyl 
alcohol, ethyl acetate, chloroform, or benzene; slightly soluble in gasoline. 
A solution of ferric chloride, if warmed slightly, turns it dark and splits 
off piperonal, to judge from the odor. 

2-Acetyl-4~cinnamylidenaminon a phthol- 1 , C fi H 5 CHCHCHNC 10 H 5 (OH)- 
COCHj, was prepared by allowing cinnamic aldehyde to stand with the 
free base in absolute alcohol for thirty minutes. After crystallization 
from alcohol it melted constantly at 144 0 The yield was 95 per cent, 
of the theoretical. 

Calculated for C 2 ,H 17 0 2 N: N, 4 44. Found, 4 51 percent 

Properties . — Brownish yellow needles melting at 144 0 : slightly soluble 
in cold, soluble in hot alcohol; soluble in ether, ethyl acetate, tetrachlo- 
ride of carbon, or benzene. A solution of. ferric chloride set free cinnamic 
aldehyde, to judge by the smell. 

Salicylic aldehyde gave a crystallin precipitate with an alcoholic solu- 
tion of 2-acetyl-4-aminonaphthol-i, similar to those described above. 

2-B enzalacetyl-4-nitrona phthol- 1 , C id H 5 (OH, (C 0 CHCHC e H 5 )N 0 2 . — To an 
alcoholic solution of 10 grams of 2-acetyl-4-nitronaphthol-i were added 
the equivalent amount of benzaldehyde and 20 grams of a 30 per cent, 
solution of sodium hydroxide and the mixture was heated on the steam 
bath under a return condenser for an hour. The bright red liquid thus 
obtained, when poured into acidified water, gave an oily precipitate, 
which soon crystallized. One portion of this red solid -was crystallized 
first from glacial acetic acid and afterward from a mixture of benzene 
and tetrachloride of carbon; it melted between 203 0 and 208°. In no 
case did we succeed in obtaining a sharp melting point with this substance; 
the temperatures given are those which were not altered by subsequent 
crystallization. It is possible that this peculiarity of the melting point 
was in part due to the formation of some azoxy compound by the sodium 
hydroxide and alcohol, which afterward could not be removed by crys- 
tallization, and this would also explain the red color. A specimen of 
what we think is the same compound made by the nitric acid process 
(which could contain no azoxy compound) melted at 206-208°, and w r as 
orange-yellow; it therefore gives some support to this hypothesis, but it 
is to be observed that even this is not a sharp melting point. Another 
portion of the red product was recrystallized from a mixture of benzene 
and alcohol and melted at 202-206°. It had a reddish orange color. 

Calculated for C l# H u 0 4 N: N, 4.40. Found, 4.67 per cent. 
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The azoxy compound, C 38 H 2e N 2 0 6 , contains 4 . 74 per cent, of nitrogen, 
so that the analysis cannot distinguish between the two formulas. 

Properties . — The benzalacetyl compound crystallizes from glacial 
acetic acid in needles of a bright orange-yellow color; but, if these yellow 
crystals are allowed to cool in the acid, they turn red. By heating them 
again with glacial acetic acid their yellow color is restored, the red form 
reappearing, if they are allowed to cool in the acid, whereas they remain 
yellow, if filtered and dried before the acid has cooled. We can offer 
no explanation of this phenomenon. The melting point varied accord- 
ing to the method of purification, 203-208° from benzene and tetra- 
chloride of carbon, 202-206° from benzene and alcohol. Soluble in 
benzene; slightly soluble in alcohol, even hot, or in tetrachloride of car- 
bon; slightly soluble in cold, much more soluble in hot glacial acetic acid. 

What we suppose to be the same compound was prepared from 
2-benzalacetylnaphthol-i as follows: One gram of the ketone dissolved 
in hot glacial acetic acid was treated with the calculated amount of fum- 
ing nitric acid, also dissolved in glacial acetic acid. As the liquid cooled, 
a heavy, yellow crystallin precipitate was deposited, which, after wash- 
ing with water and crystallization from a mixture of alcohol and ben- 
zene, melted at 206-208°. / 

Calculated for C tt H lg 0 4 N: N, 4 40. Found, 4 39 per cent 

Properties . — It crystallizes in orange-yellow needles clinging together 
like fibers of asbestos, which melt at 206-208°, and show' the same solu- 
bilities as the substance prepared by the other method. An attempt to 
make a bromine derivative gave a lemon- yellow product, which could 
not be dried without decomposition. A specimen of the nitro compound 
was boiled for eight hours with tin, hydrochloric acid and alcohol without 
reduction, as there was no change in the melting point. 

2-Metanitrobenzalacetyhvaphlhol-T , C 10 H G OHCOCHCHC 6 H 4 NO 2 . The 

condensation of metanitrobenzaldehyde with the ketone was a difficult 
affair, and we obtained little or no action with aqueous solutions of sodium 
hydroxide of varying strengths up to 50 per cent, tried under a variety 
of conditions, and we were no more successful with sodium ethylate, a 
saturated solution of sodium hydroxide in alcohol, zinc chloride, or bar- 
ium hydroxide. Sulphuric acid of 66 per cent, gave a product, but it 
seemed very unmanageable. A small yield of the condensation product 
was finally obtained by allowing the 2-acetylnaphthol-i and metanitro- 
benzalaldeliyde to stand for three days at ordinary temperatures with a 
20 per cent, solution of potassium hydroxide in alcohol, when a black 
solid was obtained, which became brownish red on drying. The filtrate 
from it contained unaltered acetylnaphthol. The solid was treated 
with water, in which it was slightly soluble, and then acidified with 
acetic acid, which threw down a dirty orange precipitate. This, after wash- 
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ing, was recrystallized from a mixture of four parts of benzene to one of 
alcohol, until it showed the constant melting point 210°. 

Calculated for C ltt H l3 0 4 N: N, 4 40. Found, 4.59 per cent. 

Properties . — The metanitro compound forms red microscopic needles 
arranged in clusters. Melting point 210°. Soluble in chloroform; 
slightly soluble in hot glacial acetic acid, or hot alcohol, nearly insoluble 
in cold alcohol. It absorbs bromine easily, forming a vermilion-colored 
substance. 

2(6-Nitropipcronylalcohol)acctylrui phihol - / , or 1 ( na ph thol-i)-i -keto-3-hy- 
droxy-3{6-nitro-3,4-methylendihydroxy phenyl)- propane, C 10 H 0 (OH)COCH 2 - 
H 0 CHC 6 IIjN 0 2 ( 0 2 CHJ. — This ketol was formed instead of the piperonyl- 
idene compound expected, when 5 grains of the 2-acetylnaphthol-i and 
5.3 grams of 6-nitropiperonal were dissolved in hot alcohol, cooled to 
the temperature of the room, and treated with 25 grams of a 30 per cent, 
aqueous solution of sodium hydrate. The liquid began to grow dark 
immediately, and soon became red, depositing a yellow solid The action 
was promoted by frequent shaking, but heat must be carefully avoided, 
as it interfered with the success of the process. After four or five hours 
the dark yellow precipitate was filtered out and acidified with acetic acid. 
A preliminary washing with water, which was used, is not to be recom- 
mended, as the substance is soluble in water to such an extent that it 

was probably a sodium salt. After the acidification the substance was 

crystallized from glacial acetic acid till it showed the constant melting 
point 201-202°. 

Calculated for C a0 H 1& O 7 N: C, 62 99, ; H, 3 9^, N, 3 67. 

Found: C, 6 2 45, 62.55, If, 2 71, X, 4 03. 

An acetate might possibly have been formed by the glacial acetic acid 
used in purifying the substance, and this would give \ery nearly the 
same percentages of carbon, hydrogen and nitrogen as the free ketol; 
therefore, to prove that our substance was not an acetate, it was boiled 
for an hour with strong hydrochloric acid and was recovered unaltered 
at the end of this time. For still greater certainty a sample was purified 
without the use of glacial acetic acid by crystallizing it from benzene 
and alcohol, when, with .some difficulty, it was obtained with the same 
melting point and crystallin form. 

Properties — The ketol forms long, lemon-yellow needles which melt at 
201-202°. It is moderately soluble in cold acetone, more so in hot; 
slightly soluble in ether or in cold glacial acetic acid, soluble in hot glacial 
acetic acid; somewhat soluble in cold, soluble in hot ethyl acetate; very 
slightly soluble in cold, slightly in hot alcohol; very slightly in cold, mod- 
erately in hot benzene; essentially insoluble in tetrachloride of carbon. 
Strong sulphuric acid dissolves it with a red color, but a yellow precipi- 
tate is formed on adding water; strong hydrochloric add has no effect on 
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it, even when hot; boiling with sodium hydroxide gives the 2-acetyl- 
naphthol-i to judge from its melting point, 98°. 

A saturated alcoholic solution of the ketol turned red, when treated 
with piperidine, and the color became very dark after boiling for two 
minutes. This formed with water a red solution with a fine blue fluor- 
escence, from which acidification threw down a yellow precipitate, but 
this was not studied further. The behavior of the ketol with acetic 
anhydride and with bromine is described later in the paper. 

Monoacetate of the Ketol. — When the 2-(6-nitropiperonylalcohol)- 
acetylnaphthol-i was heated in a flask with a return condenser with acetic 
anhydride for an hour to an hour and a half, and the product, after cool- 
ing, poured into water, two products were obtained, an orange one, 
which proved to be the monoacetate, and a red, which was found to be 
the flavanone, described later. The orange product was separated from 
the red by treatment with chloroform, which dissolved it, leaving the 
red behind. On evaporating the filtered solution the acetate was ob- 
tained nearly pure, and was recrystallized from a mixture of alcohol and 
benzene until it showed the constant melting point 188-190°. 

Calculated for C»H 17 O g N: C, 62 .41; H, 4.02, 

Found: 0,62.93; II, 5.10. g 

This analysis is of little value in determining the nature of the - sub- 
stance, as the free ketol contains 62.99 and the diacetate 61.93 per 
cent, of carbon, but that it was the monoacetate was shown by the analy- 
sis of its bromine derivative, described in the next section. 

Properties . — The monoacetate crystallizes from glacial acetic acid in 
cream-colored needles, which melt at i88°-i90°. It is soluble in chloro- 
form; moderately soluble in cold, soluble in hot benzene; slightly soluble 
in cold alcohol, soluble with difficulty when hot; slightly soluble in cold, 
soluble in hot glacial acetic acid. Boiling with strong hydrochloric acid 
made it take on a brownish yellow color, but we were unable to raise the 
melting point of the small amount of product obtained above 188°. 

Tribromo Derivative of the Monoacetatc of the Ketol . — The monoacetate 
just described was dissolved in glacial acetic acid, the .solution kept hot 
on the steam bath, and treated with an excess of bromine. When no 
more hydrobromic acid was given off the product was poured into water 
and the yellow precipitate thus obtained purified by repeated solution 
in glacial acetic acid and precipitation with water. 

Calculated for CggH^OgNBr,: Br, 36.-36. Found, 36.49 per cent. 

The tribromo compound of the free ketol would contain 37.85, of the 
diacetate 34.98 per cent, of bromine, so there is no doubt that this com- 
pound is a monoacetate. 

Properties . — The tribromo derivative crystallizes with difficulty from 
chloroform in small yellow needles. It has no definit melting point, 
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but decomposes between 160 and 170°, although it turns pale green 
between no and 115 0 . It is moderately soluble in alcohol, or ligroin, 
when cold, soluble in either solvent if hot; soluble in ether, chloroform, 
glacial acetic acid, or benzene. After heating with sodium ethylate 
only a slight test for a bromide — little more than an opalescence was ob- 
tained. The bromine is therefore probably not attached to the side 
chain. 

Diacetate of the Ketol . — This substance was obtained when the ketol 
was boiled with acetic anhydride and sodium acetate instead of with the 
anhydride alone. After boiling for nearly two hours, water was added 
which precipitated an oil, soon hardening to a pale greenish yellow solid. 
This was washed with water and recrystallized from benzene till it showed 
the constant melting point 197-198 °. 

Calculated for C 24 H l# 0 9 N. C, 61 93; If, 4 08. 

Found: C, 62 08, H, 5 64. 

This analysis shows little, as the ketol and its mono- and diacetate 
all contain nearly the same percentage of carbon. It has been shown 
in the introduction to this paper that this substance is either the diace- 
tate or a quinoid form of the monoacetate. 

Properties . — The diacetate forms lustrous, golden, rectangular crystals 
melting at 197-198°. It is somewhat soluble in cold glacial acetic acid, 
or benzene, tolerably soluble in either of these solvents when hot; essen- 
tially insoluble in cold, and only slightly soluble in hot alcohol; slightly 
soluble in ether. 

Action of Bromine on the Ketol . — This work was undertaken so near 
the end of the term that we have not been able to carry it beyond the 
preliminary stage. Bromine had no apparent action on the 2-(6-piper- 
onylalcohol)-acetyl-naphthol- 1 in the cold in chloroform suspension, but, 
if the ketole was dissolved in hot glacial acetic acid, and an excess of bro- 
mine added, hydrobromic acid was given off, and at the end of two or 
three minutes , heating on the steam bath an orange precipitate began to 
form, which soon became so thick that it was necessary to add more 
acetic acid to the pasty mass. After about three hours' heating on the 
steam bath, hydrobromic acid ceased to come off and the acetic acid solu- 
tion was filtered from the orange-red precipitate, which formed the main 
product of the reaction, while a second yellow substance was obtained 
by the addition of water to the filtrate. That the two substances are 
different is shown not only by their melting point (red 252°, yellow 220°), 
but by their solubilities, the red compound being insoluble or nearly so 
in all solvents except nitrobenzene; the yellow, soluble in all the solvents 
tried. Two samples of the red compound gave agreeing amounts of 
bromine (11.83 a °d 11.38) on analysis, although one was purified only 
by washing, the other by precipitation with alcohol from a solution in 
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nitrobenzene, but these numbers stand in no relation we can find to the 
monobromo ketol, which contains 17.39 per cent, of bromine. The yel- 
low substance could not be purified sufficiently for analysis in the time 
at our disposal. Neither product gave up any quantity of halogen on 
treatment with sodium hydroxide. 

2 - (6-Nitro- 3 ,4-methylcnedioxy phenyl) - naphthoflavanone , 

1 O ? 

(C„H 2 (CH 2 O 2 )NO 2 )CHCH 2 COC 10 H 0 . — This substance was made at the 
same time with the monoacetate by boiling the 2-(6-piperonylalcohol)- 
acetylnaphthol-i with acetic anhydride. It was separated from the ace- 
tate by dissolving the latter with chloroform, in which the red flavanone 
was essentially insoluble. It was purified by crystallization from glacial 
acetic acid, until it showed the constant melting point 226°. As the 
yield was often very small in this process, a new method for preparing the 
substance was contrived, which consisted in boiling the ketol with alco- 
hol and zinc chloride for one and a half to two hours, when the red crys- 
tals separated in good quantity. 

Calculated for C 20 H l3 O 0 N : C, 66 1 r H, 3 59. 

Found: C, 66 27, 65.95; H, 4 94, 3 39. 

Properties. — The flavanone crystallizes in red needles with an Grange 
tinge, which melt at 226°. It is essentially insoluble in ether, chloroform, 
or ligroin, also in alcohol, benzene, or glacial acetic acid when cold, slightly 
soluble in hot alcohol, very slightly in hot benzene, and soluble* in hot 
glacial acetic acid. Bromine acts on it with the evolution of hydrobromic 
acid, as described in the next paragraph. 

1 O r 

Bromine Compound of the Flavanone , (C 0 H 2 (CH 2 O 2 )NO 2 )C2H.,BrCOC lo H e . 
— When the flavanone was suspended in chloroform, or dissolved in glacial 
acetic acid, and treated with an excess of bromine, hydrobromic acid 
was given off, and an orange precipitate was thrown down.' To purify 
it for analysis it was washed thoroughly with hot glacial acetic acid, after 
which it showed a decomposition point between 250° and 255 °. 

Calculated for C 20 H 12 O (i NBr: Br, 18.09; found, 17 49, 17 .49 per cent. 

These analyses are as near, as could be expected, when it is remem- 
bered that the substance was purified only by washing. 

Properties. — An orange powder decomposing between 250 0 and 255 °. 
It is essentially insoluble in alcohol, tetrachloride of carbon, or benzene; 
slightly soluble in hot ethyl acetate or carbon disulphide ; very slightly 
soluble in hot glacial acetic acid, essentially insoluble in all these solvents 
when cold. A drop of alcoholic potassium hydroxide added to the sub- 
stance suspended in alcohol turned it red — a very bright red on warming — 
and gave a good test for potassium bromide. The end of the year pre- 
vented us from studying the red products of this reaction. 
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[Contributions from the Chemical Laboratory of Harvard College.] 

I-BENZOYLPHENYL-3-METHYL-5-PYRAZOLONE.' 

By Hbnky A Tokkey and II. R. Rafsky. 

Received August 27, 1910. 

Pyrazolones containing a radical other than phenyl in the i-position 
are far from common, and in the present paper we add another member 
to this small class of compounds. The i-benzoylphenyl-3-methyl-5- 
pyrazolone was made (following Michael’s general method for making 
pyrazolones) from the hydrochloride of parahydrazinobenzophenone and 
acetoacetic ester with a few drops of hydrochloric acid. It melts at 
1 70-1 71 °. Unfortunately, the short time at our disposal prevented us 
from studying, beside the free base, more than the hydrochloride and 
the dimethyl compound, of which latter we did not get an analysis. 
We add an improvement to Dobner’s method of making paraminoben- 
zophenone, and several details which we found necessary to insure success 
in Ruhemann and Blackman’s method of making the parahydrazinoben- 
zophenone. 

Experimental Part. 

The paraminobenzophenone necessary for this work was made accord- 
ing to the method of Dobner 2 by the action of benzoyl chloride on phthal- 
anil in presence of zinc chloride (the purified product being subsequently 
saponified into the paraminobenzophenone), but we found that the hard, 
pitch-like substance formed could be worked up with better results by 
extraction with alcohol, without boneblack, than by the treatment with 
glacial acetic acid and boneblack lecoinmended by him. For this purpose 
several hundred grams of the crude substance were boiled with a reflux 
condenser for some time with 700-800 cc. of alcohol, the solution filtered 
boiling through a steam funnel, and the filtrate cooled in ice water, when 
crystals were deposited. By using two portions of alcohol the process 
could be run continuously, and, although it took more time than that 
with acetic acid, it gave much less trouble, and the product, while not 
quite so pure, proved to be sufficiently so for our purpose The paramino- 
benzophenone prepared from it with potassium hydroxide, after one re- 
crystallization, melted at 124 0 , as it should; but the principal advantage 
of this method was that the yield was 1 70- 1 80 grams as compared with 
70-80 grams by the old method. 

Parahydrazinobenzophenone was prepared by the method of Ruhe- 
mann and Blackmann, 8 consisting in the reduction of the diazo com- 

1 This research was suggested by the late Professor H. A Torrey, and somewhat 

more than half of the experimental work was done under his direction, but the re- 
mainder of the experimental work and the writing of the paper were deprived of the 
benefit of his supervision by his too early death C. L. Jackson. 

2 Ann., 2io, 267. 

1 J. Chem . Soc. t 55, 613. 
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pound with stannous chloride and hydrochloric acid. This process, as 
was to be expected, gave us much trouble, but we finally succeeded in 
obtaining the hydrazine by observing the following precautions: The 
paraminobenzophenone was ground in a mortar with strong hydrochloric 
acid, so as to obtain a powder fine enough to remain easily in suspension 
in the hydrochloric acid used for the diazotization. The mixture was* 
cooled carefully with ice and the concentrated solution of sodium nitrite 
added in five portions at intervals of an hour with frequent shaking. 
The completion of the reaction was determined by the disappearance 
of yellow sediment, but a white one always remained. 

The solution was allowed to stand overnight in ice, filtered, and added 
slowly, with constant stirring, to the solution of stannous chloride in strong 
hydrochloric acid (which was also well cooled with ice) at which the 
yellow precipitate mentioned by Ruhemann and Blackman was formed. 
This, after standing in the cold solution for half an hour, was filtered and 
dried on a porous plate. If it was dried on a steam radiator, it turned 
red, but this red product seemed to give the hydrazine hydrochloride 
as well as the orange-yellow one which was dried at ordinary temperatures. 

The extraction of the hydrochloride from this product gave much trouble. 
The first extraction with a large amount of warm water could be^ filtered 
off without difficulty, but the second converted the residual tin salt into 
the colloidal state, when it was impossible to remove it by filtering, or 
decantation. After many experiments this difficulty wa£ overcome as 
follows : The crude product was wanned with twice its volume of water 
at 50-60° with shaking for several minutes. As stated by Ruhemann 
and Blackman, heating to boiling causes some decomposition. It was then 
filtered rapidly, and by quick work a second similar extraction could be 
carried through before the precipitate had grown too fine to filter, but, 
when water was added for the third extraction, a colloidal solution was 
formed. By the addition of hydrochloric acid to this colloidal solution a 
precipitate similar to the original was formed which, after being filtered, 
and pressed on a porous plate, could be extracted three times before it 
became colloidal, and fortunately this was enough to extract all the 
hydrochloride of the hydrazine. This was precipitated from the combined 
water extracts by the addition of hydrochloric acid. The free hydrazine 
was then obtained by the addition of a concentrated solution of sodium 
acetate to a warm aqueous solution of the hydrazine hydrochloride. We 
have given an account of these additional details of the process in the hope 
of saving others the large expense of time and labor, which we found 
necessary in order to get a good result. 

i-Benzoylphenyl-3~methyl-5-pyrazolone } 

\ CO r 

C„H 6 COC fl H 4 — N — N * C(CH S )CH 2 .— As the method of Knorr 1 for the 
production of pyrazolones seemed to give a very impure product in this 
1 B * r. t i6 # 2597 (1883) 
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case, we tried to prepare the substance by the general method of Michael, 1 
which also had the advantage of using the hydrochloride, and thus avoid- 
ing the somewhat wasteful preparation of the free hydrazine. The hydro- 
chloride of the parahydrazinobenzophenone mixed with acetoacetic ester 
in molecular proportions (a slight excess of the ester does no harm) and 
a few drops of hydrochloric acid were heated on the steam bath for half an 
hour. The mixture melted, gave off vapors at first, and was converted 
into a yellow, pasty mass, which solidified on cooling. It was purified 
by crystallization from alcohol until it showed the constant melting point 
170-171°. 

The analyses gave 10.31 and 10 01 per cent. N; calculated for C 17 H 14 O a N 2l gives 
ro 07 per cent. N. 

Properties of 1 -Benzoylphenyl- 3 - m eth yl-5-pyra zol one . — Brownish yel- 
low crystals from alcohol, which melt at 1 70-171 °. Freely soluble in 
alcohol; rather soluble in benzene; very slightly soluble in ether; almost 
insoluble in cold, slightly soluble in hot water. Dissolves on warming 
in strong hydrochloric acid or in an aqueous solution of sodium hydroxide, 
if not too concentrated. Silver nitrate gives a white flocculent precipi- 
tate with an alcoholic solution. The pyrazolone does not reduce Fehling’s 
solution. 

Hydrochloride — The i-benzoylphenyl-3-methyl-5-pyrazolone was dis- 
solved in benzene and dry hydrochloric acid gas was passed into the solu- 
tion. The light brown precipitate formed was dried ?n vacuo. 

The analysis gave 11 55 per cent. Cl; calculated for C i7 H h 0 8 N 3 HC1, gives 11 .27 per 
cent. Cl 

We obtained the salt as a pale brown powder, but the color may have 
been due to a trace of impurity. At 180° it turns dark, shrivels up at 
193°, and melts with decomposition at 196°. 

* In an attempt to make the 2-3-dimethylpyrazolone corresponding to 
antipyrine, a method similar to Knorr’s 2 was used. Three grams of i-ben- 
zoylphenyl-3-methyl-5«pyrazolone were mixed with 3 grams of methyl 
iodide and 3 grams of methyl alcohol, and the mixture heated to 100 0 
in a sealed tube for 16 hours. The product, a thick dark brown liquid, 
was warmed on the steam bath and treated with sulphurous anhydride, 
which hardened the mass, but produced no perceptible decolorization. 
After cooling and pulverization it was shaken with a very strong sodium 
hydroxide solution and then dissolved in benzene; after standing for 
several days the evaporation of the red-brown solution left an amorphous 
mass with a few embedded crystals; these were removed and used to in- 
oculate the benzene solution of the amorphous portion, and in this way 
crystals were obtained which, after a second crystallization (with inocu- 
lation) , were nearly white. Not enough of this substance could be obtained 
for analysis, because the end of the year prevented a second preparation, but 

1 Am. Chtm. J. t 1892, 527. 

9 B*r. t 17, 203s. 
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there seems no question that it is the i-benzoylphenyl-2,3-dimethyl-5-pyr- 
azolone, from the method of its formation and the fact that ferric chloride 
gives a dark red color with its aqueous solution. It is very soluble in 
alcohol, or benzene; somewhat soluble in cold, soluble in hot water; solu- 
ble in strong hydrochloric acid. The melting point obtained by us (125 °) 
was probably too low, as the amount at our disposal was too small to 
make certain of the purity of our specimen. 


[Contributions from the Chemical Laboratory of Harvard College.] 

NOTE ON SOME PROPERTIES OF PIPERONYLOIN. 

By Henry A. Torrey and J. B. Sumner . 1 

Received August 27, 1910, 

The object of this work was to compare the behavior of piperonyloin 
and benzoin under similar conditions. The number of results obtained 
is small, partly because we had but little time at our disposal, but still 
more because the piperonyloin, CH 2 0 2 C fi Ii3C0CH0HC () H 3 O 2 CH 2 , proved 
to be much less reactive than benzoin; thus no substance corresponding 
to desoxy benzoin could be obtained under the usual conditions for form- 
ing that substance, or a variety of modifications of them. Most of the 
piperonyloin remained unaltered, the product of the reaction befng little 
more than a trace of what seemed to be a pinacone. No oxime could be 
made: in fact there was no reaction, as far as we could find, under condi- 
tions which give the oxime of benzoin with ease; and ho more than a 
trace of an acetyl compound was formed by long continued and varied 
action of acetyl chloride on the piperonyloin. These differences between 
benzoin and piperonyloin form the most important result of this research, 
but until more observations have been made, it is not worth while to specu- 
late on their cause. 

The only substances we have found which react easily with piperonyloin 
are urea and ammonium thiocyanate. The ureide decomposes at 262°, 
the thioureide near 260°, but the formula of the latter has not been es- 
tablished by us with certainty. 

We also describe a modification of Perkin's method of preparing piper- 
onyloin, which makes it possible to use larger quantities of substance. 

Experimental Part. 

The piperonyloin used in this work was prepared by the method of 
Perkin, 2 but we found that we obtained a better result, when instead of 
heating the mixture of 5 grams piperonal, 20 grams of 50 per cent, alcohol, 
and 2 grams of potassium cyanide for 6-8 hours, as recommended by 

’ 1 This research was suggested by the late Professor H. A. Torrey, and somewhat 

hsore than half of the experimental work was done under his direction, but the re- 
mainder of the experimental work and the writing of the paper were deprived of the 
benefit of his _ super vision by his too early death. C. L. Jackson. 

* J. Chem. Soc., 59,^164. 
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him, the heating was carried on for only 3 hours, or the materials were 
allowed to stand at ordinary temperatures a few days. Under these 
latter conditions a yield of 80 per cent, of crude piperonyloin was obtained 
from 100 grams of piperonal, whereas Perkin states that the amount of 
piperonal used must be restricted to 5 grams in order to get a good result. 

Treatment of piperonyloin with zinc and 80 per cent, alcohol, saturated 
with hydrochloric acid, under the same conditions, which give desoxy- 
benzoin, gave on dilution a black tar, which could not be purified by dis- 
tillation. Treatment with ether dissolved the tarry impurities, leaving 
a mass of yellow crystals, which proved to be unaltered piperonyloin, 
and made up the greater part of the product. It follows, therefore, that 
piperonyloin is much less affected by this reducing agent than benzoin. 
On trying to distil under a pressure of 1.5 cm. the tar obtained from the 
ether, a drop of distillate came over at no 0 , and after this nothing till 
246°, when about two-thirds of the substance passed over, leaving a black 
viscid mass. By crystallization of this distillate a body melting at 170° 
was obtained, probably a pinacone, but we did not obtain it in sufficient 
quantity for investigation. Many of the reducing processes were tried, 
but with no success. 

According to Goldschmidt and Polonowska, 1 the oxime of benzoin is 
obtained with no difficulty; but with the piperonyloin we could obtain 
no reaction, although the conditions were varied in a number of different 
ways. In every case the piperonyloin w T as recovered unaltered. 

Zinin 2 made the acetate of benzoin by heating it with acetyl chloride at 
40-50° and finally at ioo°, until there was no more action. Piperonyloin 
gave no perceptible action with acetyl chloride under these conditions, 
or any others we could find. By extracting the product with ether, in 
which piperonyloin is nearly insoluble, a trace of a yellow substance 
melting near 135 0 was obtained, but the quantity was so small that it 
was useless to think of obtaining enough for study. 

Piper onyloinureide, C 17 H l2 0 5 N 2 . — This substance was made by heating 
5 grams of piperonyloin with an excess of urea and amyl alcohol in a 
sealed tube at about 190° for three hours. The tube contained some 
large crystals and a black liquid. The crystals were washed with cold 
water and recrystallized four times from glacial acetic acid, after which 
the acid was washed off with alcohol and the substance dried at iio° 
for analysis. 

The analyses gave 7.78 and 8.90 per cent. N; calculated, 8.64 per cent. 

Properties . — The ureide forms pale pinkish crystals, as obtained by us, 
which decompose at about 265°. The substance is slightly soluble in 
hot alcohol, moderately* soluble in hot amyl alcohol; slightly soluble in 

1 Ber> t 20, 492. 

* Ann. t X04, 120. 
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cold, very soluble in hot glacial acetic acid ; essentially insoluble in water, 
or benzene, even if hot. 

The thioureide was prepared by heating piperonyloin with an excess 
of ammonium thiocyanate in a sealed tube to 170°. The crystals obtained 
in this way were washed with cold water and purified by crystallization 
from hot methyl alcohol. 

The analyses gave 8 61 and 8.50 per cent. S; calculated for C 17 H ia 0 4 N 3 S, 9.41; 
for C 17 H 14 0 5 N 2 S, 8 99. 

The analyses cannot distinguish between the two formulas, and we are 
inclined to adopt the first in spite of the fact that it agrees less well with 
the percentages found than the second, since this formula is analogous 
to that of the ureide, and the difference in results might be caused by a 
little of some impurity, which could not be removed from the small amount 
of substance at our disposal. 

Properties. — The thioureide crystallizes in long, felted, nearly white 
needles, which decompose near 260°; slightly soluble in ethyl alcohol, 
methyl alcohol, acetone, or glacial acetic acid, when cold; moderately 
soluble in hot methyl alcohol, or carbon disulphide; very soluble in pyri- 
dine ; insoluble in water. 

[Contributions from the Havemeyer Laboratories ok Columbia University, 

No. 182.] 

SOME DERIVATIVES OF />-AMINOBENZONITRILE. 

By Marston Taylor Boobrt and Louis Elsberg Wise. 

Received September 11, 1910. 

In 1903, Bogert and Kohnstamm 1 published a brief article on />-amino- 
benzonitrile, giving its method of preparation and properties, and de- 
scribing also its acetyl and propionyl derivatives. 

The present paper is a continuation of this work. In it are described 
improved methods for the production of the />- nitro- and />-aminobenzo- 
nitriles and of the acetyl derivative of the latter, as well as certain new 
substances. 

By the action of glacial formic acid, of benzoyl chloride, and of ben- 
zenesulphonyl chloride, upon the aminonitrile, the corresponding acyl 
derivatives were obtained, while with oxalic esters, cyano-oxanilic esters 
and cyano-oxanilide were secured. The acetaminonitrile yielded the 
acetaminobenzamide with alkaline hydrogen dioxide, and the m-nitro- 
/>-acetaminobenzonitrile on direct nitration. By reduction of the latter, 
the 3,4-diaminobenzonitrile was prepared, a most interesting ortho- 
diamine. 

The work is being continued and another paper will appear shortly. 
The fact that other chemists are working in closely related fields, or are 
1 This Journal,, 35, 478 (1903) 
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approaching this field from other directions, has made it seem to us ad- 
visable to publish this preliminary paper. 

Experimental. 

p-Nitrobenzonitrile , (4)0 2 N.C 6 U 4 .CN(i), is best prepared by the well- 
known Sandmeyer method 1 from pure />-nitroaniline. It may be prepared 
also from the commercial “Nitrosamine” paste. 

The latter, placed at our disposal through the courtesy of the Badische 
Company, contains about 25 per cent, of the sodium salt of />-nitrophenyl- 
nitrosamine mixed with the necessary amount of nitrite 2 and was con- 
verted into the diazo compound by mixing 60 parts of the paste with 200 
parts cold (not over 18 0 ) water, then adding 21 parts dilute hydrochloric 
acid (about 30 per cent. IIC1) in a fine stream, stirring gently. This 
diazo solution was allowed to stand for about a half hour, with occasional 
gentle stirring, was filtered (from diazoamino compounds and other 
contaminants), and the filtrate added to the copper cyanide solution in 
the usual way. The temperature of the diazo solution must at no time 
rise above 18 0 . The crude nitronitrilc was separated from mineral salts 
by extraction with boiling carbon tetrachloride. Orange crystals were 
thus obtained, which were still impure. The yield of these orange crys- 
tals varied from about 31 to 43 per cent, of the theory. Further purifica- 
tion was effected by recrystallization from water, distillation with steam, 
or sublimation. 

A much more satisfactory method is to distil the original crude nitrile 
direct with steam. The product thus obtained is practically pure (m. p. 
about 148°, cor.), and the yield about 50 per cent, of the theory if pure 
^-nitroaniline was used as the initial material. 

The pure nitronitrile forms nearly colorless, fluffy crystals, melting 
at 147.5 8.5° (cor.). It is soluble in water, acetic acid, chloroform, and 
carbon tetrachloride, at their boiling points, volatil with steam, and 
can be sublimed. It has an odor recalling that of a mixture of nitro- 
benzene and benzonitrile. 

p-Ammobenzonitrilc , (4)H 2 N.C IJ II 4 .CN(i).- — The nitronitrile was reduced 
with stannous chloride and hydrochloric acid.** It is important that a 
pure nitronitrile be used in this reduction, as it is not so easy to separate 
the aminonitrile from impurities, and the yield is thus considerably de- 
creased. After reduction, no excess of concentrated hydrochloric acid 
was added, but the mixture was left in the refrigerator overnight, the 
separated tin double salt of the aminonitrile then filtered out, dissolved 
in cold water in a separatory funnel, ice and ether added, the solution 

1 Bogert and KLohnstamni, This Journal, 25, 479 (1903). 

* Ber 27, 5*4 (1S94) ; U. S. Patents 531973, 53*974, 53*975, 53*976 and 53*977* 

* Bogert and Kolmstanim, Loc cit.; Bogert and Hand, This Journal, 24, 1033 
(1902); Bogert and Beans, Ibid., 26, 469 (1904). 
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carefully made alkaline with dilute ice-cold sodium hydroxide solution, 
and the mixture well shaken. The ethereal layer was separated, and the 
extraction with ether repeated several times. The ethereal extracts were 
united and the ether driven off, leaving the aminonitrile in deeply col- 
ored crystals. Purified by recrystallization from water, it was obtained 
in colorless needles or long prisms. The best yield of aminonitrile was 
about 75-6 per cent, of the theory. 

An attempt to prepare the aminonitrile by distilling a dry and intimate 
mixture of potassium cyanide and potassium sulphanilate proved un- 
satisfactory. 

The pure aminonitrile forms colorless crystals, melting at 85,5-86° 
(cor.), as reported by Bogert and Kohnstamm. 1 

p-Forma m inobenzonitril e , (4)HCONH,C 6 H 4 .CN(i), from the nitrile 
and glacial formic acid, was purified by repeated crystallization from 
water and decolorization with boneblack. It forms small colorless crys- 
tals, melting at 188-9° (cor.) in a sealed tube. 

Pound: N, 19.31. Calculated for C 8 H R ON z : N, 19.18. 

p-Acetaminobenzonitnle , as stated, was described in the paper of 
Bogert and Kohnstamm. 1 The following is a somewhat better method 
of preparation : 

The aminonitrile is added gradually to an excess of hot acetic anhy- 
dride and the mixture heated for ten or twenty minutes. The*excess 
of anhydride is then destroyed by the addition of water to the hot solu- 
tion and, on cooling, the acetyl derivative crystallizes out practically 
pure. A small additional amount, less pure, may be recovered from the 
mother liquor. Yield, 77-85 per cent, of the theory. Crystallized from 
water until the melting point remained constant, colorless needles were 
obtained, melting at 205.5 0 (cor.). Bogert and Kohnstamm 1 found an 
uncorrected melting point of 200°. 

p-A cetaminobenzaimde , CH 3 CONH .C 6 H 4 .CON H 2 . — />-Acetaminobenzo- 
nitrile was added to a solution of hydrogen dioxide made slightly alkaline 
with potassium hydroxide, and the mixture heated for half an hour or 
an hour at ioo°. A clear yellow solution resulted. This was filtered 
hot and the filtrate allowed to cool. The amide which separated was 
recrystallized first from water and then twice from dilute alcohol. It 
forms colorless prisms, melting at about 2 74.5 °, with preliminary soften- 
ing and sublimation. Further crystallization did not alter this melting 
point or diminish sensibly the tendency to a preliminary drag and sublima- 
tion. 

Found: N, 15.95. Calculated for C fl H 10 O a N a ' N, 15.73. 

Heated with potassium hydroxide solution, it is saponified with evolu- 
tion of ammonia. 


1 Loc. tit. 
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3-Nitro-4~acetaminobenzonitrile, (4) CH 8 C0NH.C 6 H 3 (N02) (3)CN ( 1 ) . — 

Five grams />-acetaminobenzonitrile were gradually stirred into a paste 
prepared by adding 6.7 g. finely pulverized potassium nitrate to 30 cc. 
concentrated sulphuric acid, and the whole kept at a temperature of 
— io° to o° by a freezing mixture. After all the nitrile had been added, 
the mixture was held at about o° for an hour or two longer, and the 
sirupy mass then poured slowly upon cracked ice. After standing for 
a short time, the yellow precipitate was washed with water, a httle very 
dilute ammonium hydroxide solution, and again with water. Without 
previous drying, it was added to warm acetic anhydride, the solution 
boiled for a few minutes, water added to destroy the excess of anhydride, 
and on cooling the nitrile separated in beautiful yellow prisms. Re- 
crystallized from 95 per cent, alcohol, l$ng, lustrous, pale-yellow needles 
were obtained, melting at 131.5° (cor.), softening somewhat at 130°. 
Yield, about 64 per cent, of theory. The crystals are soluble in water 
or alcohol, less readily in benzene, and practically insoluble in carbon 
tetrachloride. 

Found: N, 2074. Calculated for C 9 H 7 O a N 3 : N, 20.49. 

The process just described must be followed closely to get a good yield 
of pure substance. We have tried various other methods of nitration, 
but none proved as satisfactory as the above. 

To locate the nitro group, the nitroacetaminobenzonitrile was saponi- 
fied by boiling it with alcoholic potassium hydroxide solution. During 
the boiling, ammonia was evolved and the solution turned purple. On 
cooling, orange needles separated, corresponding in properties to the de- 
scription in the literature of potassium 3-nitro-4-aminobenzoate. The 
free acid liberated from this salt by the action of hydrochloric or sul- 
phuric acid crystallized from dilute alcohol in orange-yellow needles 
which, carefully dried in vacuum and heated in a sealed tube, began to 
sublime at about 190-200°, forming a yellow coating on the sides of the 
tube. At 277-8° (cor.), the .sides of the tube began to clear, and at 290-1 0 
(cor.) the substance decomposed. Salkowski 1 and'Ritsert 2 give the melt- 
ing point of 3-nit ro-4-aminobenzoic acid as 284°. 

Found: N, 15.05 and 15.27 Calculated for C 7 H a 0 4 N a , 1539. 

As a further check on the correctness of the work, some 3-nitro-4-amino- 
benzoic acid was prepared according to the method of Ritsert 3 by nitrating 
pure />-aeetaminobenzoic acid, and the product was found to be identical 
with that obtained by the saponification of the above nitroacetamino- 
benzonitrile. 

p-Benzoyla minobenzoniirile , QH5CONH.CeH4.CN, from />-aminobenzc- 

1 A»m., 173&4. 

» D. R.*P., 151725- 

* Loc . cit. 
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nitrile and benzoyl chloride, in presence of sodium carbonate, was puri- 
fied by crystallization from dilute alcohol, after treating with boneblack. 
The pure substance melts at 1 70 °-i 70.5 0 (cor.), with very slight previous 
softening. 

Found: N, 12.94 and 12.78. Calculated for C M H 10 ON t : N, 12.62. 

p-Benzencsulph oncaminobenzoniirile , C 0 H 5 S 0 2 NH . C fl H 4 CN . — Amino- 
benzonitrile was heated for a few minutes with excess of benzenesulphone 
chloride. The crude product was washed with ether and crystallized from 
alcohol to constant melting point. Colorless arborescent crystals, melt- 
ing at 175-6° (cor.), with very slight preliminary softening. 

Found: N, 10.90; S, 12.74. Calculated for C 18 H 10 O a N,S: N, 10.85; S, 12.42. 

Methyl p-Cyano-oxanUate , CH 5 OCOCONIi.C 6 H 4 .CN. — A mixture of 4 
g. methyl oxalate and 1.5 g. ^-aminobenzonitrile was heated for 
three and a half hours at uo°. The crude product crystallized from 
methyl alcohol in nacreous leaflets, melting at 208.5-9.5° (cor.). 

Found: N, 14.0. Calculated for C 10 H 8 O 8 N 4 : N, 13.73. 

Ethyl p-Cyano-oxanilate , prepared similarly to the methyl ester, crys- 
tallizes from alcohol in small, nearly colorless, flat prisms, softening some- 
what at 187° (cor.), and melting at 188.5-9° (cor.). 

Found: N, 13.13. Calculated for C u H l0 O,N*: N, 12.85. 

Di-p-cyano-oxanilide , (£)NC.C R H 4 .NHCOCONH.C 6 H 4 .CN (/>). — A mix- 
ture of equal parts by weight of ^-aminobenzonitrile and ethyl oxalate 
was heated five and a half hours at 1 60-2 io°. Ethyl />-cyano-oxanilate was 
extracted from the crude product with alcohol, and the residual insoluble 
product dried and analyzed : 

Found: N, 19.33. Calculated for C lfl H 10 O 2 N 4 : N, 19.32. 

The compound melts above 288°, and is insoluble or very difficultly 
soluble in water, alcohol, glacial acetic acid, ether, benzene, nitrobenzene, 
aniline, amyl alcohol or phenol. 

3,4-Diaminobenzonitrile , (3,4) (NH 2 ) 2 QH 3 .CN.— Five grams 3-nitro-4-acet- 
aminobenzonitrile were added gradually to a solution of 35 g. stannous 
chloride in 75 cc. concentrated hydrochloric acid at a temperature of 
30-40°. Complete solution resulted, the deep yellow color gradually 
growing paler. Nothing separated from this solution even after standing 
in the refrigerator for several days. It was, therefore, poured into a sepa- 
ratory funnel, covered with a layer of ether, and carefully made alkaline 
by adding cold dilute sodium hydroxide solution. A voluminous pre- 
cipitate appeared, not easily soluble in the ether. The mixture was re- 
* peatedly extracted with ether, the extracts combined, dried with calcium 
chloride, and the ether driven off. The colorless residue, dried in vacuum, 

' rapidly turns pink in the air. Crystallized from water, it forms colorless 
^needles, softening at 146° and melting at 147.5 0 (cor.). This melting 
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point could not be changed by further recrystallization. The ^com- 
pound is soluble in boiling water, hot alcohol or boiling chloroform, but 
dissolves in ether with difficulty. 

Found: N, 31.64. Calculated for C 7 H 7 N 8 : N, 31. 58, 
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In some of the earlier papers on this subject it has been pointed out 
that the condensation compounds of camphoroxalic acid and of its esters 


X : CC0 2 H (alkyl) 

with amines may be formulated either as C*H 14 \ | | , 

x CO NHR 


or 




HCCO a H (alkyl) 


CONR 


I. 

The balance of evidence being in favor of 


II. 

the first of these formulas, it has been employed by the senior author 
and his colleagues in their publications. 

The work described in the present communication had, for one of its 
objects, the accumulation of more direct positive proof of the constitu- 
tion of the amino condensation compounds in question; we therefore 
directed our attention to the investigation of reactions which should 
show the presence of an imino — NHR, or hydroxyl >C(OH) — group in 
the condensation compounds. 

Our first experiments were carried out with phenylcamphoformene- 

X : CC0 2 H 

aminecarboxylic acid, C s ll u \ j j ; it is prepared very readily from 

x CONHC 6 H 6 

camphoroxalic acid and aniline, is easy to purify and is relatively stable. 
We obtained it by a slight modification of the method described by the 
senior author and A. Tingle. 2 The acid is attacked immediately by 
bromine, in chloroform solution; hydrobromic acid is evolved in quan- 
tity, 3,4-dibromoaniline hydrobromide is deposited in crystals and the 
solution* contains camphoroxalic acid. The probable mechanism of 
this reaction appears to be the more simple on the assumption of the 


1 Tbe previous communications of this series have appeared as follows: Bishop 
Tingle, Inaug. Dissti., Munich, 1889, p. 34; /. Chem . Sec., 57, 652 (1890); Am. Chem. 
/•» 393 (1897); 20, 318 (1898). Bishop Tingle and A. Tingle, Ibid., 21, 238 (1899); 

231 214 (1900). Bishop Tingle, This Journal, 23, 363 (1901). Bishop Tingle and 
W. E. Hoffmann, Amer. Chem . /., 34, 217 (1905) Bishop Tingle and C. J. Robinson, 
Ibid., 36, 223 (1906). Bishop Tingle, This Journal, 29, 1242 (1907). BishopTingle 
and L. F. Williams, Amer. Chem. J., 39, 105, 277 (1908). 

9 Loc . cti. 
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first of the above formulas for phenylcamphoformeneaminecarboxylic 
acid, although it is by no means conclusive. The readiness with which the 
hydrogen atoms of the benzene nucleus undergo substitution is noteworthy. 

Chromic anhydride, in acetone or in acetic anhydride solution, at the 
ordinary temperature, is without appreciable effect on phenylcampho- 
formeneaminecarboxylic acid, but potassium permanganate, dissolved 
in moist acetone, oxidizes it to camphorquinone. As camphoroxalic 
acid itself has been shown to suffer attack at the position of the double 
linkage, it is probable that this reaction follows a similar course, the 
molecule of the carboxylic acid suffering dissolution into the complexes 

CaH,^ | and >C(NHC 0 H 5 )CO 3 H, the former of which then yields 
XX) 

the quinine. 

The only product which could be obtained by the action of phosphorus 
trichloride on phenylcamphoformeneaminecarbox\lic acid was camphor- 
oxalic acid. Phosphorus pentachloride reacts like the trichloride, ulti- 
mately, therefore, the reaction may be expressed as one of simple hydroly- 
sis of the CN linkage 

A considerable number of experiments were made, under varying 
conditions, on the interaction of methyl sulphate and phenVlcampho- 
formeneaminecarboxvlic acid. It was. of course, to be expected that 
a methyl group would replace the hydrogen of the carbcgcyl, so giving 
the methyl ester, but we hoped that, in addition, the hydrogen of the 
— NHC # H 6 (formula I) might be substituted, thus giving the compound 
yC : CC 0 2 CH 3 

C*H,a I I yCH. . This would afford direct evidence in favor of 


I I /Cl 
CON<^ 


the formula in question. Unfortunately, this double substitution could 
not be realized, the only product which we could obtain was meth vl phcnyl- 

yC : CCO,CH, 

camphoformeneaminecarboxvlate, C,H W \ | | It is deposited in 

x CONHC,H 5 

yellow crystals, melting at 127 °. Under the varied conditions of our 
experiments it does not react with methyl sulphate. . < 

We failed to obtain any reaction between methyl sulphate and phenyl 

yC:CH 

camphoformeneamine, C g H, 4 \ I I • These results, apart from 

X CONHC 6 H b 

other evidence, appear, therefore, to decide effectively against any formula 

yC : C(OH)CO,H 

such as C,H U \ | , for the condensation products of cam- 

X^NR 

phoroxalic acid and amines. 
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Methyl sulphate and camphoroxalic acid give the methyl ester. On 
one occasion, by the further action of the sulphate, this ester yielded a 
small quantity of what appears to be methyl methoxycamphoroxalate, 
X : C( 0 CH s )C 0 2 CH 3 

C 8 H I . Hitherto we have not succeeded in ob- 

x CO 

taining this substance in quantity sufficient for adequate study. 

Attempts to obtain compounds from nitrous acid and phenyl campho- 
formeneaminecarboxylic acid, camphoroxalic acid, or its ethyl ester 
were unsuccessful. We employed sodium nitrite and also amyl nitrite, 
under varied conditions. 

Camphoroxalic and thiosemicarbazine react readily in hot alcohol* 
more slowly at the ordinary temperature, to form thiosemicarbazylcam- 

X : CCOjII 

phoformcneaminccarboxylic acid , C b H 14 \ | j ; in benzene, 

x CONI 1 NHCSNH 2 

the combination occurs much more slowly at the boiling point of the 
solution and is inappreciable at the ordinary temperature. The acid 
exists in two modifications which melt at 120-5 0 ant ^ 148-9 0 , respectively. 
The lower melting form (A) is the more readily soluble in benzene, it is 
somewhat viscid and is produced by adding hydrochloric acid to an aqueous 
solution of the sodium salt of the carbox>lic acid. It is also formed 
by recrystallizing the higher melting modification (B) from water. It 
changes slowly at the ordinary temperature, more rapidly when heated 
alone or with benzene, to the (B) form. A mixture of (A) and (B) melts 
at 140-5°. The modes of formation of (A) and (B) suggest that the 
former is an unstable hydrate of the latter. From the nature of the 
case it is impossible to determine this fact with certainty. There are also 
the possibilities of cis- and trans- isomerism, 

CgH u 

A A 

C.CO OC.C 

li ll 

H 2 NCSNHNHCCOJI — > H,NCSNHNHCCO,H and of tautomerism, 
X : CC 0 2 H XHCCOjH 

C.H i4 < I | — ► C*H U \ | || to be considered. 

x CONHNHCSN H 2 x CONNHCSNH a 

Our chief object in preparing thiosemicarbazylcamphoformeneamine- 
carboxylic acid was to compare its behavior with the similar derivative 
of semicarbazine, 1 t. e. t to determine the effect of exchanging an oxygen 
for a sulphur atom. The contrast between the two compounds is most 
marked in the relative readiness with which they form closed chain de- 
rivatives. Whereas semicarbazylcamphoformeneaminecarboxylkf acid, 

1 Bishop Tingle and Robinson, Loc. cit. 
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c.H 14 < 


y C : CCOjH 


x CONHNHCONH 2 


undergoes further condensation without diffi- 


culty, the thio derivative exhibits comparatively little tendency to change 
in this direction. When fused, a portion of the add is recovered and the re- 
mainder is converted into resinous products. Absolute alcohol and dry 
hydrogen chloride give only ethyl thiosemicarbazylcamphoformeneamine- 
,C : CCO a CjH 6 

carboxylate , C 8 H 14 <^ | | , which is deposited from benzene 

x CONHNHCSNH 2 
in white crystals, melting at 150-1°. 

Thiosemicarbazylcamphoformeneaminecarboxylic acid is dehydrated 
' by the action of acetic anhydride, quickly at about 100 °, more slowly 
at the ordinary temperature. The yield is almost quantitative and the 
compound is deposited in bright red crystals, melting at 181-2°. When 
treated with a warm aqueous solution of potassium hydroxide or a boil- 
ing aqueous solution of sodium carbonate the parent acid is regenerated. 
These reactions make us inclined to regard the compound as being thio - 

,C : G~ CO— Nil 

seinicarbazylcamphoformeneaminecarboxylactimide , | | | , 

XO^.NH.CS, 

its deep color, which appears to be characteristic of the compound itself 
and not due to traces of ferric thiocyanate, suggests that it probably 

X ; C— CO— N 

exists in a tautomeric form, such as C 8 H 14 <f | | || or 

x CONH.NH.CSH 


/ 


C : C.C(OH) : N 


C.H,X I 

x CONH.NH.CS 

Acetic anhydride, to which a few drops of cone, sulphuric acid have 
been added, hydrolyzes thiosemicarbazylcamphoformeneaminecarboxylic 
acid to thiocyanic add, the presence of which was shown by means of 
a ferric salt, and aminocamphoformeneaminecarboxylic acid, which 
latter then condenses to camphylpyrazolecarboxylic acid (m. p. 261-2°), 


y C : CC0 2 H 

c.h 14 <J I 

x CONHNH CSNH, 


HSCN+C,H U / 


C : CCO,H 

I I 

CONHNH, 




C— CCO,H 


C N 

\/ 

NH 

The identity of this pyrazole derivative with that prepared from cam- 
phoroxalic add and hydrazine, or semicarbazine by Bishop Tingle and 
Robinson/ was shown by direct comparison. Our acid melted at 261-2°, 
1 Am « Chem. 36, 259. 
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wliereas the melting point observed previously was 255-8°. The differ- 
ence is undoubtedly due to variation in the rapidity of heating, because 
the carboxylic acid evolved carbon dioxide at a temperature below its 
melting point. 1 

A slight modification of Bishop Tingle and Robinson’s process for 
the preparation of camphylpvrazolecarboxylic acid is described in the 
experimental portion of this paper (vide p. 15 n). 

Only resinous products could be obtained by the action of concentrated 
sulphuric acid alone, at the ordinary temperature, on thiosemicarbazylcam- 
phoformeneaminecarboxylic acid. We propose to make a further ex- 
amination, under other experimental conditions, of the ability of this 
carboxylic acid to form cycloids containing sulphur. 

In the hope of obtaining material suited for further investigation, we 
have examined the interaction of camphoroxalic acid with a number 
of amines. With 1,3,4-xylidine it gives 1,3,4-xyluhne 1,3,4-xylidyl - 

y C : CCO,NH 3 C 0 H 8 (CH 8 ) 2 

camphojormcncaviinecarboxylate, C„H | | , which 

X CO NHC 6 H 3 (CH 3 ) 2 

is deposited in brown crystals, melting at 93-4 °. By the action of so- 
dium carbonate, followed by hydrochloric acid, on this salt, 1,3,4-xylidyl- 

X : CC 0 2 H 

camphofarmcneaminccarboxvlic acid , C 8 H 14 <^ | | , is pro- 

X CO NHC 6 H 3 (CH 8 ) 2 

duced. The acid is deposited in yellow crystals, melting at 117-8°. 

X : CH 

The third member of the series, the amine, C a H u <^ | | , 

X CO NHC 0 H 3 (CH 8 ) 3 

is probably formed at a temperature above the melting point of the acid, 
but it could not be isolated in a crystalline condition. 

Comparing these compounds with the corresponding derivatives of 
aniline, it is evident that they crystallize with greater difficulty and are, 
therefore, less suited for our projected investigations. 

/>Xhloroaniline and camphoroxalic acid combine readily to form 

X : CC 0 2 H 

p-chlorophenylcamphoformcncaminccarboxyhc acid, C g H 14 <f | | , 

x CO NHC 8 H 4 C 1 

which was obtained in yellow needles, melting at 182-3°. I* s crystalliz- 
ing power is considerable. With a larger proportion of ^-chloroaniline 
it failed to form a £-chloroaniline salt, although possibly one could be 
obtained at a low temperature. 

When camphoroxalic acid and />-chloroaniline are heated gradually 
up to 155-60°, without a solvent, carbon dioxide is evolved and p-chloro- 


1 Loc cit. 
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X : CH 

phenylcamphoformeneamine, C 8 H 14 \ | | , is produced. It is 

\:o NHC 6 H 4 C1 

also formed by heating £-chlorophenylcamphoformeneaminecarboxylic 
acid above its melting point. The amine is deposited in white crystals, 
melting at 194-5 °. 

Dibenzylamine and camphoroxalic acid react quickly, in equimolecu- 
lar proportion, to form an additive compound. It gives an intense red- 
dish purple color with an alcoholic solution of ferric chloride and is re- 
solved somewhat slowly into its constituents by the action of an aqueous 
solution of sodium carbonate, or by hydrochloric acid. In spite of the 
slowness of this decomposition, we regard the substance as being dibenzyl- 

/C : C(OH)CO 2 NH 2 (CH 3 C 0 H 5 ) 2 

amine camphoroxalate, C 8 H 14 <^ I , rather than 

x CO 

,C — C( 0 H)C 0 3 H 

an acid condensation product such as C a H M \ II | . See 

X COH N (CH 2 C 0 1 I i ) 3 

Bishop Tingle and Williams. 1 The compound is deposited in white 
crystals, melting at 135-6°. It is also formed by the action of 2 molecular 
proportions of dibenzylamine on camphoroxalic acid. / 

When dibenzylamine camphoroxalate is heated with aniline (2 mols.) 
and benzene, under pressure, at ioo°, it is converted into dibenzylamine 

,C : CCG 2 NHJ(CH 2 C 8 H 6 ) 2 
phenylcamphoformeneaminecarboxylate , C 8 I 1 14 <^ I I > 

x CONHC 6 H 5 

which was obtained in white crystals, melting at 185°. Its composi- 
tion and nature is established both by its mode of formation and by the 
fact that it is decomposed into dibenzylamine and phenylcamphoformene- 
aminecarboxylic acid, when treated with dilute hydrochloric acid. 

The dibenzylamine camphoroxalate described above, when fused for 
some time, gives the dibenzylcamphoformeneamine described by Bishop 
Tingle and Williams. 2 It is also produced when a mixture of camphor- 
oxalic acid and dibenzylamine is heated at 135-40°. The use of 2 molecu- 
lar proportions of dibenzylamine is without effect on the nature of the 
product. 

ra-Aminobenzoic acid and camphoroxalic .acid form m carboxyphenyl- 

, C : CC 0 2 H 

camphoformeneaminecarboxylic acid, C a H u \ | | ; it is de- 

x C 0 NHC e H 4 C 0 2 H 

posited in white crystals, melting at 136-7°. This acid is hydrolyzed 
rather easily to its constituents; when heated at its melting point carbon 

iP Am. Chem . 39, 113. 

Ibid., 39, 117, 
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dioxide is evolved ; the other product of the reaction consists of m-carboxy- 

/ C:CH 

phenylcamphoformeneamine , C s H l4 \ | | . It is deposited 

x C 0 NHC 6 H 4 C 0 2 H 

in long yellow needles, melts at 116-7° and dissolves completely in a 
cold aqueous solution of sodium carbonate. 

Bishop Tingle and Hoffman 1 described a condensation compound of 
benzidine and camphoroxalic acid which they found to melt at 190°. 
We have repeated this work, but have observed that better results are 
obtained, as regards the purity of the product, by the use of benzene 
as the solvent. Our condensation compound was obtained in yellow 
crystals, which melted at 208°. The melting point of the substance 
varies considerably w r ith the rate of heating, but the identity of the two 
specimens was shown by their melting point when mixed. The com- 
pound is only slowdy dissolved by boiling with aqueous solutions of potas- 
sium hydroxide, or of sodium carbonate and it is reprecipitated on acidify- 
ing the solutions. This behavior suggests that it is an inner salt , 
,C:C COj.NH^ 


C.H n 


\ 


conii.c,h 4 .c,h 4 


rather than benzidylcamphojormeneaminecarb- 


: CC 0 2 H 


/ c 

oxyhc acid , C 8 H h <( | 

n CONHC 6 II 4 C (i H 4 NH 2 

When this salt (or acid) is heated at its melting point, water and carbon 
dioxide are evolved and benzidylcamphojormeneamine , 
sC : CH 

C 8 H 14 <f || , is obtained, but it is prepared more con- 

x CONHC fl H 4 C e H 4 NH 2 

vcniently by mixing the salt (or acid) with nitrobenzene and heating 
at 150- 5°. The amine is deposited in crystals, melting at 317-8°. 

Camphylamine and camphoroxalic acid react readily, but the product 
is mostly resinous under the conditions which we employed. We suc- 
ceeded, however, in isolating a white crystalline compound , which melted 
at 105 °. It appears to be formed by the condensation of the constituents, 
because it dissolves readily in an aqueous solution of sodium carbonate, 
at the ordinary temperature, and gives no coloration with an alcoholic 
solution of ferric chloride. Its quantity was too small for further in- 
vestigation. 

Only resinous substances could be obtained from ^-aminobenzaldehvde 
*and camphoroxalic acid. 

Experimental. 

Preparation and Reactions of Phenylcamphoformeneaminecarboxylic 
1 Am. Chem . 34, 231-50. 
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> C : CCO a H 

Acid, CgH w <^ | | . — This compound was prepared according to 

n CONHC $ H 5 

the directions of Bishop Tingle and A. Tingle, 1 from camphoroxalic acid 
and aniline, but instead of decomposing the resulting aniline phenyl- 
camphoformeneaminecarboxylate with dilute hydrochloric acid, it was 
found to be more convenient to dissolve the salt in an aqueous solution 
of sodium carbonate and precipitate the acid by means of dilute hydro- 
chloric acid. The yield is quantitative. 

Action of Bromine on the Acid . — The bromine (4 atoms) was added 
gradually to phenylcamphoformeneaminecarboxylic acid, both substances 
being dissolved in dry chloroform. The solution was heated gently, 
hydrobromic acid was evolved immediately and white crystals soon de- 
posited. These dissolve readily in alcohol or ethyl acetate, more spar- 
ingly in ether, acetone, or chloroform and they are insoluble in benzene. 
The purified material melts at 227-228° ; it was identified as 3,4-dibromo- 
aniline hydrobromide, Br 3 C 0 H s NH 2 .IIBr. 

Found: N, 4.30. Calculated: N, 4.22. 

When mixed with water, the hydrobromide is dissociated into hydro- 
bromic acid and 3,4-dibromoaniline, which crystallizes from the hot 
solvent in long needles, melting at 80-81 °. * , 

Found: C, 28 83; H, 2.07. Calculated: C, 28.46; H, 1.97 

The compound was identified further by the preparation of the acetyl 
derivative, melting at 127 °. This latter was obtained by heating the 
3,4-dibromoaniline at 1 50°, during 30 minutes, with anhydrous sodium 
acetate and acetic anhydride. The substance (m. p. 216°) described 
by Bishop Tingle and A. Tingle 2 as being formed from bromine and 

yC:CH 

phenylcamphoformeneamine, C 8 H 14 <^ | | , is, doubtless, 3,4-di- 

x CONHC*H 6 

bromoaniline hydrobromide. 

The chloroform filtrate obtained after the separation of the 3,4-dibromo- 
aniline hydrobromide, as described above, contains camphoroxalic acid, 
amounting, in some experiments, to 50 per cent, of the theoretical quan- 
tity. It was separated by evaporating the chloroform and extracting 
the tarry residue with an aqueous solution of potassium hydroxide. 
No unchanged phenylcamphoformeneaminecarboxylic acid could be 
detected. 

Oxidation Experiments. — Phenylcampboformeneaminecarboxylic acid 
does not appear to be attacked by chromic anhydride, at the ordinary 
temperature, during several days. Experiments were made in which 
acetone and also acetic anhydride were employed as solvents. With 

1 Am. Chem . 2X, 250. 

Mbid., 2 i t 248. 
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potassium permanganate, in moist acetone, a slow action takes place 
at the ordinary temperature. The permanganate solution was added 
gradually to the acid and the mixture allowed to remain during 24 hours, 
throughout which time the permanganate was in excess. During the 
evaporation of the acetone an odor of isocyanide was noticed; steam 
distillation of the tarry residue yielded camphorquinone, which was fully 
identified. 

Action of Chlorides of Phosphorus on Phenylcamphoformeneamine - 
carboxylic A cid.— Phosphorus trichloride (2 mols.) and the acid were 
allowed to react at the ordinary temperature, during two days, in ben- 
zene which had been dried over sodium wire. After removal of the sol- 
vent a tarry material was obtained. It was extracted with an aqueous 
solution of sodium carbonate and then with one of potassium hydroxide. 
The undissohed residue was viscous and no crystals could be isolated 
from it. The alkaline solutions yielded camphoroxalic acid. 

The action of phosphorus pentachloride appears to be exactly similar 
to that of the trichloride. 

Action of Methyl Sulphate on Phenyicamphoformeneaminecarboxylic 
Acid - The acid was dissolved in the calculated quantity of an aqueous 
solution of potassium hydroxide, and methyl sulphate (2.5 mols.) was 
added, while shaking, potassium hydroxide solution being run in at in- 
tervals so as to keep the mixture alkaline. An oil soon separates and 
after a time solidifies; it proved to be meth\l phenylcamphoformeneamine - 
y C : CCtJCH, 

carboxylatc , C 8 II 14 \ | | . This ester dissolves without difficulty 

N CONHCgH , 

in acetone, ethyl alcohol, ethyl acetate, or benzene and is deposited from 
hot methyl alcohol, or ligroin in somewhat yellow crystals, melting at 
127 0 . 

Found- C, 7.M4; H, 7.23. Calculated: C, 72.84; H, 7.35. 

The ester is hydrolyzed rather slowly to the parent acid by boiling 
it with an aqueous solution of potassium hydroxide. 

Methyl sulphate (1.1 mols.) reacts immediately, at the room tempera- 
ture, with dry sodium plienylcamphoformeneaminecarboxylate (1 mol.) 
and sodium hydrogen carbonate (1 mol.). The product consists of the 
methyl ester described above; it was extracted by means of benzene. 

A number of other experiments were carried out in which the condi- 
tions of temperature, etc., and of the relative proportions of acid and 
methyl sulphate were varied w T ithin somewhat wide limits, the object 
being to attack the NHC fi H 5 or the : COlI group of the parent acid (see 
pp. 1500). In each case the only product which could be isolated was the 
ester described above. 

A further effort in the same direction was made by heating at 140°, 
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methyl phenylcamphoformeneamineearboxylate (1 mol.) and dry potas- 
sium carbonate (1.5 mols.) and adding methyl sulphate (1.5 mols.). The 
mixture darkened immediately; ligroin extracted from it a quantity of 
unchanged methyl ester and left a black powder which melted above 
270°, 

No reaction appears to take place between phenylcamphoformene- 
yC : CH 

amine, CgH u <f | | , and methyl sulphate, at ioo°, in presence 

x CONHCeH 5 
of dry sodium carbonate. 

Experiments with Camphoroxauc Acid. — Action of Methyl Sul- 
phate. — The acid was dissolved in a warm, aqueous solution of potassium 
hydroxide (1 mol.), and methyl sulphate and an aqueous solution of 
potassium hydroxide were added gradually and alternately, while shaking. 
An oil soon separates and finally solidifies. It consists of methyl cam- 
j C : C( 0 H)C 0 2 CH 3 

phoroxalate, | .* The same product was also 

x CO 

formed by heating dry sodium camphoroxalate, methyl sulphate and 
sodium hydrogen carbonate, in benzene, during one hour. 

Methyl camphoroxalate, methyl sulphate and dry sodium carbonate, 
at 150-80°, gave a small quantity of an oil which was extracted#by means 
of ether. The oil produced no coloration with alcohol and a solution 
of ferric chloride. It was treated with an alcoholic solution of potassium 
hydroxide, at the ordinary temperature, and the residue* acidified. 
Ligroin extracted from the product an oil which gave a deep red 
coloration with ferric chloride and alcohol. These results indicate 
that the first oily material was methyl methoxy camphor oxalate , 
/C:C ( 0 CHj)C 0 2 CH # 

C*H 14 <y | A Further experiments not only failed to 

x CO 

improve the yield of this substance, but showed that its formation 
apparently depended on conditions which are rather difficult to dupli- 
cate, consequently the matter was not pursued further. 

Nitrous acid, from sodium nitrite, or amyl nitrite, failed to react with 
' phenylcamphoformeneaminecarboxylic acid, or with camphoroxalic 
acid and ethyl camphoroxalate. The experiments were made under 
varied conditions as to solvents and at temperatures ranging from — 5 0 
to that of the room. 

Camphoroxalic Acid and Thiosemicarbazine. — The acid (2.25 g.) and 
the amine (0.91 g.) were mixed in alcoholic (95%) solution (30 cc.) and 
the liquid boiled in a reflux apparatus, during about 20 minutes, until a 

1 Am. Chem. 20, 334 
a Cf, Bishop Tingle, Tuts Journal, 23, 390. 



DERIVATIVES OR CAMPEORO^AUC ACID. 


1509 


drop of it failed to give any color with ferric chloride. The reaction also 
proceeds slowly at the ordinary temperature, in presence of alcohol. 
A solution similar in concentration to that described above, gave a slight 
color with ferric chloride after 35 days, but no color was developed after 
53 days. In benzene the reaction does not take place to any appreciable 
extent after 2 months at the ordinary temperature, but it proceeds 
slowly when heated on a boiling water bath. In all cases the product 
was viscous; it was purified by dissolving in a cold, aqueous solution of 
sodium carbonate, adding hydrochloric acid in excess and allowing the 
precipitate to remain over night in contact with the mother liquor. The 
solid material was then washed with water, dried and recrystallized from 
benzene. It is deposited in white Hakes, melting at 148-9°. Analysis 
indicates that the substance is thiosemicarbazylcamphoformcneamine- 
yC :CCO,H 

carboxylic acid , C 8 U Xi <^ I | 

X CONIL\HvSNII 2 

Found: M, 14 16 Calculated: N, 14.14. 

The yield is quantitative. 

A study of the carboxylic acid shows that it exists in two modifications. 
The crystals (111. p. 148- g°) dissolve readily in a cold, aqueous solution 
of sodium carbonate, (hi adding dilute hydrochloric acid to this solu- 
tion a sticky piecipitate is deposited which is soluble in excess of the 
mineral acid. The precipitate hardens on standing and then melts at 
about 120 5°. This lowei melting material dissolves readily in warm 
benzene, 100 cc. of which, at the boiling point, dissolve about 20 g. of 
the acid. After a short time crystals appear in the boiling liquid; these 
melt at 148 g° (the original melting point) and require more than 20 parts 
of boiling benzene for solution. The lower melting material (m. p. 120-5°) 
when heated on the water bath for a few hours, or if allowed to remain 
at the ordinary temperature during several days, shows a rise in melt- 
ing point to 135-40° and a diminished solubility in benzene. A mix- 
ture of approximately equal quantities of the lower (m. p. 120-5°) and 
of the higher (ui. p. 148-9°) melting varieties melts at 140-5°. The 
higher melting form dissolves readily in warm water and is deposited 
in the lower melting modification. Both forms are soluble without 
difficulty in ethyl acetate, acetone, alcohol (95%), ether and chloro- 
form. 

The carboxylic acid gives a slight greenish tint with alcohol and ferric 
chloride, the color disappears on adding ether. When a small crystal 
of the acid is placed on moist iron a red color is produced, doubtless due 
to the formation of a little ferric thiocyanate. No coloration was ob- 
served, under similar conditions, with metallic lead, zinc, or copper. 

Fusion of the carboxylic acid leads to the production of resinous mat- 
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ter; in addition, a compound was formed which begins to melt at about 
1 70°. Its quantity was too small to permit of its purification. 

Ethyl thiosemicarbazylcamphoformeneaminecarboxylate, 

, C : CCO,CjH 5 

C,H U < | | , is prepared by dissolving the carboxylic acid in 

x CCNHNHCSNII 2 

a small quantity of absolute alcohol and passing dry hydrogen chloride 
into the solution. The ester is deposited either by exposing the liquid 
to air, or by allowing it to remain overnight in a closed vessel. It forms 
white crystals from benzene and melts at 150-1 °. Its distinction from 
the parent acid (m. p. 148-9°) was shown by a mixed melting point and 
also by the insolubility of the ester in an aqueous solution of sodium car- 
bonate. In a warm aqueous solution of potassium hydroxide it dissolves 
slowly. 

Found: C, 55.23; H, 7.18. Calculated: C, 55 38; H, 7.07. 

Under certain conditions, which were not specifically determined, a 
small quantity of a white material is also formed together with the ester. 
It dissolves readily in cold water, melts above 300° and contains ionizable 
chlorine. Quite possibly it is ammonium chloride. 

Action of Acetic Anhydride on Thiosemicarbazykomphoformeneamine - 
carboxylic Acid . — The acid (1 g.) was heated on a boiling yater bath, 
during 5 minutes, with acetic anhydride (5 cc.). A deep red solution 
was obtained, from which a resinous material separated when the liquid 
was poured into water (100 cc.). The solid was washed several times 
with water, then dried and recrystallized from glacial acetic acid; it is 
deposited in bright red crystals, melting at 181-2°. The compound is 
obtained in quantitative yield by dissolving the carboxylic acid in a little 
acetic anhydride and allowing the solution to remain at the room tem- 
perature until the anhydride and acetic acid have evaporated. This 
red compound is thiosemicarbazylcamphoformeneaminecarboxylactitmde , 
✓ C : C— CO— NH 

CgH w <f || | ; it dissolves readily in benzene, ligroin, alcohol, 

x CONH.NH.CS 

glacial acetic acid and also in a warm aqueous solution of potassium 
hydroxide; in a boiling aqueous solution of sodium carbonate dissolution 
takes place more slowly; when acidified each of these alkali solutions 
deposits the original carboxylic acid, m. p. 148-9°. 

Found: C, 55.61; H, 6.14. Calculated: C, 55.91; H, 6.09. 

Action of Acetic Anhydride and Concentrated Sulphuric Acid on Thio* 
semicarbazylcamphoformeneaminecarboxylic A cid, — The carboxylic acid 
(x g.) was mixed with acetic anhydride (1.5 cc.), well shaken and con* 
centrated sulphuric acid (3 drops) added. Heat is generated and a light 
brown solution is formed. After remaining during 15-20 minutes it 
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was poured into water; a viscid solid is deposited which was washed with 
water, then with a dilute aqueous solution of sodium carbonate and finally 
purified by recrystallization from ethyl acetate. The crystals obtained 
in this manner melted at 261-2° and were shown, by analysis, by their 
properties and by a mixed melting point, to consist of camphylpyrazole- 
yC — CCOjH 

carboxylic acid, C H l4 \ j| i| 

X C N 

\/ 

. NH 

The material for comparison was prepared by a slight modification of 
the method of Bishop Tingle and Robinson. 1 Semicarbazylcampho- 
formeneaminecarboxylic acid was fused ; the resulting product was finely 
divided and mixed with a cold, dilute aqueous solution of sodium hy- 
drogen carbonate. The resinous material fails to dissolve, but the car- 
boxylic acid slowly passes into solution and is reprecipitated by dilute 
hydrochloric acid. 

The aqueous filtrate, obtained after the removal of the pyrazolecarb- 
oxylic acid which was prepared from the thiosemicarbazyl derivative, 
was tested with a ferric salt and was shown to contain thiocyanic acid. 

Action of Concentrated Sulphuric Acid on Thwsemicarbazylcampho- 
jormeneaminecarboxylic Acid, — A little of the carboxylic acid was ground 
to a paste with cone, sulphuric acid, and a solution, which was formed in 
the course of a few minutes, was allowed to remain during 3 days in an at- 
mosphere dried by means of sulphuric acid. At the end of this period it 
was diluted with water; a precipitate was produced which consisted of 
unchanged carboxylic acid and a resin. From this no crystals could be 
separated. 

Action of 1 ^,4-Xyhdine on Camphoroxalic Acid . — The acid (1 mol.) 
and the amine (2 mols.) were warmed together in benzene solution, during 
10 minutes; after cooling, the liquid deposits a jelly-like material which 
was drained and dissolved in ligroin (b. p. below 90°). When the ligroin 
solution is allowed to evaporate moderately quickly, at the ordinary 
temperature, it deposits only a tarry substance, but if the liquid is placed 
in a small covered beaker and allowed to remain during 3 or 4 days, 
brown crystals of 1 ,3,4-xylidine ? T,3,4-xylidylcatnphoformeneaminecarb - 
y C : CC 0 2 NH s C 6 H 3 (CH i ) 2 

oxylate , CgH 14 <( | | , are deposited. The salt melts 

^CONHC 6 H 3 (CH 8 ) 3 

at 93-4 0 and dissolves readily in benzene, ligroin, acetone, ether, ethyl 
alcohol, chloroform, or ethyl acetate. An aqueous solution of potassium 
hydroxide decomposes the salt into an oil (1,3,4-xylidine) and the acid, 
1 Am, Chem, 36 , 259 . 
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which, however, is prepared more conveniently in the manner described 
below. 

Found: N, 6.49. Calculated: N, 6.25 per cent, 
j ,5,4- Xylidylcam phoform eneam in ccarboxylic acid , 

✓ C : CCO a H 

C 8 ll u \ || , is obtained from the salt mentioned above, 

X CONHC 0 H 3 (CH 3 ) 2 

but is produced more readily by dissolving equimolecular proportions 
of camphoroxalic acid and 1,3,4-xylidine in benzene and warming the 
solution until a drop of it fails to produce a red color with alcohol and 
ferric chloride. The warming is continued while the liquid is well stirred 
with an aqueous solution of sodium carbonate; the two liquid layers 
are ultimately separated and the aqueous portion is acidified with dilute 
hydrochloric acid. The resulting sticky precipitate is purified by slow* 
crystallization from low boiling ligroin. In this manner we obtained 
yellow crystals, melting at 1 1 7—8°. The acid dissolves readily in benzene, 
ligroin, ether, ethyl alcohol, acetone, chloroform, or ethyl acetate and 
also in an aqueous solution of sodium carbonate, from which mineral 
acids always precipitate it in a resinous condition. It gives no colora- 
tion with an alcoholic solution of ferric chloride. 

Found: N, 4.41. Calculated: N, 4 28 per cent. 

& 

At 130°, a mixture of camphoroxalic acid and 1,3,4-xylidine Evolves 
water and carbon dioxide; the product gave no coloration with an alco- 
holic solution of ferric chloride and it doubtless contained the ^compound 
yC : CH 

CgHjX I \ , but no crystals could be isolated. 

\CONHC c H 3 (CH 8 ) 2 

p-Chloroanilinc and Camphoroxalic Acid. — When equimolecular pro- 
portions of these two substances are dissolved in benzene and heated 
during "five minutes, crystals soon appear. They were purified by re- 
crystallization from benzene, being deposited in yellow needles, melt- 
ing at 182-3°. The compound consists of p-chlorophenylcamphojormene- 

/C:CC0 2 ll 

aminecarboxylic acid , | | . This acid, and not the 

x CONHC ft H 4 Cl 

^-ehloroaniline salt, is also formed when camphoroxalic acid and />-chloro- 
aniline are brought together in the ratio of 1:2 mols. The acid dissolves 
readily in benzene, ether, ethyl alcohol, acetone, or ethyl acetate. In 
ligroin the solubility is smaller. At the ordinary temperature, it dis- 
solves easily in an aqueous solution of sodium carbonate and is repre- 
cipitated by hydrochloric acid. The carboxylic acid gives no coloration 
with an alcoholic solution of ferric chloride. 

Found: N, 4.29. Calculated; N, 4.20 per cent, 
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Camphoroxalic acid and /?-chloroaniiine were ground together in equi- 
molecular proportion and the mixture heated slowly by means of an oil- 
bath. At 65-70° the material melts; water is evolved at about no° 
and the product then solidifies. It undoubtedly consists of the carboxylic 
acid, because it dissolves without difficulty, at the ordinary temperature, 
in an aqueous solution of sodium carbonate and it gives no coloration 
with an alcoholic solution of ferric chloride. As the heating is continued 
the material melts again at about 155° and evolves carbon dioxide. The 
temperature was maintained at 155-60° during 20 minutes, then al- 
lowed to fall to 110°, ligroin (b. p. 110-20°) was now poured onto the 
fused material and the mixture was shaken vigorously. Working in 
this manner, crystals were obtained immediately and weie not seriously 
contaminated with resinous material. The compound consisted of 

/C:CH 

p~chlorophenylcam phojormcncanunc , C 8 1I 14X | j , it is deposited 

x CONHC ft II 1 Cl 

from acetone, on the addition of ligroin, in white crystals, melting at 
1 94- 5°. Yield, 61 per cent, of the calculated quantity. The compound 
dissolves readily in acetone, ether, ethyl acetate, alcohol, or chloroform, 
but it is less soluble in ligroin. It gives no coloration with an alcoholic 
solution of ferric chloride and is not changed by boiling with an aqueous 
solution of potassium hydroxide, or of hydrochloric acid. The same 
amine may also be obtained by heating />-chlorophenylcamphoformene- 
aminecarboxylic acid (see above), until carbon dioxide ceases to be evolved. 

Found* N, 4 69 Calculated' N, 4 8^ per cent 
Dibenzylamine and ( amphora uilic \i id -Kquimolecular proportions 
of dibenzylamine and camphoroxalic acid were dissolved in benzene 
and heated during 15 minutes After remaining, at the ordinary tem- 
perature during 2 hours, the liquid deposits a white, crystallin pre- 
cipitate. It was washed with more benzene and dried and then melted 
at 135-6°. This melting point was lowered rather than raised by re- 
crystallizing the substance. The same compound is obtained by the 
use of 2 molecular proportions of dibenzylamine. The compound dis- 
solves readily in benzine, ethyl acetate, alcohol, acetone, ether, or chloro- 
form. When warmed with dilute hydrochloric acid the substance is 
resolved into camphoroxalic acid and dibenzylamine and a similar de- 
composition is produced by an aqueous solution of sodium carbonate, 
slowly at the ordinary temperature, more rapidly when heated. The 
dibenzylamine produced in this way was identified by means of its hydro- 
chloride. The analytical results given below show that the substance 
is formed by the direct addition of dibenzylamine to camphoroxalic acid, 
without the elimination of water. It gives a deep reddish purple colora- 
tion with an alcoholic solution of ferric chloride. These facts and the 
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reactions described below lead us to regard the substance as dibenzyl* 

y C :C(OH)CO 2 NH a (CH a C 0 H 5 ) a 
amine camphoroxalate , CgH l4 <^ I 

X CO 

Found: N, 3.34. Calculated: N, 3.32 per cent. 

The above dibenzylamine camphoroxalate was dissolved in benzene, 
aniline (2 mols.) added and the mixture heated at ioo°, during 
5 hours, in a sealed tube. After evaporation of the benzene, white crys- 
tals are deposited, they were washed with alcohol and, after being dried, 
melted at 185°. 

The compound dissolves very readily in benzene, more sparingly in alco- 
hol. When treated with an aqueous solution of sodium carbonate it is 
resolved into dibenzylamine and phenylcamphoformeneamineearboxylic 
acid (m, p. 172 0 ). The amine was identified by the preparation of its 
hydrochloride (m. p. 256°) and the acid by a mixed melting point de- 
termination. These results show that the compound in question (m. p, 
185°) is dibenzylamine phenylcamphoformeneaminecarboxylate , 

✓ C : CC 0 2 NH 2 (CH 2 C 6 H 5 ) 2 

CjHjX" I | . The quantity of substance at our 

x CONHC fl H 5 

disposal was insufficient for an analysis. 

A mixture of camphoroxalic acid and dibenzylamine, in <£juimolecular 
proportion, when heated, melts about 85°; it then becomes solid again 
and remelts about 125 0 . It was maintained at 135-40°, during 30 min- 
utes. On cooling crystals are formed, they were washed nvith ligroin, 
and recrystallized from acetone. The compound melts at 152 °; it is 
not changed by boiling with aqueous solutions of potassium hydroxide 
or of hydrochloric acid. Analysis shows that it is the dibenzylcampho- 

formeneamine, CgH^ | | , described by Bishop Tingle 

x CON(CH i C 6 H 5 ) a 

and Williams. 1 The yield is 75 per cent, of the calculated quantity. 
This substance is one of the most easily obtainable of its class and is well 
adapted for further study. The same amine is also formed by fusing 
either dibenzylamine camphoroxalate (see above), or a mixture of cam- 
phoroxalic acid (1 mol.) and dibenzylamine (2 mols.). 

m-Aminobenzoic Acid and Camphoroxalic Acid. — Equimolecular alco- 
holic solutions of these substances were mixed and boiled during 5 min- 
utes; after standing overnight a white solid separates, which is ultimately 
obtained in white crystals; melting at 136-7°; the melting point varies 
somewhat, according to the rapidity of the heating. The same com- 
pound is produced by the use of 2 molecular proportions of w-amino- 
benzoic acid. The substance consists of m-carboxyphenytcamphoformene* 
* Am, Chcm . 39, 117. 
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y C : CC 0 3 H 

aminecarboxylic acid , C 8 H 14 <f | | ; it dissolves readily in 

x C0NHC 6 H 4 C0 2 H 

alcohol, ethyl acetate, or water, forming, in each case, a yellow solution. 
Rapid cooling, or quick evaporation of its solution causes the acid to be 
deposited in a gummy condition, but if the deposition takes place slowly 
crystals arc produced. When dissolved in alcohol (95 per cent.) the 
acid gives no coloration with feriic chloride, but in water, or in 50 per 
cent, alcohol a portion of it is hydrolyzed to camphoroxalic acid, as is 
shown by its reaction with ferric chloride. A similar hydrolysis is pro- 
duced by an aqueous solution of sodium carbonate, in which the dicarb- 
oxylic acid dissolves and liberates carbon dioxide; when acidified this 
solution reprecipitates the dicarboxylic acid in an impure condition. 

Found N, 4 37 Calculated. N, 4.08 per cent. 

The above dicarboxylic acid e\ olves carbon dioxide when heated at its 
melting point; the residue is deposited from benzene in long, yellow needles, 
melting at 116-7°. It dissohes completely in a cold, aqueous solution of 
sodium carbonate, is reprecipitated by dilute hydrochloric acid and gives 
no coloration with an alcoholic solution of ferric chloride. These proper- 
ties indicate that the compound is m-caibox'\phenylcampho}ormeneam'ine , 
y C : CH 

I I 

x CONHCgl^COjH 

Benzidine and Camphoroxalic Acid. — W T hen equimolecular benzene 
solutions of these substances are mixed and warmed for a short time, 
yellow crystals are soon deposited. After recrystallization, the com- 
pound melts at about 208°, depending somewhat on the rapidity with 
which the temperature is raised. The substance is only slightly soluble 
in alcohol, or ethyl acetate, it gives no color with an alcoholic solution 
of ferric chloride and dissolves only slowly in a boiling aqueous solution 
of potassium hydroxide, or of sodium carbonate. After remaining over- 
night, these clear alkaline solutions deposit a slimy material. If this 
is removed and the liquid acidified with hydrochloric acid the original 
compound is reprecipitated. Boiling, concentrated hydrochloric acid 
slowly hydrolyzes the compound to its constituents. Analysis shows 
that the substance is either an inner ammonium salt f 
yC : C — CO a .NH s 

C,H 14 < III , or benzidylcamphoformeneaminecatboxylic acid, 
^ CONH.CjH 4 .C e H 4 
,C : CC0 3 H 

C.H 14 < || ; its behavior towards alkalies is, we think, 

x CONHC,H 4 C s H 4 NH J 
in better accord with the salt formula. 

Pound: N, 6.98. Calculated: N, 7.18 per cent. 
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The melting point (208°) which we observed for the above compound 
is 1 S° higher than that recorded by Bishop Tingle and Hoffman 1 for a 
substance which they obtained from benzidine and camphoroxalic acid, 
in alcoholic solution. A repetition of their work shows that the two« 
compounds are identical, except for the fact that ours is more nearly 
pure. A mixture of the two substances melts at the same temperature 
as either one alone. The difference in the melting point is due partly 
to this greater degree of purity and partly to the rather large variation 
w 7 hich is produced in the meltitig, or more accurately, the decomposing 
point, by a difference in the rate at which the temperature is caused to 
rise. That some of the compounds of this series are extremely sensitive 
in this respect has been pointed out previously by Bishop Tingle and 
Robinson. 2 

✓ C : CH 

Ben zidyl ca mbh o j o?w c n ea m in e , CoH«.\ I I , is formed 

^conhqh.qii.nh, 

by direct fusion of the preceding compound, but is best prepared by 
grinding a quantity of it with 5 parts of nitrobenzene, the mixture being 
then slowdy heated on an oil bath. At about 135 0 a clear red solution is 
obtained; at 150° water and carbon dioxide are evolved. The tem- 
perature was maintained at 150-5 0 during 15 minutes an (f the solution 
then filtered and allowed to cool. The crystals which separated w'ere 
collected, washed with benzene by means of a centrifuge and, finally, 
they were boiled with alcoholic potassium hydroxide '"The purified 
material melts at 31 7-8°, it is not attacked by boiling with concentrated 
aqueous solutions of potassium hydroxide, or of hydrochloric acid. The 
analytical results given below and the method by which the compound 
is formed can leave no doubt as to its nature, but concordant data could 
not be obtained for its nitrogen content; the gas is evolved very slowly 
during the course of the combustion and some of it is evidently occluded 
in the filling material ol the combustion tube. See K. Holdermann and 
R. Scholl. 3 

Found* C, 7900; H, 7,79 Calculated' C, 79 77; H, 7.54. 

Laviphylaminc and Camphoroxalic Acid . -A well-marked evolution of 
heat takes place w'hen these substances are mixed, in benzene solution; 
the residue, obtained after evaporating the solvent, is evidently a con- 
densation product, because it fails to give any coloration with an alco- 
holic solution of ferric chloride, but w r e were unable to obtain the sub- 
stance in a crystallin condition. When camphoroxalic acid is heated 
at 1 50-5 °, with 2 molecular proportions of camphylamine, most of the 
product is also tarry, but a while, crystalline sublimate is obtained in 

• l Am. Chem . / , 34, 231, 250. 

2 Ibid., 36, 229 

3 Ber. t 43, 342 
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small quantity. It melts at 105 dissolves readily in alcohol and also 
in an aqueous solution of sodium carbonate, at the ordinary temperature. 
It gives no coloration with an alcoholic solution of ferric chloride. 

No definite compound could be isolated from the reaction products of 
/>-aminobenzaldehyde and camplioroxalic acid, at 125-30°. 

Some further experiments which have been made with acetylphenyl- 
liydrazine and camplioroxalic acid have failed to improve the yield of 
the condensation compound described by Bishop Tingle and Williams. 1 

Summary. 

(1) We have studied the action of bromine, of the chlorides of phos- 
phorus, of various oxidizing agents, of nitrous acid and of dimethyl sul- 
phate on certain of the condensation compounds of camphoroxalic acid 
and amines, in older to obtain further data in respect to their constitu- 
tion. 

(2) The results which we have obtained are in accord with the formula, 

,C:CR 

CgH 14 \ | | , (R - II or COJI ; R, and R„ = H, alkvl or aryl), which 

N CoNRjRn 

has been previously assigned to these condensation compounds by the 
senior author and his colleagues. 

(3) The interaction of llikweniicaibazine and camphoroxalic acid 
has been studied in older to compare the resulting compounds with those 
derived from semicarbazitie. The replacement of CO (semicarbazine) 
by CS (thiosemiearbazine) gieatlv reduces the tendency of the primary 
condensation compounds to form cyclic' derivatives. 

(4) A considerable number of new condensation compounds have been 
prepared from camphoroxalic acid and the following amines: 1,3,4-xyl- 
1 idifte , p-chloroanilmCi dibmzyhwutu m-am mobilize ic and , benzidine and 
cam phyla mine. Some of these new substances are well adapted for 
further study. No crystalline compound could be obtained from cam- 
phoroxalic acid and />-aminobenzaklehyde. 

The investigation will be continued in \ arious directions. 

McMastkr University, Toronto, Canada 


THE DEVIATION OF FERMENT ACTION FROM THE MONO- 
MOLECULAR LAW WITH ESPECIAL REFERENCE 
TO THE ESTERASES. 

By George Peirce. 

Received July 28, 1910. 

During the course of an investigation into the effect of the fluorides 
on the action of lipase, it became necessary* to study the kinetics* of the 
1 Am . Chem. J. t 39, 120. 
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lipolytic action. The results obtained were so unexpected that it seemed 
worth while to publish them separately. 

The reaction 

Ester Water 7^ Acid 4- Alcohol 

is in its most general form a reaction of the second order, since we have 
two substances changing their concentrations in each semi-reaction. 
As usually studied, the water is present in large excess and may there- 
fore be regarded as constant. 

The semi-reaction 

Ester 4- Water 

should then be written 

Ester 4- Water (in excess) — ► 
and the whole reaction takes the form 
Ester 4* Water (in excess) 7^ Acid 4- Alcohol -I- Water (in excess) . 
Thus on the left side we have only one substance, the ester, changing 
its concentration, while on the right side we have two, the acid and the 
alcohol. Under these conditions, the reaction from left to right is better 
studied as a reaction of the first order. For such reactions we expect 
the following equation to hold : 


Here k is a constant, a is the amount of ester present at the beginning of 
the reaction and x the amount of ester split up during the* time t . In 
the following experiments a and x are measured in terms of 0.05 N NaOH. 

The reaction from right to left has been studied qualitatively in sev- 
eral researches but so far as I know Bodenstein and Dietz 1 have been 
the only ones to investigate its kinetics. We will consider, therefore, 
in this discussion only the reaction from left to right or the hydrolytic 
reaction. 

The researches fall into two divisions, reactions in homogeneous and 
reactions in heterogeneous solutions. We will consider briefly exam- 
ples of each class and take up first the reaction in homogeneous solutions. 

Kastle and LoevenharU and later Kastle, Johnston and Elvove, 8 using 
a clear liver extract and ethyl butyrate found that when an attempt 
was made to calculate their results according to the first-order equation 
k = i/t log [a/ (a — x)\ k fell off steadily from the beginning to the end 
of the reaction. They attributed this fact to the inhibiting influence 
of the acid on the enzyme. Towards the end of Kastle Johnston and 
Elvove’s paper, however, occurs a series of experiments where the fune- 

1 Bodenstein and Dietz, Z. Elekirochem., 12, 605 (1906); Dietz, Z, physiol . Chem. f 

52, 279 (1907)* 

2 Kastle and Loevenhart, Am. Chem. 24, 491 (1900). 

* Kastle, Johnston and Elvove, Ibid., 31, 521 (1904). 
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tion falls off only very slightly. In this series, moreover, the value of 
k t though nearly constant for any given concentration of ethyl butyrate, 
is, roughly speaking, inversely proportional to the initial concentration 
of the esterase, when this is varied. Thus though the monomolecular 
law is closely followed in one concentration of zymolyte, the reaction 
taken as a whole is at total variance with the law. 

Euler 1 also obtained a constant value for k> using a clear esterase pre- 
pared from pig's adipose tissue and ethyl butyrate. As he gives only 
one experiment and did not vary the concentration of the butyrate, 
it is impossible to say that the monomolecular law is obeyed. 

Turning now to the reaction in heterogeneous solution, we will con- 
sider first the lipase from the castor oil bean ( Riunu s communis ). Arm- 
strong and Ormerod 2 have shown that a slightly acid medium is necessary 
for the action of this enzyme, but that variations of 2 sou per cent, in 
added acetic acid and of 500 per cent, in added citric acid make prac- 
tically no difference in its hydrolysis of castor oil. Although this lipase 
has unfortunately been obtained only in insoluble form it should on ac- 
count of its behavior towards acids be of great value for kinetic work. 
Animal lipases act best in a nearly neutral medium and apparently do 
not act on such a wide variety of esters as the ricinus lipase. The nature 
of the two lipases therefore may be fundamentally different. A. E. 
Taylor 3 in his work on this ferment found that in one instance it showed 
complete agreement with the monomolecular law. Working under 
rather difficult experimental conditions, he found that the values of k 
agreed very closely when triacetin was used as zymolyte. The extreme 
variation in each series was about 25 per cent., but for three different 
concentrations of ester, 0.5 per cent., 1 per cent, and 2 per cent., the mean 
values of k agreed very closely. When, however, he used ethyl acetate 
he found that k was about twice as great in the 2 per cent, as in the 1 
per cent, solution. The result with triacetin is, of course, of the greatest 
importance. The result with ethyl acetate is practically unique, as in 
all other cases of enzyme action that are comparable with this k is greater 
in the weaker concentrations of the zymolyte. I cannot, however, pre- 
tend to have consulted more than a small part of the literature. ^ 
Very interesting and significant results have also been obtained by 
Bodenstein and Dietz, 4 using a turbid pancreatic extract and amyl butyrate 
They followed the reaction in both directions and obtained good agree- 
ment with the mono- and W-molecular laws as long as they did not vary 

1 Euler, Beitr. Chem. Physiol. ( Hofmeisier ), 7, 1 (1905). Experiment referred to 
is cm pages 13 and 14. , 

* Armstrong and Ormerod, Proc. Royal. Soc. t 78, 376 (1906). 

* Taylor, J . Biol. Chcm. t 2, 87 (1905). 

4 Bodenstein and Dietz, Z. Elcktiochem ., 12, 605 (1906), Dietz, Z. physiol. Chem., 

9 *» *79 (1907)- 
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the initial concentration of their zymolyte. When this was varied, 
however, they, too, found that k likewise varied in inverse proportion. 

A great variety of other results have been obtained but the few re- 
searches given above are typical of the more careful work done during 
the past ten years. The investigators who consider that they have con- 
firmed Schiitz’s rule (to be considered in the next paragraph) have for 
the most part worked with heterogeneous systems of at least three phases. 
This makes their work extremely difficult to interpret. It is noteworthy 
that practically everyone who has worked with the simpler solutions 
considers that Sclnitz’s rule is, in the case of lipase at least, untenable, 
and that the amount of enzyme action is proportional to the mass of the 
enzyme. These results are scattered through the literature but some 
experimental evidence for the statement will be given later. 

It may not be out of place in this connection to consider Schulz’s 
rule. It may be given as follours: With a given reaction volume and 
a given initial concentration of zymolyte the amount of reaction products 
are proportional to the product of the square root of the efizyme mass 
and the square root of the time. Expressed in a formula this may be 
written x = k \/Et where x — the amount of reaction products, k « a 
constant for the stated volume and zymolyte concent ration, E == the 
enzyme mass and t = the time. 

Generally speaking, we cannot consider it improbable that the zymo- 
lyte and its reaction products will influence the activity ofc the enzyme 
and will do so differently in their different concentrations. Therefore 
it is better to compare the strength of the enzyme in two different solu- 
tions by the time taken to attain to a given stage of the reaction. In 
this way we shall eliminate as far as possible the different activity of the 
enzyme in different conditions of the medium. Working on this prin- 
ciple we can measure the activity of the enzyme by the reciprocal of 
the time taken to produce a given quantity of reaction products. (The 
reaction volume and initial zymolyte concentration are, of course, sup- 
posed to be constant.) For instance, if in one reaction mixture it takes 
twice as long to produce a given amount of acid as in another reaction 
mixture, we may say that the first reaction mixture has twice the en- 
zymic activity of the second. We may formulate this by saying that 
Enzymic activity = k/t or Enzymic activity X / = where k is a con- 
stant for given initial conditions (with exception of enzymic mass) and 
given amount of reaction products. This is a general rule in the nature 
of a definition, and therefore independent of all experimental evidence. 

If, however, in addition, we find that the enzymic activity as deter- 
mined in this way is proportional to the enzymic mass, we will have a 
most valuable experimental rule. We may formulate it Et » k t where 
E * the enzyme mass (an experimentally given quantity). As we have 
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stated, this rule is of the greatest empirical value besides having abundant 
theoretical justification. Schutz’s rule, on the other hand, requires a 
rather elaborate theoretical calculation t <5 justify its existence and as 
the experimental work becomes more carefully planned is seen to have 
less and less empirical value. 

Thus as a summary of the above researches we may say that the lipo- 
lytic reaction has frequently been shown to follow the monomolecular 
law so long as only one initial concentration of zymolyte was employed. 
In only one case (triace tin and ricinus lipase) was k shown to be the same 
with different concentrations of zymolyte. In another case k and the 
initial concentration of the zymolyte were directly proportional to each 
other. In all other cases k was larger in the weaker zymolyte concen- 
trations, in some cases being inversely proportional to the concentration. 
The amount of enzymic action as measured by the reciprocal of the time 
to attain a given stage of the reaction was proportional to the mass of 
enzyme present. 

In my investigation I have used a carefully dried and tw r ice redistilled 
ethyl butyrate and the lipase prepared from pig’s liver. The enzyme 
solution was prepared as follows: Small pieces of freshly killed pig's 
liver were dissected free from vessels and connective tissue and rinsed 
off with distilled water. These pieces w r ere then ground with sand and 
water and strained through cloth. The extract obtained from 50 cc. 
of liver was made up to 500 cc. and the resulting solution called “10 
per cent.” extract. After several days’ standing under toluene at room 
temperature this w r as filtered through paper and a clear, highly refractive, 
deep straw-colored liquid obtained. It was again filtered after two and 
again after nine months. The filtrate w r as now’ much lighter than formerly, 
though still quite active, and w r as much more suitable for use with indi- 
cators. A small portion of this solution was mixed with 500 cc. of an 
ethyl butyrate solution previously warmed to 37 0 and the mixture kept 
at this temperature The time of the beginning of the reaction (which 
was not more than 3 seconds in error) was taken as the time when one- 
half of the enzyme had flowed into the ethyl butyrate solution from a 
pipette. At suitable intervals 50 ec. of this solution was removed with 
a pipette, allowed to flow onto snow r in a beaker and immediately titrated 
with 0.05 N NaOH free from carbonate, phenolphthalein being used as 
an indicator. The time of completion of the reaction was taken when 
one-half of the solution had gone onto the snow'. The error in the meas- 
urement of t was probably not more than 6 seconds and the error in the 
measurement of x not more than 0,10 cc. though generally less than 0.5 
cc. In all cases the acidity of the extract used has been deducted from 
the observed figures, so that the figures given are all corrected ones. For 
each 50 cc. of reaction mixture the initial acidity was 0.82 cc* 0.05 N 
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NaOH in the 0*476 per cent, solution, 0.34 cc. in the 0.196 per cent* 
solution and 0.17 cc. in the 0.099 P er cent. solution. 

The largest error is undoubtedly the temperature error. The tem- 
perature of the bath was within o.i° of 37 0 during practically the entire 
reaction, but occasionally varied 0.2--0.4 0 for a few minutes. As the 
temperature coefficient of the reaction is about to per cent, for each degree, 
this introduces a slight factor of uncertainty, but it was not possible 
under my limitations of time to secure a better regulation, nor would 
the results to have been attained have warranted it. All experiments 
were done in duplicate, except the experiment in the 4th column in Table 
VII. As it differs slightly from the others, however, I did not feel 
justified in excluding it absolutely. 

After considerable preliminary work in perfecting the technique, my 
first experiment showed that the reaction velocity fell off gradually from 
the beginning of the reaction. 

Tabus 1. 

Enzyme 0476%’ a > 4277. 


x in cc. 0 05 N NaOH. 

t in min 

1 It log 1 al(a *— 

8.78 

«.»3 

0.004371 

8.71 

22.83 

8 

d 

»3 76 

41 .OO 

o.odfjua 

>3 13 

40-33 

0 003940 

I7.6l 

61.67 

0.003736 

17.70 

62.33 

0 003722 

22.56 

91.50 

0.003558 

22.56 

93-33 

0 003488 

26.11 

121 .00 

0.003383 

25 88 

121.33 

0.003326 

3i*37 

186.33 

0.003082 

3*-53 

187 .08 

0.003102 

34.03 

235-17 

0.002932 

34 01 

234 50 

0.002937 

36. «3 

320 . 25 

0.002632 

36.88 

321 33 

0.002680 

37 84 

367.25 

0.002555 

37.68 

366 58 

0.002522 

39-54 

487.5 

0.002301 

39-43 

488.0 

0.002269 


This falling off was supposed to be due to the accumulation of acid 
in the system, in accordance with the explanation proposed by Kastle, 
Johnston and Elvove. To test this hypothesis further, I used a much 
more dilute solution of enzyme (0.099 per cent.), so that the reaction 
,|^ld be better followed, and also used six different strengths of zymo- 

1 95 cc* “10 per cent.” liver extract 500 cc. ethyl butyrate solution. 
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Table II. 




Knzyinc 

0 QQ 9 %. 




a - 43 S * 


a - 32 56 

X. 

«. 

/// log \alla — *)] 

X. 

1. 

lit log fa/(a — *)]. 

I .07 

9 63 

0 . 001 r 23 

I .02 

9*7 

O QOI507 

1. 14 

IO 03 

0 00 t 1 50 

I .OO 

8.75 

O OOI548 

* 95 

18.88 

0.001055 

1.94 

19 12 

O.OOI395 

2 .00 

19 95 

0 .<X )1024 

2 .05 

19.85 

O.OOI423 

2.81 

30 00 

0 000966 

2 94 

30.62 

O.OOI342 

2.94 

31-33 

0 . 000969 




3 9 * 

44-83 

0 000912 

3.80 

42.53 

O.OOI267 

3 - 97 

45-<>5 

0 000922 

3 98 

45-27 

O.OO1251 

4.86 

59 13 

0 000870 

5 23 

62-95 

0.001208 

4 96 

59-42 

0 000884 

5-20 

6243 

O 0012 IO 

6.15 

78 47 

0 000843 

6 jO 

77 23 

O.OOII79 

6.35 

79 90 

0 000857 

6.26 

78-47 

0.001182 

7 *7 

96 .00 

0.000814 

7 .08 

91 . to 

O.OOII69 

7 - 3 2 

</> 70 

0 000827 

7.07 

91.25 

O.OOII65 

7-97 

no ex) 

0 cxx i >798 

7.96 

106.03 

O.OOII48 

8. 11 

no 75 

0 cxx>8o8 

8.12 

108.40 

O.OOII49 

8 94 

127 88 

0 000781 

9 04 

124 .62 

O.OOII33 

9 22 

130 58 

0 000792 

9-05 

124 60 

O.OOII35 

9 97 

148 30 

0 000762 

9-93 

141 62 

O.OOIII6 

10 16 

M 9 ■ 1 7 

0 000774 

9 97 

142 63 

O.OOIII 3 


a 2 1 

40 


a ^ xo 62 

X. 

t 

1,7 lofc ,'o/Oj — X )]. 

X 

t. 

1 U log [al(a — x)]. 

1 . 26 

II 45 

O 002301 

1 06 

977 

O 004675 

1.21 

10 8;: 

O 002335 

I 03 

9 45 

O . 004689 

2 21 

2 * 75 

O 002 I 76 

2 oi 

20.20 

O.OO451I 

2.26 

22 07 

O OO2196 

2 04 

20 08 

O 004614 

3 *9 

33 37 

O 002 IOI 

3.22 

34-42 

O.OO4558 

3 - 2 5 

33 73 

O 0021 21 

3 *2 

33-58 

O OO4497 

4.04 

43.62 

O 002082 

4 18 

47-17 

O 004577 

4.01 

43 53 

O 002070 

4.18 

4758 

O.OO4538 

4-94 

55-75 

O 002045 

5-23 

61.33 

O 004802 

4 98 

56 07 

O OO205I 

5 .00 

60.37 

O.OO4578 

6 .02 

70 47 

0.002035 

5-96 

74-75 

O 004785 

6 02 

70 05 

O 002030 

5-99 

75-95 

O.OO4747 

7 .03 

85 93 

0 0020 j 9 

6.92 

93.80 

O 004882 

7.16 

87 57 

O 002020 * 

6.92 

9483 

O.OO4829 

8-13 

103.62 

0.002002 

7 93 

** 9-33 

O.OO4997 

8.09 

102.87 

O 002004 

7 97 

121-33 

O.OO4969 

9.10 

121 00 

O.OOI988 

8.78 

* 5*-59 

O.OO5025 

9.20 

121 .75 

O . 002004 

8.74 

153.25 

O.OO4906 

10. 11 

140,58 

O.OOI 975 

9.68 

212.50 

O.OO4955 

10.19 

140.12 

0.002004 

9-74 

216.45 

O.OO4998 
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Table II ( Continued ). 

Enzyme - 0 oq^. 


a - 5 66 



a - 2 74 . 


X. 

t 

lit log [al(a — *)] 

X. 

/. 

ill log |o/(a — *)]. 

0.62 

5-72 

O .00881 

O.64 

5.65 

0.0205 

0 59 

5-73 

0.00834 

0.60 

5 38 

O 0200 

1.32 

14.47 

O 00797 

I IO 

13-LS 

0.0170 

1 3 i 

14.42 

O 00793 

I .02 

ii 97 

0.0169 

1.87 

21.68 

0 00804 

I .70 

21 .07 

0.0200 

1 .89 

2J. 8,} 

0 00809 

i 66 

21.98 

O.OI84 

2 .46 

30 °5 

O 00824 

2 06 

3 I -23 

0 0194 

2.44 

30 08 

0 00814 

2.14 

32 88 

0.0201 

3 24A 

43 05 

0 00857 

2.41 

47.90 

O.OI92 

3 -47 A 

47 12 

0 00875 

2.44 

52 . 88 

O 0182 

3.87 

55 «8 

O 00895 

2 57 

77.32 

O OI56 

3-88 

56 75 

O 00885 

2-53 

78 05 

O OI43 

4-31 

67-35 

O 00924 




4-30 

67.67 

O 00915 




4.70 

81 -75 

O 00943 




4 76 

83 43 

0 00957 




5 °3 

99 80 

0.00954 




5 04 

IOT 17 

0 00949 




5 26B 

134 « 

O 00854 




5 • 38B 

156 5 

0 . 00834 





The two observations marked A were taken from the fiust reaction 
mixture and those marked B from the second. 


Table lla. 

Values of hi log [a/(o — \ )| for difirrent value*- ot a. 
Knzyme ^00001 


X. 

a - 43 53 

a 32.36 

a 21 4 <j 

a 1 0 62 

a 5 6f> 

a 2 74 

I OO 

O OOI 149 

O OOI529 

O OO2350 

0 . 004688 

O.OO795* 

O OOJ7O* 

2 OO. . 

. . O.OOIO38 

O OOI409 

O 002211 

0 004565 

O 00810 

O.OOI98* 

3 00. . 

.. . 0.000960 

0. OO 1337 

O 002125 

0 .004528* 

O 00843 


4.00 

... O OOO914 

O.OOJ253 

O 002077 

0.004543 

O 00896 


5 00 

. . 0.000874 

O.OOI2I7 

0.002047 

0 004683 

O OO952* 


6.00. . 


O OO I I 0 I 

O 002033 

O OO4768 



7.00 . 

... O OOO828 

O.OOH69 

O 003021 

O 004865 



8.00 

O 000804 

0 001 150 

O 002004 

O 004983* 



9 00 . 

.. . O.OOO788 

0 . 007 135 

O OOI997 

O OO4966 



10.00. 

O OOO769 

0 001 i 14 

0.001991' 

O.OO4977 




These figures are obtained by interpolation and occasional extrapola- 
tion from Table II. The function changes slowly for any given series 
and the calculation therefore is generally not difficult. Whenever the 
^served figures show a maximum or minimum I have used that maxi- 
mum or minimum value for the nearest corresponding value of x, as it 
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would probably lie nearer the true value than a figure obtained by inter- 
polation. The six cases where this occurs are marked in the table by 
an asterisk (*). 

I naturally expected that would be the same in each concentra- 
tion or very nearly so and that it would show a falling off from the be- 
ginning to the end of the reaction. Instead of this it was, roughly speak- 
ing, inversely proportional to the concentration of the ester. 1 Further, 
the function 1 It log [a /(a - x) ], though falling off markedly in the two 
stronger solutions, fell off only slightly in the “a = 21.40” solution, 
and even increased in the other three. 

If we tabulate the time taken to split a definite amount of ethyl butyrate, 
the apparent law becomes clearly evident. We find that this time is 
practically independent of the concentration of the butyrate itself, whereas 
by the mass law it liould bear an inverse relation to it. The time taken 
to split up a given amount of ethyl butyrate first shows perceptible in- 
crease when the concentration of the ester falls below NI200 (i. e ., 5.00 
cc. of 0.05 N NaOIl per 50 ec.). These times are given in Table III. 
The figures are obtained by calculating backward from the values of 
i/i log | rz / (a 01 given in Table Ila. 


Table III. 

Tijne in minutes to produce ,v cc. of acid. 




K »7\ n.e — <•< 

> 9 <j# 




X 

. n is *0 

a - • >6 

1 ’l 4 " 

J to tu 

a - 5 66 

a - 2 74 - 

0 60 . 





5 66 

5 2 9 

I 00 

8 78 

8 85 

8 84 

9 16 

10 62 

1 1 .61 

1 5 ° 





16 82 

18.42 

2 00 

IQ 

19 54 

19 27 

20 07 

23 37 

28.72 

2 43 - 





29.78 

50.61 

3 . 00 

32.30 

3 i 40 

30 87 

31 .82 

38 9 ° 


4 00. . 

45 80 

45 43 

43 29 

45 17 

59 45 


5 00. 

60 83 

59 49 

56.46 

59 02 

98 0 


6.00. 

- 75 2 5 

74 27 

70 29 

75 78 

*33 0 


7 00 

. . 91 96 

89 9 2 

85 13 

96 08 



8 00 

... . 109 69 

106 48 

TOl 45 

1 21 98 



9 .00 

. 127 65 

123 79 

1 18 67 

164 44 



10 00 . 

. . . . - 147 41 

M 3 03 

137 37 

249 49 



The 

table is divided into 

three part 

s by two broken lines. 

To the 


left of the heavy line where the ester concentrations is above jV/200, 
the figures on each horizontal line are nearly the same (7. within 8 
per cent, of each other). To the right of the dotted line they are con- 

1 This statement is true only for the values corresponding to x — i 00 but any- 
one who cares to do so can see that it is also nearly true for other values of x, if the 
expression 

- log — — 

^2 U a . x z 

is used. Table III can be used as a basis for this calculation. 
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siderably larger. Between the heavy and the dotted lines they are only 
slightly larger (10-15 per cent.) than the figures to the left of the heavy 
line. 

It will be noticed that it took longer to produce 10 cc. of acid in the 
a — 43.53 solution than in the a = 32.56 or a = 2 1 .40 solutions. Whether 
much importance should be attributed to this fact I cannot say. It 
seems to be a greater difference than can be accounted for by experi- 
mental errors. 

The facts brought out in Table III can be shown even more plainly 
if instead of the time taken to produce x cc. of acid we tabulate the time 
taken to produce 1 cc. of acid at different stages of the reaction. Thus 
the time taken to produce the first cc. of acid in the three stronger solu- 
tions is 8.78, 8.85 and 8.84 minutes, respectively, while the time taken 
to produce the second cc, is 10.90, 10.69 and 10.43 minutes. 

Table IV. 

Time in minutes to produce 1 cc. of acid in different acid concentrations. 

Knzyine -- o oyi, per cent. 


Con. entration * — — 

of acid a~ 4^50 a - a ? 140 o 1062 a ^5. <->6 a - 2.74 

x «* 0.00-1 .00. . . .8.78 8.85 8.84 9.16 1062 11 64 

X *» I .00-2 .00 IOQO 10.69 1043 10 91 12.75 17. II 

x «=* 2 .00-3 .00 12.62 11.86 11.60 n.75 53 • .... 

x » 3 00-4 00 13.50 14 03 12.39 13 35 *0 55 

#=*4.00-5.00.. . . 14.83 14 06 13.20 *3 85 38 55 

#=*5.00-6.00 14 61 14 78 13 83 16.76 

#*=6.00-7.00 16.71* 15.65 14 84* 20.30 ^ 

#*=7.00-8.00 17 73 16.56 1632 25.90 

# *= 8.00-9 OO 17 96 17 31 17.22 ; 42 76 

# = 9.00-10.00 19 76 19.24 18.70 85 05 


* These two asterisks note the largest deviation to the left of the heavy line. 

Here we notice the important fact that the time taken to produce 
1 cc. of acid depends mainly on the reaction of the medium and very 
little on the concentration of the ethyl butyrate. That is, as long as 
the concentration of the ester is above Nj 200 it takes practically the same 
time to produce 1 cc. of acid in a mixture of given acidity. Although 
above this limit the concentration of the ester makes very little differ- 
ence, yet when it falls below this limit the time taken to produce 1 cc. 
of acid increases rapidly. This is seen very well by comparing the 3rd 
and 4th series in the above table. In contrast to this comparative inde- 
pendence of the ester concentrations, the reaction of the medium is of 
the greatest importance. For instance, in the three stronger solutions 
it takes about twice as long to produce the ninth cc. of acid as the first 
cc. In the a = 21.40 solution the ester concentration has by this time 
fallen to about five-eights its original value. It therefore makes little 
difference in this one case whether we attribute this increase in time to 
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the diminished ester concentration or the increased acidity. In the 
two stronger solutions, however, the ester concentration has fallen only 
to 3 / 4 and 4 /r °f its initial value and we should therefore expect it to take 
only Vj, and 8 / 4 as long to produce the ninth cc. of acid as the first. In- 
stead we find that in these two solutions, as well, the time is approxi- 
mately doubled. If we assume that the reaction would have followed 
the monotnolecular law, but that the activity of the enzyme is decreased 
by the acidity of the solution, we see from Table Ila that it is diminished 
in different amounts in these three solutions, and is actually increased 
in the a ~ 10.62 solution. 

We see, therefore, from this series of experiments, that on its face, 
at least, the reaction does not follow the monomolecular law. Even 
when only one reaction at a time is considered, the explanation required 
is complicated, while when the six series are considered together the diffi- 
culties become almost insuperable. The amount of material reacting 
per instant is not proportional to the amount of material present at that 
instant, even when due allowance is made for acidity. On the other 
hand, provided only that the acidity is the same in the two solutions to be 
compared, the amount of ester reacting per instant is practically independ- 
ent of the ester concentration over considerable wide limits (N /23-iV /200). 

We may indeed well question whether the constancy of the function 
1 jt log [a ‘ (a - - r ' ] for the two series a = 10.62 and a ~ 2 1 .40 is not purely 
accidental. 

The question then arises: how are we to explain this apparent devia- 
tion from the mass law? The answer is, I think, very simple. We may 
assume that the action takes place in two stages with the formation 
of an intermediate compound. The first stage is a reaction between the 
enzyme and the zymolyte (here the ethyl butyrate) with the formation of 
this hypothetical intermediate compound ; the second stage is the splitting 
up of this ntermediate substance into free enzyme, alcohol and acid. At 
wha stage of the reaction the water enters into this series of changes 
is not important for the following discussion, but we can represent the 
possibilities in two ways. 

In the first equation the water does not enter into the formation of 
the intermediate compound, while it does in the second equation. 

Ester + Enzyme 4 - Water 7 "^ (f* t " mc ) 4* Water 7 ^ 

Alcohol 4- Acid 4- Enzyme 
or 

Ester 4- Enzyme 4- Water 7 ^ (4^5“*) Alcohol + Acid 4- Enzyme. 

By the mass law, the amount of acid production (which is what we 
measure) would be proportional to the concentration of this intermediate 
compound. If then our reaction constants bear such a proportion to each 
other that in ester concentrations from iV/23 to Nf 200 most of the en- 
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zyme is held in such a compound, we can easily see that the amount of 
hydrolysis would be practically independent of our ester concentration. 

With a little further consideration we can even make an approximate 
calculation of the percentage of enzyme present in the free and com- 
bined states. In the first place the amount of enzyme is so small that 
the total quantity present must react several times per second, and 
hence the system can never be very far from equilibrium so far as the 
enzyme itself is concerned. This being so, we have : 

(Concentration free enzyme) X (Concentration ester) n ~ 

k\ (Cone, intermediate compound)* 
where m , n and p represent the number of molecules of the substances 
entering into the reaction. 

We have, however, absolutely no data for assigning values to m, n 
and p and hence can simplify the equation by making them equal to i, 
that is by assuming that one molecule of enzyme reacts with one mole- 
cule of ester to form one molecule of the intermediate compound. 

We have then: 

Cone, free enzyme X Cone, ester = k x Cone. int. compel. (i) 
and since the amount of acid produced per instant (or per small unit 
of time 1 ) is proportional to the concentration of our intermediate com- 
pound we have : # 

k 2 Cone. int. compd. = acid p oduced per minute * (2) 

from which we can obtain by division a third equation: 

Cone, free enz. X Cone, ester - kjk\ acid produced per minute. (3) 

Using these equations as a basis for calculation 1 obtained the figures 
in the following table (Table V). The mean amount of ester present 
during the production of the first ec. of acid is the acid equivalent of 
the ester present at the beginning of the reaction minus 0.5 cc The 
rate of acid production is also a mean value, being merely the reciprocal 
of the time taken to produce the first cc. of acid. 

Table V 




En/yme -- 

0 009$. 



‘a -- 43-bS- 

a - 32 & 

<1 - 21 40 

a -- xo 62. 

a - 5 6*'> 

a 2.74. 

Mean concentration of ester dur- 

ing production of 1st cc. of acid . 43 0 


20.9 

IO I 

5*16 

2 .24 

Minutes taken to produce 1 cc. of 

acid 8 78 

8.85 

8.84 

9.16 

IO 62 

u .61 

cc. of add produced per minute. . 0 . 1 14 
Free enzyme (per cent, of total 

0.113 

O.II 3 

O. 109 

O.O94 

0.086 

enzyme) 17 

2-3 

3*7 

7 

12 

25 

Combined enzyme (per cent, of 

total enzyme) 98.3 

97*7 

96.3 

93 

88 

75 


1 To avoid the difficulties of the differential notation, I have generally used a 
small but finite time and quantity unit (1 minute and i cc.). The error is, 1 think, very 
small. 



MONOMOLBCTJLAR LAW. 


1529 


The figures in the last two lines are obtained by successive approxima- 
tions and it would not be of especial interest to give these at length. 
Instead I give a table which shows that they coincide very nearly with 
the observations. 

Table VI. 

Enzyme - o 099*. 


Acid pioduced per minute 

£ free enzyme \ mean amt of ester 
Acid produced pet minute 
Per cent, combined enzyme 


a * 43 53 a - 12.56. a — 21 40. a = 10.62 a -- 5.66 
o 0153 o 0153 o 0150 o 0154 0.0152 

o 0116 o 0116 o 0118 0.0117 o 0107 


O - 2 74. 
o 0154 

0.0115 


The agreement is thus seen to be very good except in the series a = 5.66. 
It was in this series that the calculation of the time taken to produce 
i cc. met with a little difficulty and here the discrepancy may be only 
an apparent one. 

1 wish to emphasize that the above calculation is to be regarded as 
purely hypothetical and only adopted for the purpose of giving a mechan- 
ism by which the reaction may be conformed to the mass law. The 
argument, of course, loses its validit} if we do not assume the presence 
of an intermediate compound, but merely because the results obtained 
by a highly hypothetical calculation correspond fairly closely with the 
observations, we must not therefore conclude that an intermediate com- 
pound is necessarily present. 

It is tacitly assumed in the above argument that the amount of enzyme 
action is proportional to the amount of enzyme present. This has been 
shown repeatedly, but it is so essential to my argument that I feel it 
necessary to give my own observations. We have seen that it is advis- 
able to measure the enzymic activity by the reciprocal of the time taken 
to produce a given amount of acid, and formulated this as K ~ k/t or 
Kt * k\ where K - the enzymic mass in a given volume or the enzymic 
concentration. 

The following table summarizes my results with three different strengths 
of enzyme and various ester concentrations. 


Table VII. 

Time in minutes to produce x cc. in acid. 

Enzyme Enzyme - o 196* Enzyme — 0.099*. 

S» 0 476*. 

x a *» 42.77. o u 40 a * 21 55- o ~ 31.86 t a * 10.62 a— 21.40. a — 32.56. a 43.53. 

2 10 01 8 92f 20.07 19 27 19-54 19.68 

4 22-41 »9-9t 45-17 43-26 45.43 45.80 

6 37-47* • ••• 3* -7t 75 78* 70 29 74*7 75 *5 

8 57.11* 46. 8f 121 98* iox.45 106.48 {09.69 

10 27.14 *>4 * 66.63 62. af 249.5* 137-37 I43-03 *47-41 

16 53- *7 141 8 

80 75-40 *95-* 


t Temperature was inconstant and experiment was not done in duplicate. 
* Concentration of ester is below N/aoo. 
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Table VII {Continued). 



Time in minutes to produce x cc. of acid X per cent, of enzyme. 

Enzyme Enzyme —0.196$. Rtizyme 0 099$. 


X. 

a — 42 77 - 

a — 1 1 40 

a - 31 55 a 3 1 86. 

a — 10.62, 

a — 21 40. 

a 32 56. 

a - 43 53 - 

2 . . . 


I .96 

1 - 75 t 

I.99 

I *91 

1-93 

1 -95 

4... 


439 

3 ' 9 °t 

4.48 

4.28 

4*50 

4-53 

6... 


7 34* 

M>t 

7.5O* 

6.96 

7.35 

7-45 

8... 


II . 2 * 

9 -i 7 t 

12 .1* 

IO. O 

10.5 

10 9 

10. . . 

... 12.9 

22. 3* 

I3. I 12. 2f 

24.7* 

13-6 

14.2 

14.6 

16. . . 

... 25.4 


27.8 . . . . 





20. . . 

35 9 


57 - 8 * 






t Temperature was inconstant and experiment was not done in duplicate. 
* Concentration of ester is below N/ 200. 


Leaving out of consideration the figures marked with an asterisk (*) 
and considering the figures marked with a dagger (f ) as only approximate, 
we see that Et is very nearly a constant for any given concentration of 
acid, although the enzyme is slightly more active in the 0.476 per cent, 
series. Practically every investigator who has done carefully planned 
work with lipase in one or two phase solutions has also concluded that 
the enzyme activity is proportional to the enzymic concentration. 

The main thesis of this paper is that the amount of zyrnolyte hydro- 
lyzed per instant is independent of the concentration of thf zyrnolyte 
over a considerable range. This has been shown to be true for irtvertase 
by A. Brown, 1 Hudson 2 and Taylor, 3 for diastase by Taylor 3 and for lipase 
by Kastle and Loevenliart* and by Kastle, Johnston and Elvo\;e. r> Brown 
also gave a partial explanation of the phenomenon somewhat similar to 
the one I have given. The peculiarities in the hydrolyses of the ester 
and cane sugar are due to the enzyme and not to the substances hydro- 
lyzed, since when acids are used as catalytic agents the progress of the 
action conforms absolutely to the mass law. This has been .shown by 
numerous investigators beginning with Wilhelmy® in the case of cane 
sugar in 1857. Ostwald, 7 among others, has investigated the kinetics 
of both actions very completely and Cohen* has shown that the cause 
of the apparent deviation of the acid inversion of cane sugar from the 
monomolecular law is due to the volume of the solution occupied by 
the sugar. Morse and his co-workers have shown that the osmotic press- 
ure of cane sugar is equal to the gas pressure of a gas occupying the vol- 

1 Brown, J. Chem. Soc., 81, 373 (1902). 

* Hudson, This Journal, 30, 1564 (1908). 

Taylor, J. Biol. Chem., 5, 405 (1909)* 

4 Kastle and Loevenhart, Am. Chem. J., 24, 491 (1900). 

* Kastle, Johnston and Elvove, Ibid., 31, 521 (1904)% 

* Wilhelmy, Pogg . Ann., 8x, 413 and 499 (1850). 

7 Ostwald, numerous articles in J. prakt. Chem. about the year 1885. 

* Cohen, Z. physik, Chem., 23, 442 (1897)* 
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ume of water present in the sugar solution under consideration. There- 
fore, if in the expression k — i/t log [a /(a — x) ], we make a and x propor- 
tional to the osmotic pressure, instead of to the concentration of the 
sugar, we will have a very close agreement of k in the different concen- 
trations. The osmotic pressure of the zymolyte cannot be invoked to 
explain the anomalies which I have noted in the above cases of enzyme 
action, as the variations of k are in the wrong direction. On the other 
hand the explanation which I have given or some modification of it, 
can be invoked to explain the anomalies of the action of invertase and 
diastase. 

It may be of interest in this connection to give the results of other 
investigators bearing on the above statements. 

(1) A. Brown. 1 

Invertase Acting on Cane Sugar. 


-tarns sugar per 100 cc 
f 40 02 

i 29 96 

A -1 19 91 

! 9 85 

{ 4 89 

Grams sugar inverted in 60 min 

I .076 

1-235 

1.335 

1-335 

1.230 

lit log [alia — x )]. 

I (2 0) 

(0.308) 

(0.OOI32) 

B. 10 

0.249 

0.00219 

I °-5 

0 129 

O 00239 

l 0.25 

0.060 

0.00228 


Apparently two different enzyme solutions were used. The mono- 
molecular law is followed only in dilute solutions. In the stronger solu- 
tions the absolute amount imerted in 60 min. is nearly independent 
of the sugar concentration. In the three most dilute solutions k is nearly 
the same but is much smaller in the 2 per cent, solution than in the 1 
per cent, solution. Though not calculated for the stronger solutions, 
it would, of course, be about inversely proportional to the concentra- 
tion of the sugar. 

(2) Hudson. 2 



Invertase Acting on Cane Sugar. 

Grams inverted in 30 minutes Grams inverted in 60 minutes 

Cane sugar per 100 cc. 

per xoocc, solution. 

per 100 cc solution. 

4-55 

333 

4 - 23 * 

9.09 

4.12 

6.74 

273 

3 06 

6.00 


(3) Kastle and Loevenhart. 4 

1 Brown, J . Chetn. Soc ., 81, 373 (1902), tables on 379 and 387. 

* Hudson, This Journal, 30, 1575 (table). 

8 The concentration of cane sugar was only 1.22 per cent, at the beginning of the 
second 30 minutes of the reaction. 

4 Kastle and Loevenhart, Am. Chem . 24, 514; cf. Kastle, Johnston and Elvove, 

Loc. cit 31, 546. 
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Lipase Acting on Ethyl Acetate. 

Grams ethyl acetate hydrolyzed in 

Grams ethyl acetate per 5 cc. 15 minutes per 5 cc. solution. 

0.05656 * O.OO3952 

O.04242 0.0x53861 

0.02828 o 0x53952 

0.01414 0.003403 

The agreement in the three stronger solutions is remarkable. 

(4) Taylor 1 gives interesting figures for invertase and diastase. He 
gives only the reaction constants. These multiplied by the per cent, 
of the zymolyte show close agreement in the stronger solutions. 


Invertase on Cane Sugar. Diastase on Maltose. 


Per cent, sugar. 

k X 

(k X io«) X 
per cent, sugar. 

Per cent, 
maltose 

k X' I0 6 . 

( k X io») X 
per cent, 
maltose. 

x 

.... 423 

212 

I 

• • 363 

363 

I 

3 2 ^ 

326 

2 

• * • 239 

478 

2 

167 

334 

3 

... 142 

426 


The enzyme action in these three cases is thus seen to differ markedly 
from the hydrolysis by acids. 

Conclusions. 

(1) In a solution of given volume and acidity the time taken to hy- 
drolyze a given amount of ethyl butyrate is inversely proportional to 
the concentration of the enzyme. Under similar conditions of acidity 
each particle of enzyme hydrolyzes the same absolute amount of ester 
per instant no matter what the concentration of enzyme. 

(2) With a given concentration of enzyme the time taken to hydro- 
lyze a given amount of ethyl butyrate is dependent on the acid concen- 
tration but independent of the ester concentration, provided this is above 
N/ 200. In other words for each concentration of acid a given amount 
of enzyme hydrolyzes very nearly the same amount of ethyl butyrate 
over a wide range of ester concentration. 

(3) This phenomenon can be conformed to the mass law by assuming 
that the enzyme and the ester form an intermediate compound, which 
in concentrations of the ester above N/200 contains most of the enzyme. 

(4) Assuming that the amount of this intermediate compound at any 
instant is proportional to the product of the concentration of the free en- 
zyme and the ester, we saw that the rate of acid production was pro- 
portional to this quantity. This hypothesis, therefore, is seen to be in 
perfect accordance with the mass law. 

(5) No explanation is offered as to the inhibiting effect of the acid. 

(6) The question is raised as to whether the constancy of the function 
i/t log [a/ (a — %)] in certain cases is not purely accidental. 

Pari sxs. Staassb, 38 HI. Berlin. 

^ 1 Taylor, J . Biol. Chem. t 5, 405 (1910). 



NOTE. 


J533 


NOTE. 

Extraction Apparatus . — For the extraction of a substance by means 
of a mixture of solvents (e. g., 50 per cent, alcohol), distillation and the 
use of a reflux condenser being inad- 
missible, I have devised a form of ap- 
paratus shown in the accompanying 
diagram. It consists of a glass tube 
4 X 12 cm. terminating at the bottom 
in an outside siphon tube y l f 2 cm. long, 
the upper bend of which has a short * 
open “ riser’' fitted with a short piece 
of rubber tubing. A support for the 
extraction cartridge may be made by 
cutting off a section about 3 cm. long 
from the open end of a wide test-tube 
and indenting its edges. 

This support having been inserted, 
the extraction cartridge with contents 
is introduced and then the mixed sol- 
vent. After standing a sufficient time, 
the solvent is drained off by clamping 
the rubber tube attached to the “riser.” 
closing the large tube with a stopper 
bearing an open glass tube, and foieing 
air through the latter. The laige tube 
having been drained, the solvent in 
the extraction cartridge is allowed to 
drain into the space below it and the 
siphon again started. In this way, all of the solvent can be removed 
before the second portion is introduced. 

Advantages . — (1) There is no stopcock (as in separatory funnels) 
which may leak or require contaminating grease under the penalty of 
possible sticking. (2) The siphon action, being under control, makes 
possible the complete draining of the apparatus between successive ex- 
tractions and also p resents the undesirable premature draining of the 
apparatus such as sometimes occurs when the siphon tube becomes filled 
with a broken column of liquid or when too much solvent is unintention- 
ally introduced and the siphon action thereby started. (3) The apparatus 
can be stoppered easily and evaporation, with subsequent variation in 
the proportion of the solvents, prevented. R. P. Noble. 




Indianapolis, Ind. 
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Leitfaden fttr den XJnterricht in der anorganischen Chemie didaktisch bearbeitet. Von 
Dr. Joachim Sperber. Dritler Teil. Zurich, Verlag von E. Spcidel, 1910. 
536 pages. 

The first part of this general treatise on inorganic chemistry appeared 
in 1899 and was reviewed by Prof. Henry Fay in This Journal, 22, 222. 
The second part appeared in 1901 and was reviewed by Prof. Fay in This 
Journal, 24, 197. The present volume bears the date 1910 and con- 
stitutes the third and final volume of the work. 

The first two volumes dealt primarily with the non-metals and general 
theories of chemistry. The third volume is essentially a discussion of 
the metals and their compounds. About forty pages at the beginning of 
the volume are devoted to the halogen and sulphur compounds of the 
non-metals and a few pages at the end to the periodic law and the au- 
thor’s theory of valence. The periodic classification is adhered to in the 
order of the discussion of the metals. The treatment is clear and com- 
prehensive and the volume is deserving the same general approv al as was 
given to the earlier volumes by Prof. Fay. In the “Schlussbcmerkung” 
the author states that because of the increased cost in publication some 
of the illustrations as well as table of contents had to be omitted. The 
omission of an index from such a publication needs no comment. 

William McPherson. 

Physical Chemistry for the Electrical Engineers. By J. Livingston R. Morgan. 
John Wiley & Sons, 1909. Second edition, revised. $1.50. 

It is becoming necessary to offer courses in electrochemistry electri- 
cal engineering students but a considerable knowledge of physical chem- 
istry is a necessary preliminary and as these students are generally lack- 
ing in this, Professor Morgan’s little book is a welcome supplementary text. 
The first six chapters (184 pages) are devoted to the properties of gases, solu- 
tions, chemical mechanics, equilibrium in electrolytes, etc. The author 
has followed Ostwald’s idea and avoided as much as possible the use of 
hypotheses and has succeeded in presenting these things concisely but 
still in an interesting way. Some have questioned the advisability of 
neglecting our ideas of atoms and molecules since the student is already 
familiar with this point of view from his beginning chemistry and will 
come across it in his future contact with things chemical. The objection 
has some weight; on the other hand the presentation is sufficiently differ- 
ent from what the student might have expected to arouse his interest 
and attention and this is essential, as otherwise little or nothing is thought 
out or retained. The essential principles of electrochemistry proper are 
briefly presented. A more frequent mention of the application of these 
principles to thihgs which are familiar to the electrical engineer would 
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add much to the book, particularly should some of the problems be from 
this standpoint. G. A. HulETT. 

Principles of Chemical Geology. By James Vincent Elsden. London and New York: 

Whittaker & Co., 1910. pp. vi+220, Cloth. 

The title of this book is somewhat misleading, for it is not a general 
treatise on chemical geology. It is really and professedly an attempt 
to apply the theory of equilibrium to geological problems, and there- 
fore it covers a well-defined but limited field. The specific questions to 
which modern physico-chemical ideas and principles are applicable are 
discussed with some detail in an elementary way, with abundant illus- 
trations of their applicability and a wealth of references to literature. 
Such themes as viscosity, diffusion, surface tension, vapor pressure, 
eutectics and solid solutions arc considered, and their bearing upon the 
magma and its solidification are clearly treated. The work of men like 
LeChatelier, Arrhenius, Docker, Vogt, Ostwald, van’t Hoff and Moroze- 
wicz is fully discussed, that of vanT Iloff upon the btassfurt salts being 
given considerable prominence. English and American workers are 
also extensively cited, showing that the author has gone quite thoroughly 
over the available literature. There are, here and there, minor errors 
in purely chemical and mineralogical matters, but they are so few that 
they do not lessen the \alue of the book to any serious extent. The 
volume will ceitainly be most helpful to many progressive geologists, 
for magmatic problems are coming more and more into the field of physical 
chemistry. What happens when molten rock .solidifies, or when a bed 
of rock salt or gypsum is deposited from solution? Questions like these 
must be handled by modern methods, and the philosophical geologist 
can no longer be content with the chemistry of thirty years ago. 

F. W. Clarke. 

Beitritge zu einer Kolloidchemie des Lebens. Yon Raphael Ed. Liesegang. Dresden: 

Verlag von Theodor SteinkopfT, 1909. 148 pp. Price, 4 mks. 

This is a collection of heterogeneous experiments dealing with the 
formation of precipitation membranes of various phosphates, silver 
chloride, copper ferrocyanide, etc., in gelatin, which are supposed to, 
and possibly do in some particulars, parallel the processes of formation 
of membranes, growth, partial permeability, and resorption, occurring 
in living cells. 

The experiments are not planned apparently writh any definite end in 
view nor is any explanation given of some of the results. An idea of the 
scope of the experiments, of which there are one to several included 
under each heading, may be obtained from a partial list of the chapter 
headings of Part 1, pp. 1-77. “Apparent membrane effects; the passage 
of circles of diffusion through each other; speed of diffusion; the apparent 
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attraction of diffusion circles; rhythmic after-diffusion; carbon dioxide 
development in gelatin; apposition and intersusception; the acid theory 
of osteomalacia; the growth of hollow bones; rachitis; calcium phosphate 
membranes; pressure effects; bone archetectonics; hydrogen peroxide 
and gelatin; researches on nucleic acid.” The second part of 78 pages 
contains more protocols with suggestions of their possible bearing on 
bone formation, muscle contraction, conduction, etc. 

It is sufficient to give a list of the chapter headings and the number 
of pages to show the necessarily superficial, incomplete and incodrdinate 
character of the work. Almost any one of the titles mentioned would 
require for any adequate treatment a book of at least the size of this one. 

The book can not be recommended as an example of what a scientific 
work should be, but rather, in the reviewer’s opinion, as an excellent 
example of what it should not be. There are no fundamental guiding 
principles for the experiments, there is no thorough working out of any 
one thing to see whether the experiments reported really parallel vital 
phenomena except in a grossly superficial way. Even the title of the 
book, ‘‘Contributions to a Colloidal Chemistry of Life,” strikes the re- 
viewer as badly chosen to say the least, since in the first place, life is 
not to be explained by chemistry even taken as a whole, let-alone that 
part of it dealing with the colloids, and in the second place it is still un- 
certain that colloids differ in any fundamental particular from non- 
colloids, so that a separate division of chemistry for them would appear 
certainly premature. It is possible that the author’s industry in trying 
experiments of precipitation in gelatin, may enable some one to find 
among the experiments some stones which may be used in erecting a 
planned building, or he may find here some hints in shaping further work 
which may be useful but apart from this, the work has little value owing 
to its incoordinate and inconclusive character. 

Any one who feels tempted to publish work of this kind should read 
any one of Darwin’s books, or any book or paper of Claude Bernard, 
Lavoisier, Faraday, DuBois Raymond, van’t Hoff, or any of the great 
men of science to get a standard of excellence. He will not find that these 
men publish hodge-podges of this kind, which, alas, are altogether too 
common in all branches of biological investigation. 

Albert P. Mathews. 
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Numerous determinations of the vapor density of calomel at atmos- 
pheric pressure have shown, within the limits of error of the methods, 
that the density corresponds to the formula ligCl. Odling 1 was the first 
to show, by the amalgamation of a gold-leaf dipped in the vapor, that 
free mercury was present. The vapor was, therefore, at least partly 
composed of a mixture of Hg 4 HgCl 2 , in equimolecular proportions, 
which would have the same density as HgCl. Debray 2 could find no 
amalgamation at 400°, but Brereton Baker 3 obtained it at 445 °. Erlen- 
meyer 4 condensed the vapor rapidly on a tube filled with cold mercury, 
but found less than o 03 g. of free mercury in the large deposit of sub- 
limed calomel. Debray secured a similar result with a gilded, silver 
U-tube containing running water. The presence of free mercury 
was therefore established, but the evidence, so far as it went, demon- 
strated only a small amount of dissociation. 

Harris and V. Meyer, 8 after confirming by a number of determinations 
the value of the vapor density previously accepted, attempted in two 
ways to ascertain the amount of dissociation. In the first place, by 
heating calomel at about 465° in a porous vessel enclosed in a wider glass 

1 J. Chew. Soc. t 3, 21 1. 

2 Compt. rend., 83, 330. 

2 J . Chew. Soc ., 77, 646. 

4 Ann., 131, 124. 

• Ber., 27, 1842 (1894). 
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tube, they secured, by diffusion, a “dense mass” of free mercury in the 
cold part of the outer tube and a “considerable amount' 1 of corrosive 
sublimate in the residue remaining in the porcelain cell. They infer 
that this proves “copious dissociation” in calomel vapor. It is obvious, 
however, that a very small degree of dissociation in the vapor would ac- 
count for this result equally well. * The exit of the mercury through the 
pores would be expected to disturb a state of equilibrium between the 
undissociated calomel and the dissociation products, and to result in 
the final liberation of a far larger proportion of mercury than that con- 
tained in the original vapor. This experiment, and another of a similar 
nature, therefore, in reality only confirmed Odling’s proof that some free 
mercury was present, without in the least degree indicating its amount. 
The question whether the proportion of undecomposed HgCl in the vapor 
was over 90 per cent, or zero remained unanswered. 

The experiment just described being of a physical nature, Harris and 
Meyer sought confirmation by chemical means of the (unwarranted) con- 
clusion they had drawn from it. They assume that a vapor largely com- 
posed of HgCl should give the reactions of a mercurous salt, while one 
composed largely of Hg and HgCl, should give the reactions of a mer- 
curic salt. A rod coated with solid caustic potash, and preheated in an 
empty test tube (240-260°), was quickly immersed in the vapor of calo- 
mel contained in another tube at the same temperature. A yellowish 
red layer of mercuric oxide appeared immediately. The authors recog- 
nize the fact that mercurous oxide is unstable at this temperature, but 
seem to think it would necessarily have been formed as a transient stage 
if HgCl had been present. They smeared a similar rod with mercurous 
oxide and, preheating being out of the question, dipped it, cold, into 
the calomel vapor. After a “long ( gcraumcr ) time — 15-25 seconds,” the 
color changed to yellow owing to the decomposition of the oxide into 
Hg + HgO. The conclusion drawn from these two experiments is that, 
since not even a trace of transient darkening was observed with the 
potash, the mercuric oxide could not have arisen from previously formed 
mercurous oxide, but must have been the direct product of interaction 
with the calomel vapor. This mild inference is doubtless correct. But 
the following clause, stating that the vapor therefore contains the com- 
bined mercury as mercuric chloride, indicates complete confusion of 
thought. Since mercurous oxide is unstable at 240-260°, why should its 
formation be counted upon under any circumstances at this tempera- 
ture? True, inetastable substances are sometimes produced, but more 
often they are not. In this case, certainly, the deposition of mercuric 
oxide would be quite as natural with a vapor wholly composed of a mer- 
curous compound as with one wholly composed of a mercuric salt. 

On an experimental foundation which, to say the least, is thus emi- 
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nently inconclusive, the authors base their final statement: “ In vapor- 
izing, calomel decomposes completely according to the equation Iig 2 Cl 2 = 
Hg + HgCl 2 .” This conclusion, that no HgCl is contained in the vapor, 
by reason of the confidence with which it is stated, has been very generally 
accepted, and is the view universally held by chemists. Since it was 
published, no further investigation of the matter seems to have been 
made. The controversy with Fileti 1 which arose out of this paper, added 
nothing regarding the possibility of the presence of calomel, as such, in 
the vapor. It did draw from V. Meyer the statement that he had “never 
made the mistake of holding that ins experiments with calomel furnished 
proof of the double formula/’ but we are not here concerned with the 
left-hand side of the eejuation quoted above. It afforded, also, additional 
proofs that V. Meyer did not fully understand the principles of chemical 
equilibrium involved in the problem he had undertaken to solve. 

The important fact discovered since V. Meyer’s work is that noted by 
B rereton Baker (/. r.), namely, that, in the vapor of caicfully dried calo- 
mel, a gold leaf is not amalgamated. If this observation could be accepted 
as proving the entire absence of free mercury from the vapor, it would 
demonstrate conclusively the piesence of HgCl, at least in the vapor of 
the dried substance. This inference follows from Lhe fact that the den- 
sity of IIgXl 2 is 16 2 6 ( air — 1 ), while the mean of Baker’s measure- 
ments with dried calomel is only 15. Thus, ii there was no dissociation 
into Hg f HgCl,, two molecules in every 13 (or 15 4 per cent, of the 
total molecules) were HgCl. We have seen, however, that the gold-leaf 
test is uncertain, and it would therefore be unsafe to draw any such con- 
clusion. 

An examination of the literature thus reveals the fact that, at the pres- 
ent time, no experimental data exist on which can be based an inference, 
or even a guess, in regard to the proportion of dissociated (Hg -f HgCl) 
to undissociated (HgCl) molecules in calomel vapor. 

Theory of the Method Used to Solve the Problem. - The inconclusive- 
ness of the previous investigations is due chiefly to two facts, namely, 
that the problem is a quantitative one, while the experiments directed 
to its solution were all qualitative, and that the experiments and the 
reasoning applied to the observations were ill considered. If we assume 
for the present that a polymolecular form of calomel (say IIgXl 2 ) is pres- 
ent in the vapor only in negligible amounts, or is absent entirely, as the 
vapor density determinations seern to show, then there are at most three 
substances present in the vapor, namely HgCl, Hg, and HgCl 2 . Their 
relations in the saturated vapor, when solid calomel is in equilibrium 
with the gases, is shown by the following scheme of equilibria: 

1 Fileti, Gazz. chtm ital, , 11, 341 (1881 ) , /. prakt Chcm , [2] 50, 222; 51, 197. V 
Meyer, Her., 27, 3143; 28, 364 
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Calomel (solid) 7^ 2HgCl (vapor) 7“^ Hg + HgCl a . 

There are three unknown quantities, namely the partial pressures of 
HgCl, of Hg, and of HgCl 2 . Three independent observations are re- 
quired, theoretically, for the measurement of the values of these three 
quantities at a given temperature. The three observations which ap- 
peared to be most suitable were : 

1. The vapor pressure of calomel, P ca i om • This gives the total value 
of the three partial pressures. 

2. The joint vapor pressure of a mixture of calomel and mercury, with 
both substances in excess, P mixt> . 

3. The vapor pressure of mercury alone, P merc .. 

The results of these three measurements are related in such a way that, 
with the help of the fundamental laws of chemical equilibrium, the three 
partial pressures may be calculated from them. It is more convenient, 
however, to handle the resulting data in another way, namely, by con- 
sidering first the two extreme cases. 

If we first assume the proportion of free mercury in calomel vapor to 
be exceedingly small, and the dissociation therefore to be negligible, then 
the vapor of calomel is essentially composed of HgCl, and the relation 
between the observed data is simple. Each single substance (Exps. 1 
and 3), at a fixed temperature, gives a fixed vapor pressure. The con- 
centration of the vapor, which determins the vapor pressure, cannot be 
permanently altered so long as the solid, or liquid, phase is present. In 
the mixture (Exp. 2), if the liquid mercury and the solid calomel are im- 
miscible, as they appear to be (see, however, below), and if there is no 
chemical interaction between their vapors (and there is none), and if the 
vapors have no component in common (a condition fulfilled in that ab- 
sence of dissociation which we are for the moment assuming), then the 
vapor pressure of the mixture must be sensibly equal to the sum of the 
vapor pressures of mercury and of calomel as measured separately at the 
same temperature, that is: 


P 


mixt. 


+ p, 


calom.' 


d) 


If, on the other hand, we assume that the dissociation is complete, 
then HgCl is absent from the vapor: Calomel (solid) 7"^ Hg 4- HgCl a , 
and the vapor pressure of calomel (Exp. 1) is made up of only two partial 
pressures: 

^calom. 5=18 Pmerc. "f" Pcorxos .* 


In this instance, with the mixture (Exp. 2) the mercury and the calomel 
both furnish mercury vapor, but the fact that the latter is also giving 
off mercury does not cause a permanent increase in the total concentra- 
tion of mercury vapor beyond that which mercury by itself can give. 
The partial pressure of mercury vapor in the mixture is fixed by the pres- 
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ence of the free, liquid mercury at a value identical with the vapor pres- 
sure of mercury in the absence of calomel at the same temperature. 
Hence: 


- Prr 


+ P' c 


( 2 ) 


Here the partial pressure of corrosive sublimate in the mixed vapors is 
determind by the chemical equilibrium between the dissociation prod- 
ucts of calomel. Now with pure calomel: 

Pmerc. Peorros. ~ Pcalom. 


and the value of the calomel dissociation constant is: 


Pmcrc X p corroh, = const. = (>£P ta i ora.) • 

In the mixture, the constant, and therefore the product of the partial 
pressures, must have the same value, so that: 

Pmerc. X p corros. 3=3 (/^ ^calom.) 2 

and 


P corros. 3=3 (/^ -f^calom.) 


Hence, substituting in equation 2, the vapor pressure of the mixture is: 

P p 1 / \ 

* mixt 1 mere “ y, * VO/ 

-rmerc. 

Thus the vapor pressure of the mixture can be calculated (equation 
1 for no dissociation, equation 3 for complete dissociation) from the 
vapor pressures of calomel and mercury measured separately, and can 
also be observed directly. If either of these extreme cases represents the 
facts, then the agreement of the calculated with the observed data will 
show which assumption is correct. 

It will be noted that the assumption that the dissociation is negligible 
gives the greatest value for the total pressure for the mixture. The as- 
sumption that the dissociation is complete gives the minimum value 
for the same total pressure. If HgCl is present, a value between these 
two will be found. In case intermediate values are obtained, then the 
partial pressure (p cu \ om ) of undecomposed calomel, HgCl, can be calcu- 
lated from the relation : 

PcaXom. ~ -^calom 2 [^nierc. i \/ (P-tnixt ^calom.) ^mcrc.J > (4) 

of which equation 3 is the particular case when p ca lom< = o. 

At the time, about ten years ago, when this mode of solving the problem 
first presented itself to one of us, no suitable and simple method of meas- 
uring vapor pressures was known, and a higher degree of accuracy was 
required than any of the known methods seemed to possess at the vapor- 
izing point of calomel. Methods involving confinement over mercury 
were excluded, because the value of the vapor pressure of calomel in the 
absence of mercury was required. Ramsay and Young's dynamic method 
was not sufficiently accurate, as their results with a dissociating solid of 
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similar volatility — ammonium chloride 1 — showed. The spiral gage 
alone seemed applicable, but the difficulties connected with its use were 
deterrent. It was with the object of finding .simple methods, applicable 
to solids and to difficult cases, and at the same time accurate enough 
to be employed in quantitative chemical work, and therefore suitable 
for the solution of the calomel problem, that the whole study of methods 
of determining vapor pressures was undertaken. These methods have 
already been described. Of the three vapor pressures, a knowledge of 
which was required, only that of mercury had been measured. But the 
data given by different observers were so discordant that a redetermina- 
tion of even these values 2 was necessary. 

The Vapor Pressures of Calomel. —The vapor pressures of calomel 8 
were determined with the static isoteniscope, using the mixture of potas- 
sium and sodium nitrates as the confining fluid, as well as in the bath. 
The isoteniscope, platinum resistance thermometer, and the other parts 
of the apparatus, and the manipulation, and the corrections and pre- 
cautions employed, were all identical with those described in connection 
with the work on water 4 and used again in the work on mercury (/. c.). 

The slow interaction with the nitrates of the mercuric chloride in the 
vapor re.sults in the gradual production of a slight precipitate/>f mercuric 
oxide. But the presence of this precipitate in no way interferes with 
the use of the liquid as a confining fluid. On the other hand, the result- 
ing accumulation of a slight excess of mercury in the vapor,^since it oc- 
curs at a point remote from the calomel in the bulb, does no harm. Dif- 
fusion of this mercury back into the bulb and its penetration to the sur- 
face of the calomel would be required in order that it might disturb the 
equilibrium and affect the vapor pressure. The excess of mercury is 
formed so slowly, and the diffusion of mercury vapor is in itself so very 
slow, that prolonged waiting would be required for the development of 
any effect. Hence, even if the method did not provide, as it does pro- 
vide, for the complete expulsion of all the accumulated vapor, and its 
replacement by a fresh supply, immediately before each reading, no slow 
increase in pressure would arise from this cause. In point of fact, none 
was ever observed. 

The dynamic isoteniscope 5 would have been selected, instead of the 
static one, but for the fact that to secure strictly comparable results it 
was desirable to employ static methods for all three determinations. 

1 See this series, No 5, This Journal, 32, 1454 (1910). 

2 This series, No. 4, This Journal, 32, 1434 (1910). 

3 Previous measurements by E. Wiedemann and Stelzner, Her. dent, physik . Ge$, t 

3» 159 ( I 9°5)» from By a dynamic method which they used also for iodine; 

criticized, this series, No. 3, This Journal, 32, 1414. 

4 This series, No. 3, This Journal, 32, 1419 (1910). 

* This series, No. 5, This Journal, 32, 1448 (1910). 
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Had the interaction with the nitrates been more rapid, or the vapor 
more swiftly diffusible, the use of the dynamic form of apparatus would 
have been necessary for exactness. 

The observed vapor pressures are reduced to mm. of mercury at o° 
and the sea level at 45 ° latitude. The temperatures are on the thermo- 
dynamic scale, assuming the sulphur boiling point as 445 °: 

t p up. 

36 1 82 454 7 388 n 866 7 

.37 1 °7 563 7 403 79 1229 7 

380 41 724 6 

The values at every 5 0 , obtained by graphic interpolation, are given in 
the table towards the end of this paper. The boiling point (760 mm.), 
taken from the curve, is 382 5 0 . 1 

The Vapor Pressures of a Mixture of Calomel and Mercury. — The 

vapor pressure of the mixture was not observed directly, because a small 
error in tempeiature would ha\e caused an error of many millimeters in 
the pressure. Instead, we measured the diffeience in pressure between 
the mixture and pure mercury, and small changes in temperature cause 
very slight alterations in this difference. The observed difference was 
then added to the vapor pressure of mercury at the same temperature. 
The chief source of error in the resulting obs^ned pressures of the mix- 
ture lies, therefore, in the values of the vapor pressures of mercury. Now, 
the latter enter also as the chief term in the calculated pressures of the 
mixture, and in the final comparison of observed and calculated pressures 
of the mixture this error, therefore, largely disappears. 

To accomplish the measurements of the difference, two static isoteni- 
seopes, one containing pure meicurv and the other containing the mix- 
ture, were immersed together in the bath, and were manipulated simul- 
taneously. One was connected with the gage in the usual way. 13 y 
means of a bent glass tube fused on to the long, open limb of the gage, 
the other isoteniscope was connected with the other side of this instru- 
ment. The pressures acted against one anothei, through the gage, 
and only the differences in pressure was shown. 

In this instance, since there was free mercury mixed with the calomel, 
there was no objection to the use of mercury as the confining fluid. Hence, 
mercury was used as the confining liquid in both isoleniscopes. 

The observed differences in pressure were as follows: 


t 

P- 

1 

P 

3-6 7 

13 0 

.'86 3 

94 4 

356.6 

36 7 

393 9 

118 5 

374 9 

66 8 

397 8 

135 5 


1 Jonker, Chcm. Weckblad ., 6, 1035 (1909), fields 373 0 ; Harris and Meyer, Ibid., 
find 357 0 . 
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The following table gives the values of these differences at every 5°, 
obtained graphically, together with the vapor pressures of the mixture, 
secured by adding these differences to the vapor pressures of pure mer- 
cury at the same temperatures : 


t. 

Diff. (Pmixt. 

— Pjnerc.). 

Pmixt., obsd. 

t. 

Diff. (Pmixt. 
— Pmerc.) • 

Pmixt., obsd. 

360° 

41 .O 

843.6 

385 ° 

90.8 

1321. 7 

365 

48.2 

924 9 

390 

105.7 

1441. 4 

370 

56.8 

IOI3 .O 

395 

123.7 

1570 -8 

375 

66.8 

II08.4 

400 

1473 

■ I7I3-4 

380 

78.I 

1 2 1 1 .1 





An Unexpected Complication of the Problem. — In order that the 
purpose of the experiments next to be described may be understood, a 
preliminary examination of the foregoing results is necessary. At 390° 
(data in final table), for example, the vapor pressure of mercury alone 
(P merc .) is 1335.4 mm. and that of calomel (P C aiom.) is 906 mm. As- 
suming complete dissociation, and substituting in equation 3, 

^roerc. *335-4 


P'o 


*53 7 mm- 


we obtain 153.7 mm. for the partial pressure of the mercuric chloride 
vapor in the mixture at 390°, as calculated, with the aid of the theory, 
from the vapor pressures of the substances observed separately. The 
directly observed value of the vapor pressure of mercuric chloride at 
this temperature, which, again assuming complete dissociation, is the 
difference between the vapor pressures of the mixture and of mercury 
alone, is only 105.7 mm. (see table above), a discrepancy of over 30 
per cent. 

The discrepancy is in an unexpected direction. The total pressure 
of the mixture, calculated on the assumption that there is no dissocia- 
tion (equation 1) is 1335.4 + 906 = 2241.4 mm., and calculated on the 
assumption that dissociation is complete is 1335.4 4- 153. 7 = 1489.1. 
The observed pressure of the mixture is 1335.4 + 105 7 *= 1441 . 1. If 
HgCl were present in the vapor, the total pressure would lie at some point 
between the two calculated values. The observed pressure is lower than 
the smaller of the two, and below the minimum indicated by the theory 
as thus far considered. HgCl certainly appeared to be proved absent, 
but before definitly drawing this conclusion it was desirable to account, 
if possible, for the lack of agreement between the calculated and observed 
values. A discrepancy of 48 mm. in a total of 1441 mm., or 3 3 per 
cent., is not unusual in vapor pressure measurements at high tempera- 
tures. But the precautions taken and the tests of the method which had 
been made, rendered it certain that the errors of observation were of 
nothing like this magnitude.^ The cause evidently lay in the nature of 
the substances. 
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The Density of Saturated Mercury Vapor. — In the first place, it will 
be noted that the laws of chemical equilibrium employed hold for the 
actual concentrations of the substances concerned. The pressures are 
substituted in the formulas, on the assumption that they are propor- 
tional to the molecular concentrations. Now, that assumption, which 
is equivalent to assuming that the substances have normal vapor densi- 
ties, may not be correct in the particular cases under consideration. For 
example, it was possible that saturated mercury vapor might have an 
abnormally high vapor density, and that this substance, while being 
present in the molecular concentration required by the theory of chemical 
equilibrium, exercised a pressure less than that proper to its concentra- 
tion. Thus, in the equation from which the partial pressure of mercuric 

(3^-^calom.) 2 i p 

r > — " r corros.i 

* mere. 

chloride is calculated, the actual concentration of the mercury may be 
correct, but its pressure (in the denominator) may be too small. This 
would account for the calculated value of the whole expression being 
153 7 min., while the observed pressure of HgCl z is only 105 7 mm. That 
the density of the saturated mercury vapor should be thirty per cent, 
too high seemed unlikely, but some considerable part of the divergence 
might originate here. 

The only published determinations of the density of saturated mer- 
cury vapor seem to be those of Jewett. 1 His work, however, only shows 
that the density is approximately normal. A divergence of four per 
cent, would not have been detected with certainty. Then, too, his ob- 
servations only extended up to 325 0 where the vapor pressure is about 
half an atmosphere, and the divergence, if it existed, might be greater 
at the pressures of nearly two atmospheres occurring in these experiments. 
Some measurements were, therefore, made at 360 to 400° (pressures 
800-1565 mm.). Jewett’s method was used, with modifications in the 
apparatus calculated to insure a degree of accuracy of ±2 per cent., 
which was sufficient for the present purpose. The divergence was found 
to be only about 1 per cent. Hence, within the limits of accuracy of 
the method, the density is normal under these conditions. This hypoth- 
esis, therefore, would not account for divergence encountered in the 
calomel problem. 

As the vapor density of saturated mercury vapor is worth studying 
on its own account, it is proposed to make a more accurate series of meas- 
urements in the near future. 

The Density of Saturated Calomel Vapor. — Since the vapor pressure 
of the calomel enters into the numerator of# the fraction, any abnormality 
1 Phil. Mag., [6] 4, 546 (1902). 
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in the density of the saturated vapor of this substance would involve a 
correction which would only increase the divergence of which an explana- 
tion was being sought. At the same time, the assumption, that concen- 
tration and pressure were proportional to one another, was so funda- 
mental to the whole investigation that it seemed necessary to test it in 
each case. 

!» The vapor density of saturated calomel vapor has never been deter- 
mind. In the vapor density measurements of Mitscherlich (508°), 
Deville and Troost (445 °), and V. Meyer and Harris (445 0 and 518°), made 
at atmospheric pressure, the vapor was much less than half saturated. 

For the determination, a small bulb containing a known weight of 
calomel was fused on to the neck of a tfound -bottom flask, after the neck 
of the latter had been drawn out to a capillary and bent downwards 
(Fig. 1). The flask was exhausted to less than o 01 mm. 
pressure through a side tube, which was then .sealed off. 
The whole was immersed in a vigorously stirred bath of the 
melted nitrates of potassium and sodium, and the tempera- 
ture was slowly raised to 352. 5 0 , where it was maintained 
for ten minutes. The bulb was then raised so that, as the 
highly arched capillary tube emerged from tli£ surface of 
the melt, it encountered a blowpipe flame which sealed 
the capillary. The method of sealing the communication 
between the bulb and the flask is very essential and 
was adopted after previous experience had shown that cooling the whole 
apparatus with this tube open (after the manner of Jewett's experiments 
with sodium) gave rise to slightly variable results. This variability was 
due, doubtless, to distillation, caused by unequal rates of cooling of the 
two very dissimilar parts of the apparatus. The weight of the calomel 
vapor was determind by finding the loss which the amount in the small 
bulb had sustained. The volume of the flask was measured by weighing 
full of air and of water, with reduction to vacuum, and was corrected 
for the expansion of the glass at 352 °. The temperature was ascertained 
with a nitrogen-filled mercury thermometer 1 and was fully corrected. 
The vapor pressure of calomel, as determind with the same instrument, 
was therefore employed (352 mm. at 352 5 0 ). The measurement is ac- 
curate within less than ±2 per cent., which was sufficient for the pur- 
pose. The densities were: observed 0.002169, calculated 0.002125, 
and their ratio 1 02. The density was therefore normal, within the 
errors of measurement. 

Other measurements of the density of .saturated calomel vapor have 
since been made for another purpose, and will be published in another 
paper. The values confirm tfye conclusion that the density is normal. 

1 The thread was almost completely immersed. 
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The Density of the Mixed Vapors — Since it thus appeared that the 
densities of the substances, when separate, were normal, it followed 
that the main divergence was due to some factor affecting the vapor 
pressure of the mixture, and such as to make the observed value nearly 
4 per cent, lower than the calculated value. It seemed possible that, 
although the substances when separate showed normal vapor densities, 
yet when mixed they might influence one another so as to cause the mix- 
ture to have an abnormally high density, and therefore an abnormally 
low vapor pressure The density of the mixed vapors was therefore de- 
termind, using the same methods as for calomel, excepting that two 
bulbs were attached to the flask, one for each substance. As the data 
are not of permanent value, the details of the experiments and calcula- 
tions need not be given. It is sufficient to say that the ratio of the den- 
sities found and calculated was 1 02, with an accuracy of ±2 per cent. 
There was therefore no abnormality which could account for the diver- 
gence. 

The Solubility of Calomel Vapor in Mercury.— There remained the pos- 
sibility that, in spite of appearances, calomel might be somewhat soluble 
in mercury at the temperature concerned. If this turned out to be true, 
the \apor pressure of the mercury in the mixture would be lowered by 
the influence of the dissolved calomel, and the total vapor pressure of 
the mixture would be diminished. A lowering of the vapor pressure 
of the mercury { 1335 4 mm. at 300°) by about 50 mm. would account for 
the divergence observed. A solubility of the chloride of a metal in the 
metal itself is not known to occur in many instances, but has been estab- 
lished in the case of bismuth Bichloride. 1 

A number of preliminary experiments showed that calomel did dis- 
solve in mercury. They showed also that the complete saturation of a 
mass of mercury by calomel vapor was an exceedingly slow process even 
at 3 Do- 400°, and that the use of small amounts of mercury, of continual 
agitation by the vibrations of the stirring apparatus, and of 5-6 hours* 
time were required for the attainment of the maximum, constant values. 2 
The apparatus (Fig. 2) consisted of a small 
bulb (vol. only 1 cc.) containing a weighed 
portion of mercury (about o 5 to 1 g.). 

The calomel in known amount was con- 
tained in a small tube, shown in section 
and front view in Fig. 2, A. and B, After 
the calomel tube had been introduced, Fig. 2. 

‘ Eggink, 7 . physik Chnn , 64, 449 

a In the vapor pressure measurements themselves, the fully lowered pressures 
had been immediately attained This was doubtless due to the fact that the 'pressures 
observed proceeded from the fully saturated surface layer of mercury. 
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the bulb was exhausted to less than o. i mm. pressure and sealed. After 
the charged apparatus had been heated 5-6 hours at the required tem- 
perature, it was opened. The loss in weight of the calomel tube gave 
the quantity dissolved by the mercury, for the weight required to fill 
the 1 cc. bulb, as vapor, was negligible. At 398°, for example, three 
observations gave the following results : 


Mercury taken. 

Gram. * 

Calomel 

dissolved. 

Farts Hg to 
1 pt. calom. 

I.3118 

0.0622 

21 . 1 

0.8796 

O . 0404 

21 8 

O.4997 

O.0237 

21 . I 



Mean, 2 1 33 


The possibility that the solubility might be reciprocal, and that mer- 
cury might dissolve in calomel, was considered. It was observed that 
the residual calomel, when cold, was perfectly white and showed no evi- 
dence of the presence of mercury. In some of the experiments, also, 
care was taken to use different relative amounts of calomel and of mer- 
cury at the same temperature. A little consideration will show that, in 
such circumstances, if mercury had been appreciably soluble in calomel, 
constant results for solubilities, calculated as described abpve, would 
not have been obtained. It is clear, therefore, that the solubility of 
mercury vapor in calomel is too slight to require consideration. 

For calculation of the lowering in .vapor pressure of the mercury, the 
solubilities must be expressed in numbers of molecules of each substance. 
If we take HgCl as the formula of the dissolved calomel, the foregoing 
value at 398° corresponds to 1 mol. HgCl to 25.11 mols. mercury. If, 
however, the formula is Hg 2 Cl 3 , then the ratio becomes 1 : 50.22. If as 
is conceivable at this high temperature, calomel is unstable, even in solu- 
tion in mercury, and HgCl 2 is the dissolved substance, the ratio is 1 : 51 22. 
For reasons which will appear presently, the first ratio was taken. 

The solubility was measured at three temperatures. The ratios of 
molecules of mercury to 1 molecule of HgCl found were as follows: 398°, 
25.11; 379 0 , 26,36; 360°, 39 .56. These values were plotted, and the 
solubilities at even temperatures read from the curve are given in the 
table following. 

The Final Results. — From these experiments it is evident that the par- 
tial pressure of mercury vapor in the mixture is not that of pure mercury 
(£\nerc.)» but that of the solution of calomel in the latter (say P' me TC ). 
For example, at 390 °, the value is not 1335.4, but a smaller value. At 
this temperature the molecular solubility is iHgCl: 25 >4Hg. The par- 
tial vapor pressure of mercury over this solution is in proportion to the 
number of molecules of mercury in the total molecules present; that 
is to say, it is 1335.4 X 25.4 26.4, or 1284.8 mm. Substituting this 



STUDIES IN VAPOR PRESSURE, VI. 


1553 


value for P merc . in equation 3, we obtain (V 2 906) 2 4 - 1284.8 = partial 
pressure of mercuric chloride in the mixture = 159.7. This value, plus 
the vapor pressure of the mercury as lowered by calomel should equal 
the observed pressure of the mixture: 159.7 -f 1284.8 = 1444 5- The 
observed pressure of the mixture at this temperature was 1441 .4. When 
the number of measurements involved in the former of these numbers, 
and the difficulties connected with making exact vapor pressure deter- 
minations are taken into account, it will be seen that this agreement 
within 3 1 mm. in a total of 1444 mm. is much closer than there was any 
reason to expect. At the other temperatures the degree of agreement 
is of the same order. It is evident, therefore, that the complete dissocia- 
tion of calomel vapor, and the absence of llgCl from the vapor, the assump- 
tions underlying equation 3, are satisfactorily established. 

The following table contains the complete data. Column 7 shows 
the vapor pressures of the mixture as calculated by equation 3 from the 
vapor pressures of calomel (col. 5), and of mercury (col. 4), the latter as 
depressed by dissolved calomel. Column 8 contains the observed vapor 
pressures of the mixture. Column g gives the differences between the 
calculated and observed values. The greatest divergence is 6 8, the 
smallest o 4, the sum is --0 9, and the deviation of the observations as 
a whole from the calculated values is only — -o 1 mm. It will be noted 
that, within the range of temperatures covered, the pressure of the mix- 
ture has more than doubled itself, but the divergencies show no tendency 
to progressive change. The average divergence is less than 1 part in 
12000. This excellent agreement with the theory that only II g and 
HgCl 2 are present in the vapor of calomel demonstrates conclusi\ ely, within 
the limits of error of the method, the complete absence alike of HgCl 
and of Hg 2 Cl 2 from the saturated vapor: 


1 

a 

Softy 

3 

4 

5 

6 

7 

s 

9 


mols. Hg 


P'raerc., de P 

P corroh. 

■Pniixt , 

Piu\xi , 

Diverg- 

t 

1 mol. ilgci. 

Pmcrc- 

by calom. 

Pcalom. 

calc 

calc. 4+6 

obsd. 

ence 8-7 

360 

39 6 

802 6 

782 8 

434 

60 I 

843 O 

843 6 

0 6 

365 

3 - 

876 7 

850 6 

49 r 

70 9 

921 5 

924 9 

3 4 

370 

29 3 

956 2 

9 -M 7 

556 

83 6 

1008 3 

1013 0 

4 7 

375 

27 3 

1041 6 

1004 8 

63 0 

98 7 

1103 6 

1108 4 

4 9 

380 

26 2 

1133 0 

1091 4 

712 

1 16 1 

1207 5 

1 2 1 1 . 1 

3 ^ 

385 

25 6 

1230 9 

1184 6 

805 

136 8 

1321 3 

1321 7 

0 4 

390 

25 4 

1335 4 

1284.8 

906 

159 7 

H 44 5 

1441 4 

— 3-4 

395 

25 2 

1447 O 

M 9 i 8 

1017 

185 8 

1577 6 

1570 8 

6 8 

400 

25 * 1 

1566,1 

1506 1 

”35 

213 9 

1719.9 

1713 4 

— 6.5 


Calculation of the partial pressures of HgCl, by means of equation 4, 
leads, of course, to the same conclusion. The values found vary on each 
side of zero, being for the nine temperatures, 0.9, 4.8, 6 8, 7 o, 5.3, 
0.5, — 5.3, — 10.7, and — 10 5 mm. The average of the nine is — o. 13 
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mm., and differs therefore from zero by much less than the errors of meas- 
urement. 

Results with a Mercury Thermometer. — As the platinum resistance 
thermometer is a difficult instrument to handle, and is not always avail- 
able, it is worth while to show that the problem might have been solved 
and the same conclusion reached with the simplest apparatus. With a 
good nitrogen -filled thermometer, the actual values of the temperatures 
between 360 and 400 0 (and the corresponding pressures) are not ex- 
ceedingly accurate, as, in spite of careful correction, the individual tem- 
peratures taken with such a thermometer may be in error as much as 
±i°. But when, as in this case, the same thermometer and the same 
conditions are used in each of the three series of vapor pressure measure- 
ments, the errors partly cancel one another and the results may be use- 
ful in spite of them. 

In the preliminary experiments, the vapor pressures of mercury, calo- 
mel, and the mixture had been determind between 360 and 395 0 with 
such a thermometer. The simple, submerged bulblet, vapor pressure ap- 
paratus 1 was employed, with a good gage. The solubility measure- 
ments given above were the only parts of the better data used in the 
calculation of the results. The individual values of the pressures, being 
less accurate, need not be given. The greatest divergence in 'the final 
results between theory and calculation was 6 mm. and the smallest 1 
mm. The average divergence of the results as a whole from the theory 
of complete dissociation was only —3.3 mm. Problems of this kind 
can therefore be solved even by the use of the submerged bulblet ap- 
paratus and a mercury thermometer. 

The Molecular Weight of Calomel in Solution in Mercury. — In the dis- 
cussion of the theory of the method it was pointed out that three inde- 
pendent observations were required to demonstrate the constitution of 
calomel vapor. It turned out, however, that the dimensions of the molec- 
ular weight of calomel in solution in mercury was an additional unknown 
quantity, the presence of which, as a part of the problem, was not fore- 
seen. At least one more independent observation is therefore logically 
necessary to establish the fact that the dissolved calomel is monomolecu- 
lar. It will be noted, however, that instead of only three observations, 
three groups of observations, covering a wide range of pressures, 
were made. The experimental material is therefore amply sufficient to 
sustain this additional conclusion. 

If we assume, for the moment, that the dissolved calomel is bimolecu- 
lar (Hg 2 Cl 2 ), the ratios of molecules of mercury to molecules of calomel 
(col. 2) are all doubled. This alters the proportions of mercury mole- 

1 This Journal, 32, 907. It is worth noting that this method is dynamic, 
while the one used in the main series was static. 
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cules to total molecules ( e . g., at 390 0 to 50.8:51.8), and therefore the 
calculated partial pressures of the mercury in the solution. Figuring on 
this basis, the final divergencies between calculated and observed data 
(col. 9) now become — 12 2, -9 7, — 1 1 1, — 13 5, — 18 o, etc., up to 
— 36.6 at 400 °. The excellent correspondence thus disappears, and the 
divergencies increase rapidly with ascending temperature. 

Conclusions. — 1. A series of vapor pressures of calomel from 360 to 
400 0 has been obtained. The boiling point is found to be 382 5 0 . 

2. It has been shown by a quantitative vapor pressure method (static), 
that calomel vapor, even when saturated, is wholly dissociated, and that 
molecules of the classes llgCl and llg 2 Cl 2 are not present. 

3. Independent measurements, with an apparatus working on the 
dynamic principle, lead to the same conclusion. 

4. It has been shown that the molecular weight of calomel dissolved 
in mercury at 360-400° corresponds to the monomolecular formula, 
HgCl. 

5 It has been shown that, by the use of the isoteniscope, chemical 
problems can be investigated, and results can be obtained, possessing 
the same order of accuracy that is claimed for the most refined methods 
of quantitative analysis. 
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i. Introduction. 

In a paper published some years ago, A. A. Noyes 1 pointed out that 
the change of the transference number of tri-ionic salts with the concen- 
tration might be expected to throw light on the question as to whether 
intermediate ions, such as KS 0 4 ~ in the case of potassium sulphate, or 
N 0 3 Ba + in the case of barium nitrate, existed in appreciable quantities 
in vsolutions of such salts. Results for potassium sulphate, barium chlor- 
ide, and barium nitrate were published. In this paper, the results ob- 
tained with two other salts of this type, thallous sulphate and lead nitrate, 
will be given; and the theoretical significance of the transference results 
will be considered. 

* This Journal, 23, 37 (1901). 
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This investigation was undertaken at the suggestion of Prof. A. A. 
Noyes, and was carried out with the aid of a grant made to him by the 
Carnegie Institution of Washington. 

2. Apparatus . 1 

A cross section of the apparatus, drawn to scale but reduced to 1/5 
its natural size, is shown in the accompanying sketch. 

The U tube served as the cathode side. The cathode itself rested in the 
annular space AA in the compartment C. It consisted of an annular 
strip of sheet platinum fused to a platinum wire, which in turn was fused 

into a piece of small glass 
tubing containing mercury, 
which passed through a 
rubber stopper closing that 
side of the apparatus. The 
diameter of the glass tube 
throughout the apparatus 
was 1.5 cm., except at the 
electrodes, where it was 
widened to 3.5 cm. 

The anode pSrt consisted 
of the straight tube with 
the side arm. The widened 
part at the lower end was 
closed by fitting over it a 
gold cup, D. Gold was used 
instead of platinum because 
it was easier to work into 
shape and gave a closer fit. Ceresin was poured in between the upper 
edge of the cup and the glass, and the joint was covered with two lay- 
ers of rubber tubing securely wired on. The bottom of the cup was insu- 
lated from the bath by a large rubber stopper held up against it by the 
rubber tubing, which extended sufficiently far down for this purpose. 
Electric connection with the bottom of the cup was made by a small sheet 
of platinum pressed against it and fused to a platinum wire which passed 
through a glass tube in the stopper. The platinum wire was connected 
below to a copper wire, which was enclosed in black rubber tubing and 
led up through the bath. 

The cathode and anode parts of the apparatus were joined by a double 
layer of rubber tubing wired in several places and covered with ceresin. 

1 To Mr. A. C. Melcher, who rendered valuable assistance in the preparation of the 
apparatus and development of the experimental method, the writer desires to express 
his indebtedness. 
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The two parts were brought so near together that there was practically 
no free space betwen the glass. 

The tubes BB, 1 cm. in diameter, served to introduce or remove the 
solutions. 

The current was taken from the no- volt city circuit with a sufficient 
number of 32-candle power 220-volt lamps in series to give the strength 
of current desired, as shown by a milliammeter placed in series with the 
apparatus. 

The current was measured accurately by means of two silver coulom- 
eters, each consisting of a platinum dish 7 cm. in diameter as cathode, a 
silver disk riveted through its center to a silver rod and wrapped in filter 
paper as anode, and a 15 per cent, silver nitrate solution as electrolyte. 
The two coulometers were introduced into the circuit at opposite ends of 
the transference apparatus, thus guarding against error from leakage 
of electricity. 

3. Description of the Experiments with Thallous Sulphate. 

In carrying out the experimental determinations of the transference 
number of thallous sulphate, a current of electricity was passed through 
the solution of this salt for a certain length of time, using a definit weight 
of thallium as anode and allowing thallium to be deposited on the platinum 
plate at the cathode. The thallium at the two electrodes was dissolved 
after the experiment and added to the respective electrode solutions; 
and these were then analyzed. The middle portions were also analyzed, 
in order to determin whether the changes in concentration extended 
into them. In this way a theoretically perfect method was attained; 
for only thallous sulphate was present in the solution, even in the neigh- 
borhood of the electrodes; and both the electrode portions, as well as all 
the middle portions, were analyzed. 

The detailed description of the experiments may for convenience be 
divided into four parts: (1) preparation of the solution; (2) preparation 
of the anode; (3) electrolysis of the solution and removal of the portions; 
and (4) analysis of the portions. 

Preparation of the Solution. — Kahlbaum’s thallous sulphate was used. 
Though it apparently contained no impurity, it was crystallized from 
conductivity water. The solutions were made up approximately o 1 
and 0.03 normal with conductivity water, and the exact strength deter- 
mined gravimetrically as described below. The average of four or five 
results was adopted as the content of each solution. The solutions used 
were tested repeatedly with litmus and found to be neutral; and a 0.02 
normal solution was more accurately tested with rosolic acid, showing 
that the solution was no more acid than the water used in preparing it. 1 

1 Reference is made to this fact since Denham ( 'J . Chcm. Soc., 03, 59 (1908)) states 
that his thallous sulphate solution was add and was largely hydrolyzed. 



I55& GENERAL, PHYSICAL AND INORGANIC. 

Preparation of the Anode . — The anode was prepared by depositing 
electrolytically an accurately known weight of thallium in the gold cup. 
The procedure differed slightly for the o 1 and o 03 normal solutions. 
In the former case, about thirty grams of the thallous sulphate solution, 
the exact amount being immaterial, were poured into the anode com* 
partment; about 1 3 grams (accurately weighed) of dilute sulphuric 
acid were added; and the solution was electrolyzed, with the gold cup as 
cathode and a small platinum wire as anode, for about 2 hours with a 
current of o 030 to 0.040 amperes. Metallic thallium deposited on the 
cup, and oxygen was evolved at the platinum wire; but at the same time a 
very small amount of thallic hydroxide deposited on the latter. The 
presence of the sulphuric acid prevents the formation of all but a minute 
quantity of thallic hydroxide, whereas the addition of a considerably 
larger quantity of sulphuric acid would prevent the deposition of metal- 
lic thallium. After a sufficient quantity (about o 5 gram) of thallium 
had been deposited, the solution was drawn by suction directly into a 
weighed flask, the platinum wire and the apparatus containing the de- 
posited thallium were washed three times with successive portions of 
the original solution, and the washings were transformed to the weighed 
flask. This was then weighed ; and the thallium in the solution was de- 
termined, after dividing the liquid into two portions so as k> obtain 
check results. By subtracting this weight of thallium from that origin- 
ally associated with the quantity of water 1 present in the analyzed solu- 
tion, the quantity of thallium deposited on the gold cup could be ac- 
curately determined (within o 1 mg.). 

For the 0.03 normal solution, some slight modifications were neces- 
sary. About 40 to 50 grams of the original solution were used for elec- 
trolysis and no sulphuric acid was added, since not enough thallic 
hydroxide formed to interfere with the experiment. The electrolysis 
was continued only for an hour, as the solution then became exhausted 
and hydrogen began to be evolved. Duplicate analyses were not made, 
as there was not enough thallium present in the solution to permit of it. 
The thallium deposited amounted to about o 2 gram. 

Electrolysis of the Solution . — After the preparation of the thallium de- 
posit on the anode, the apparatus was charged with the solution so that 
the cathode compartment, C, was filled to three-fifths of its height, air 
bubbles in the horizontal portion were dislodged, and the apparatus 
placed in a thermostat at 25 °, only the upper ends (two centimeters) 

1 This quantity of water was calculated by subtracting from the weight of the 
analyzed solution that of the thallous sulphate found to be present in it, that of the 
dilute sulphuric acid added, and that ot the S0 3 produced by the electrolysis (accord- 
ing to the reaction T1 2 S0 4 * T1 4- i/ 20 2 + SO a ). The last quantity was calculated 
from the weight of thallium deposited, after this had been found approximately by a 
preliminary computation. 
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of the tubes BB and of the cathode tube being above the surface of the 
water. The tubes were closed with rubber stoppers, and electric connec- 
tion was made with the cathode by the column of mercury contained in 
the glass tube. 1 

The apparatus was allowed to remain in the thermostat long enough to 
attain its temperature (25 °) before starting the current. The electrolysis 
was continued for three hours or somewhat longer. The approximate 
strength of the current (as shown by the milliammeter) for the more con- 
centrated solution was o 012 amperes in the first experiment and o 015 
in the second; for the dilute solution in all three experiments, o 007 
amperes. During the electrolysis no bubbles of gas were evolved at 
either electrode; and at the end of it the electrode portions were both 
neutral to litmus. 

At the end of the electrolysis the stoppers in the tubes BB were taken 
out, and the middle portions were drawn out by suction through glass 
tubes bent at two right angles directly into weighed llasks. I11 the ex- 
periments with the more concentrated solution three middle portions 
were taken, one consisting of the liquid contained in the horizontal part 
of the apparatus, one of the liquid in the \ertical arm of the cathode 
side of the apparatus down to the bend, and one of the liquid in the verti- 
cal part of the anode side of the apparatus down to one centimeter above 
the anode compartment. These solutions were weighed and analyzed. 
In the experiments with the more dilute solution, two middle portions 
were taken, one consisting of the liquid in the horizontal part and in 
the upper half of the vertical arm on the anode side, the other of the 
liquid in the vertical arm on the cathode side down to the bend. 

After the removal of the middle portions, the apparatus w T as taken from 
the thermostat, and the two parts were disconnected and closed by stop- 
pers. After being dried on the outside the two parts were weighed sepa- 
rately to the nearest centigram 

The cathode portion was pouted into a flask, and the apparatus w T ashed 
several times with water, the washings being added to the flask. The 
thallium deposited on the cathode w T as dissolved in sulphuric acid and 
this solution united with the other. Duplicate determinations of the 
thallium present in known fractional parts of this solution were then 
made. The apparatus w r as dried and weighed, together with the stoppers 
and cathode, so as to obtain the total weight of the cathode portion be- 
fore it was diluted (including the deposited thallium). The weight of 
water present in the cathode portion w r as calculated by subtracting from 

1 Attempts were made to use as cathode mercury containing a very small quan- 
tity of zinc, as recommended by Morden (This Journal, 31, 1045 (1909)), but it was 
found that the zinc rapidly replaced the thallium in the aqueous solution. 



1560 


GENERAL, PHYSICAL AND INORGANIC. 


its total weight that of the thallium 1 and thallous sulphate. From this 
the amount of thallium in the original solution associated with this quan- 
tity of water could be found, whereby the amount of thallium trans- 
ferred by the current became known. 

With the anode portion, the procedure was similar. After weighing 
the part of the apparatus containing it, the solution was poured into a 
flask, the thallium remaining on the anode was dissolved in sulphuric 
acid either directly or by passing a current through the solution with the 
cup as anode, and this solution, as well as the water used to rinse the ap- 
paratus, was added to the flask and duplicate analyses of known 
fractions of this solution were made. The anode part of the apparatus 
was dried and weighed, thus giving the weight of the anode solution plus 
the thallium remaining on the anode. Assuming the thallium to dis- 
solve according to Faraday’s law, and knowing the amount of thallium 
deposited on the anode originally, the weight of water in the anode por- 
tion was calculated, and from that the amount of thallium which orig- 
inally was present in the solution and on the anode and also the amount 
of it transferred was determined. 

Analysis of the Solutions . — The method of analysis employed was in all 
cases the determination of the thallium by precipitating ^nd weighing 
it as thallous iodide. The original solution and the middle portions 
when analyzed were perfectly neutral toward litmus; the electrode por- 
tions had been made acid with dilute sulphuric acid. To the latter, 
to provide for any oxidation to the thallic state that might have oc- 
curred, a few cubic centimeters of a 5 per cent, potassium sulphite solu- 
tion were added before the precipitation. The solution of thallous sul- 
phate was heated to boiling and a 5 to 10 per cent, solution of potassium 
iodide, also heated to boiling, was added with stirring. Sufficient iodide 
was added so that the solution, after precipitation, contained two per 
cent, or more of potassium iodide. The solution was then boiled vigorously 
for about a minute, so as to break up the lumps of thallous iodide and en- 
able it to be filtered and washed more readily. The iodide as first pre- 
cipitated was orange in color, but very soon became light yellow. The 
solution was allowed to stand overnight, the precipitate collected on a 
platinum Gooch crucible, washed with about 100 cc. of a 2 per cent, 
potassium iodide solution until free from sulphate and then with 80 per 
cent, alcohol to remove the potassium iodide. The precipitates were 
heated at 160° for an hour, which, as preliminary experiments proved, 
was sufficient to ensure a perfectly constant weight. 

Duplicate analyses in almost all the cases checked within o. 1 per cent., 
and the method of analysis may therefore be considered accurate to that 

1 In making this correction the thallium deposited was assumed to be equivalent 
to the silver precipitated in the coulometers. 
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degree. The presence of sulphuric acid up to the amount used had no 
apparent influence. The amount of thallous iodide weighed was between 
o . 3 and 1 . 2 grams. 

4. The Transference Data for Thallous Sulphate. 

The experimental data are given in Tables I and II. The headings 
are sufficiently explanatory, or become so when considered in connec- 
tion with the description given above. The letters in the second column 
have the following significance: PA, Solution from which the thallium 
was deposited in preparing the anode. A, Anode solution. M A , Mid- 
dle portion adjoining the anode solution. M, Middle portion. M c , 
Middle portion adjoining the cathode solution. C, Cathode solution. 
In the case of the o 02999 normal solution there were only two middle 
portions, which are designated M A and M c , respectively. The changes 

Table I. — TransferEx\ce Data for o 09972 Normal Thallous Sulphate Solu- 
tion AT 25 °.* 

(Containing 100 11 milli-equivalents of Tl 2 S0 4 per 1000 grams of water. 1 ) 
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1 The data upon which this value is based are as follows: 

Wt. of solution analyzed. . 18.00 20.61 34 02 32.22 30 16 

Wt of Til obtained 0.5817 o 6662 1 0992 1.0406 o 9750 

Milli-equiv. T1 per 1000 g. 

water 100 11 100.16 100. 11 100.05 100 15 

* Not including 1.29 grams H 3 S0 4 added. 

1 Not including 1 .39 grams HjSO, added. 
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in concentration in the portions adjoining the electrode portions were in 
all cases within the experimental error of the analyses, and they have 
therefore not been included in the changes in concentration of the elec- 
trode portions. 

A number of experiments were made which were faulty in one respect 
or another; for example, because of a leak of the current between the 
coulometers, or of unsatisfactory preparation of the thallium deposit 
on the anode. None of these experiments are reproduced here; but all 
.of those are included in which from external evidence alone, without con- 
sidering the results, the process appeared to be successful. 


Table II. — Transference Dat\ for o 02999 Normal Th allocs Sulphate Solu- 
tion at 25 0 * 

(Containing 30 08 niilli-equi valent s of TLS0 4 per 1000 grams of water *) 
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1 The data upon which this value is based are as follows: 

Wt of solution analyzed 50 26 50.30 46 07 54 16 

Wt. of Til obtained ... 0.4972 o 4969 0.4547 0 534** 

Milli-equiv. Tl. per 1000 g. 

water 30.12 30 08 30 05 30.07 

Mr. F. L. Hunt working in this laboratory found dj 6 ** 1.0204 for a solution con 
taining 0.1 equivalent of thallous sulphate in 1 liter solution. 
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The values of the transference numbers are summarized in Table III. 
Since there seems to be no error in the method that would tend to make 
the results at either electrode either too high or too low, and since there 
was less manipulation involved in the treatment of the cathode than of 
the anode portion, it seems best to derive the final values of the trans- 
ference number by taking the mean of the cathode and anode results 
with double weight assigned to the former. Taking into consideration 
the variation of the cathode and anode results and the fact that almost 
all errors are likely to affect them in opposite directions, it seems very 
improbable that the final values are in error by more than 0.5 per cent. 

Table III— Summary or the Cation Transference Numbers for Thallous 

Sulphate at 25 °. 

o 0997* normal. 0.02999 normal. 


CAthodc. 
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Cathode. 
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Only one value of the transfeience number of thallous sulphate is re- 
corded in the literature, that of Hein, 1 who obtained the value o 472 
for the transference number of the cation at 23 0 at the concentration 0.052 
normal. 

1 Z physik Chetn , 27, 4/1 (1898) 

* Sec heading of Tables I and II The Analytical Data from which the values in 


Tables I and II 
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Expt. 

No. 

P.A. 

A. 

m a . 

M. 

Me- 

c 






1 Fraction 

■43 M> .15 7.1 

53 ?(> 38 n 

Whole 

Whole 

Whole 

50 92 

53 39 

analyzed . 

79 39 79 39 

218 35 2 is 35 




252 62 

252 .62 

Grains TII 

0 7690 0 6276 

0 6250 0 4433 

0 6421 

1 <>599 

0 9449 

0 6156 

0.6458 

2 Fraction 

Whole 

49 49 59 28 

Whole 

Whole 

Whole 

63.17 

58 3 i 

analyzed 

182 32 182 32 




260.83 

260 83 

Grams Til . 

1 133b 

0 6911 0 8280 

0 8373 

0.91 66 

0 9769 

0 7212 

0 6665 

3 Fraction 

Whole 

79 60 84 27 

Whole 


Whole 

75 82 

75 62 

analyzed 

164 86 164 86 


232 78 

232 78 

Grams Til 

0 4872 

0 4306 0.4562 

0.4649 


0 3576 

0 3193 

0.3182 

4 Fraction 


74 36 83.58 

Wide 


Whole 

73 07 

72 24 

analyzed 

Whole 

158 87 158 87 


210.34 

210.34 

Grams Til 

0 4778 

0 4303 0 4845 

0 4317 


0.4286 

0 3182 

0.3151 

5 Fraction 

Whole 

71 04 80 49 

Whole 


Whole 

J6 .85 

88 43 

analyzed . 

152 44 152 44 


215 03 

215 03 

Grains Til . . 

0.6257 

0.4163 O.4724 

0.3585 


0.4272 

0.4194 0.4268 



1564 GENERAL, PHYSICAL ANt> INORGANIC. 

5. Description of the Experiments with Lead Nitrate. 

The apparatus which was used in the transference experiments with 
thallous sulphate was also used in those with lead nitrate. Except for 
a few modifications which will be described, the experimental method 
was essentially the same. 

Preparation of the Solution . — Kahlbaum’s lead nitrate, recrystallized 
from conductivity water to which 1 per cent, nitric acid had been added, 
was used. Solutions approximately o . 1 and o . 03 normal were pre- 
pared with conductivity water, and the exact contents determined gravi- 
metrically. These solutions showed a neutral reaction. 

Preparation of the Anode . — Finely granulated “test lead,” such as is 
used in assaying, was employed in preparing the anode. It was found 
by analysis to contain 99 . 83 per cent, lead, with small amounts of oxide 
and moisture. A known weight was placed in the gold cup of the appara- 
tus before adding the solution. 

Electrolysis of the Solution . — The procedure was the same as with thal- 
lous sulphate, except that the lead which remained undissolved at the 
anode after the electrolysis was dissolved in nitric acid and added to the 
anode solution after the apparatus had been dried and weighed. It is 
therefore not included in the weights of anode solutions given in the 
tables. The electrode solutions remained clear during tfie passage of 
the current; but after their removal from the apparatus they became 
cloudy in a few minutes on account of lead hydroxide formed from the 
finely divided lead and the oxygen of the air. This shows that nitric 
acid was not formed at either electrode. The weight of lead which dis- 
solved at the anode and separated at the cathode was assumed to be 
equivalent to the weight of silver separated in the coulometers. The 
weight of lead used as anode given in the tables is the calculated weight 
of pure lead (i. e. t the weight of the test lead multiplied by o 9983). 

Analysis of the Solutions. — The lead was precipitated and weighed as 
lead chromate in all cases. In the case of the neutral solutions, 1 cc. 
of a 10 per cent, sodium acetate solution and 10 cc. of a 5-fold normal 
acetic acid solution were added, and the hot solution was precipitated 
with a one or two per cent, potassium dichromate solution, about 50 per 
cent, in excess of that required for precipitation being employed. The 
solutions containing the precipitates were allowed to stand at least 12 
hours; the lead chromate was then collected on a platinum Gooch cruci- 
ble, washed with 200 to 300 cc. water, and dried at 160-170°. To the 
solutions which contained free nitric acid, either an excess of sodium ace- 
tate was added (experiments 1-3), or sodium carbonate solution was 
added until the acid was neutralized (experiments 4-7), and then acetic 
add and dichromate were added as before. Duplicate analyses were 
found to agree much more satisfactorily when the precipitates were 
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amorphous in character and settled slowly, than when they were crys- 
tallin and the solutions cleared rapidly, which last was the case when 
insufficient sodium acetate was added. Duplicate analyses checked 
within o . 1 per cent, except in ca^e of some of the dilute solutions (ex- 
periments 4-7). 

6. The Transference Data for Lead Nitrate. 


The data and calculated results are given in Tables IV and V. The 
changes in the middle portions have not been included in the calculated 
changes of the electrode portions in any case : 


Table 1 * 1 . — Transference Data for o 1002 Normal Lead Nitrate Solution at 
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1 The data upon which this value is based are as follows: 

Wt. of solution analyzed 27 .97 35-95 24.74 24.09 

Wt. of PbCr0 4 obtained 0.4467 0.5745 0.3948 0.3847 

Milli-equiv. Pb per 1000 g. of water 100.51 100.57 100.44 100.48 

* Test lead analyses: 

Wt. of test lead analyzed 0.8538 0.8936 0.1444 0.3794 0-6358 

Wt. of PbCr0 4 obtained 13300 1.391* 0.2244 0.5916 0.9915 

Percent. Pb 99 85 99*79 99*6 i 99-9* 99-96 
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Table V. — Transference Data for o 02995 Normal Lead Nitrate Solution at 

25 0 .* 

(Containing 30 04 niilli-equivalents of Pb(N0 3 ) 3 per 1000 grams of water.*) 
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i 


M a 50.35 O 2498 50 10 
M c 34.16 o 1686 33 99 

C 68 58< v "‘ t '“'>68.22 


7 a 


,49«g 

4131 111 0 


] 


2 0277 2 4096 4 o i8i8(° >0 492 

(o 7759 m.e. 5 

1 ,8«, 3.84,4 o 4,43'° Jo 478 

l o 8^9011105 

* 5050 1 5085 h o 0035 
I 0210 I 0183 — O 002 7 

,.0493 * 48,9 +0 433«{“ gSm.e.S" 489 


I 9346 3 9 -’ 36 


M a 48 58 o 2408 48 34 
M c 36 54 o 1805 36 36 


C 65 31 


f 0.3931? 

\o 39245 


64 96 


486 


481 


0.4451 1 ° l ’ 944 R Jo 

Jo 87501x10.5 

1 4521 1 4547 4o 0026 

1 0923 1 0900 o 002 3 

, S ° °944 g- \ 

1 9547 2 3724 4-o 42 10 \ 0 >0 

v / ^ Jo. 8750111.0 J 

1 The data upon which this value is based are as follows: 

Wt. of solution analyzed 48 45 71 36 64 28 48 06 

Wt. of PbCrO* obtained ... o 2341 o 3447 o 3101 o 2321 

Milli-equiv. Pb per 1000 g of water. 30.057 30.048 30.011 30 044 

* See heading of Tables IV and V. The Analytical Data from which the values 

in Tables TV and V were derived are as follows: 


Kxpt. 

No. 


A. 


Part analyzed 
Grams PbCr0 4 . . 
Part analyzed . 
Grams PbCr0 4 . 
Part analyzed 
Grams PbCrO*. . 


47-35 

68 68 

232 . 17 

232 .17 

0 3150 

04565 

5i >9i 

52.11 

208 67 

208 67 

0 3710 

0 3726 

56.27 

59.26 

206 . 18 

206.18 

0.3881 

0 . 4092 


M a 
A ll 
o 36: 
AU 
036 * 
All 


M. 

All 


M c . 

All 


61 69 56.65 


All All 


All All 


250.07 250 07 
0.3082 0.2835 
48 88 4847 
210.75 210 75 
0.3029 o 3005 
54.52 56.14 


204.53 204.53 


(Continued on bottom of p. 1567.) 
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Table VI. — Summary op the Cation Transference Numbers for Lead Nitrate 

AT 25 0 . 

0.T002 normal. o 02994 normal. 


Cathode. Anode. 
0.494 o 481 
o . 488 o 493 
o . 480 o 489 

Mean, o 4873 o 4877 


Final value, o 4875 


Cathode Anode, 

o 481 o 489 

o 492 o 502 

o 489 o 478 

o 481 0.486 

Mean, o 4858 o 4889 


Final value, o 4874 


The results are summarized in Table VI. In deriving the final values 
equal weight has been given to the results obtained from the anode and 
cathode solutions. It is hardly possible that the error in these final 
values exceeds ±0 003 or o 6 per cent. 

7. Discussion of the Results. 

An examination of the final values given in Tables III and VI shows 
that for either salt between the concentrations o 03 and 0.10 normal 
there is no variation (greater than the probable experimental error) in 
the transference number of the cation Within this range of concentra- 
tion the values o 477 (±0 003) for thalious sulphate, and o 487 ( ±0 003) 
for lead nitrate may therefore be adopted. 

It is of inteiest to compare these values with those at zero concentra- 
tion which may be calculated from the equivalent conductances of the 
separate ions. For the ions in question Kohlrausch 1 has derived the fol- 
lowing values ; 


1 Lamiolt-Hotnsh ni-Mf vnhojjit lahilUv , p 763 (1905), also Z Rlektroclu m. t 13, 
34? (1907) The values at 25 0 have been calculated with the aid of Kohlrausch’s 
temperature coefficients A partially independent determination of An and Ago* 
from new data upon the conductance of potassium sulphate and thalious sulphate 
at i8 c ‘ and 23 0 recently obtained in this laboratory has led to the following values 
at 25 °: An ~ 76 o and Ago* - 80 o These arc seen to be closely concordant 
with those of Kohlrausch 

(Continued from />. 156O.) 


Kxpt. 


A 


e. 


No. 

4 

5 

6 

7 





Ma M 

Me 


Fart analyzed 

70 05 

65 03 

All 

All 

62 30 75 68 


197 82 

197 82 



225 07 225 07 

Grams PbCr0 4 

0 2144 

0 1997 

0 2515 

0 1635 

0 1080 0 1315 

Part analyzed 

83 10 

75 00 

All 

All 

89 26 82 35 

184 65 

184 65 



190 42 1 90 42 

Grams PbCr() 4 

0 3758 

0 3591 

0 2327 

0 1748 

0 1823 0 1685 

Part analyzed. . . 

I75 (<- 

73 55 

All 

All 

66 86 84 00 

349 9i 

149 91 

171 55 173 55 

Grains PbCr() 4 . 

0 3114 

0 3029 

0 2437 

0 1645 

0 1563 0 1964 

Part analyzed 

69 94 

92 28 

All 

All 

81 97 72.63 



155 81 155 81 

170 40 

170 40 



Grams PbCr 0 4 . . . . 

0.2606 0 3427 

0.2350 

0.1761 

0.2018 0.1785 
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At 1 8 0 1 A X j *= 66 . o ; A S q 4 ■* 68 . 4 j A pb *= 61 o ; Ajj 0# »* 61.7* 

At 25 0 : A ti = 75 9; A S o 4 = 79-3; A pb = 71.4; A no# - 70.6. 

From these values one obtains for the cation transference number, at 
25 °, 0.489 for thallous sulphate and 0.503 for lead nitrate. These values 
are 2.5 and 3.2 per cent., respectively, higher than those directly meas- 
ured at the higher concentrations. It is not certain whether these differ- 
ences are real or are due to errors in the values at zero concentration, 
which are based on extrapolations in the cases of two different types of 
salts. The fact that there is little, if any, change between 0.10 and 
0.03 normal makes it somewhat improbable that there is any considera- 
ble change below 0.03 normal. 

Assuming that the change is real, it might be due in the case of thal- 
lous sulphate to the presence of the intermediate ion T 1 S 0 4 ~ in the more 
concentrated solutions. In the case of lead nitrate, on the other hand, 
the presence of the intermediate ion N 0 3 Pb + would probably cause a 
change in a direction opposite to that of the observed one. 

The effect of the intermediate ion depends, however, on the value of 
its equivalent conductance, as will be seen from the following values of 
the transference number for thallium (T t1 ) which have been calculated 
for the two limiting cases, where the only ions present are (1) Ti + and S 0 4 "% 
and (2) T1+ and T 1 S 0 4 ~, by the expressions (1) T t1 = A T1 /(A T1 '+ A S04 ), 
and (2) T t1 — (A t1 — A X1S04 )/(A T1 4* A T1S04 ), for various relative values 
of A T1 , A S q 4 , and A T1S04 . 

Case (1). Case (2). 

For Ati = Aso 4 ** A'riso 4 : Tti ** 0.50; Tti « o.o. 

For An * A S o 4 2 Atiso 4 * Tti * 0-50; Tn ** 0.33. 

For Ati *■ Aso 4 “ 3 Atiso 4 : Tti = 0 50; Tti — o 50. 

For Ati = Aso 4 ■** 4 Atiso 4 - Tti — 0.50; Tti 0.60. 

Identical values would obviously be obtained for the transference 
number of the nitrate-ion (T NOg = 1 ^Pb) in lead nitrate for the cor- 
responding assumptions that A pb *» A NOg » 1 to 4 A NO|Pb . 

These values show that for the case that A T1 ~ A sc>4 = 3A T1S04 or 
A NOa = A pb = 3A NOgPb the presence of the intermediate ion would have 
no influence on the transference number; and, if it be admitted that the 
value of A T1 $ 04 or A NOaPb can be as small as this, no positive conclusion 
can be drawn from the results. Unfortunately, no direct information 
is at hand as to the values of these ion-conductances, and they can be esti- 
mated only on the basis of kinetic considerations or of analogies with other 
ions of corresponding molecular complexity. Comparing the T 1 S 0 4 ~ 
ion with the S 0 4 ~~ ion, or the N 0 3 Pb + ion with the Pb ++ ion, it is evident 
that, since the electric charge on the former ion is only half as great, 
the driving force would be only half as great, and that therefore, assuming 
the ion is of the same size, its velocity and equivalent conductance would 
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also be half as great. If, however, the intermediate ion is formed by 
direct union of the T1+ and S 0 4 or the Pb ++ and N 0 3 ~ ions, it might be 
expected that the ion would be larger than either of its constituents, so 
that its equivalent conductance would be less than one-half, and might 
well be approximately one-third, as great as that of the simpler bivalent 
ion. 1 It is, on the other hand, not improbable that the union of the sim- 
ple bivalent and univalent ions to form the univalent intermediate ion is 
attended with a dehydration, since the relatively small conductance of 
the simpler bivalent ions indicates that they are, as a rule, more highly 
hydrated than the univalent ones. If this is the case, the conductance 
of the intermediate ion might have any value less than that of the con- 
stituent univalent ion. Of ions of composition and complexity analogous 
to T 1 S 0 4 ~ the hydrosulphate ion (IIS0 4 “) and ethyl sulphate ion (C 2 II 5 S 0 4 ~) 
seem to deserve especial consideration. For the former, at 25 °, Noyes 
and Stewart 2 have recently concluded that the value lies between 35 and 
40, and for the latter Loeb and Nemst 3 found the value 39, while that 
for vS 0 4 ’ = is 79.3. Judging from these analogies, the value for T 1 S 0 4 ~ 
might also be about one-half that for S0 4 . 

These statements make clear how the matter stands. The fact that 
the transference numbers of both thallous sulphate and lead nitrate 
show little if any change with the concentration up to o i normal does 
not piove that the intermediate ions of these salts are not present in con- 
siderable quantity at the latter concentration, for it is possible that the 

1 Prof O N Lewis has Miggested the following hypothesis, which requires in 
the special case here considered that the conductance of the intermediate ion be one- 
third that of the constituent ions, and which lequires in general that the conductance 
of the intermediate ion has such a value that the transference number would not be 
influenced by its presence “By the dissociation of a strong electrolyte the typical 
physical properties (optical, thermal, volume, etc ) suffer no appreciable change. This 
is also true of the further dissociation of such intermediate ions as KS0 4 “, BaNO^ , if 
they exist Tt would not, however, be true of such ions as HCbOy or HS( V, tbe dis- 
sociation of which is attended by a noticeable heat change The intermediate ions of 
the former class are probably loose aggregates in which the constituent parts are not 
in such intimate proximity as to effect their individual properties. It may be as- 
sumed, therefore, that their constituents will show the same resistance to motion 
through the solution as they show when free. Considering now a salt A S B yielding 
the ions and AB~ , whose specific resistances are represented by Ra* &B* 

Rab* this assumption requires that Rab ** Ra 4- Rb, and that the corresponding 
12 11 AaAb 

mobilities be ^ A B - ^ and A ab - I<A + ^ ” 2 ' i “ 7 a A + A B 

A B A A 

This can be shown to he the general condition that the transference number is inde- 
pendent of the amount of intermediate ion. In the special case in which A a “ Ab, 
it is obvious that Aab — V 3 A a” 

* This Journal, 32, 1142 (1910). 

1 Z. physik . Chem 2, 962 (1888). 
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conductance of these ions has such a value as to make the transference 
numbers independent of the character of the ionization. Unless some 
general hypothesis, like that suggested by Lewis, can be substantiated, it is 
somewhat improbable that the conductance should have this unique 
value, which is less than that for other univalent ions of similar complexity, 
in the case of any one salt; and it becomes more improbable that this 
should be true in the case of a number of different salts. Yet this in- 
vestigation and the previous one 1 made in this laboratory have shown that 
four different tri-ionic salts, potassium sulphate, thallous sulphate, bar- 
ium nitrate, and lead nitrate, all show the same substantial constancy 
of the transference numbers up to a moderate concent lation. 2 Some 
degree of probability therefore attaches to the hypothesis that such 
tri-ionic salts do not as a rule give rise to intermediate ions, at any rate 
in quantity exceeding a few per cent, at o 1-0 2 normal; but that they 
dissociate directly into thiee ions. At any rate the statement can be 
made with positiveness that the transference relations of these tri-ionic 
salts afford no indication of the presence of intermediate ions; but whether 
this is due to the non existence of such ions or to the fact that they have a 
conductance of such magnitude as not to influence the transference cannot 
be definitely stated. 

8. Summary. / , 

In this paper have been described transference experiments with o 03 
and o 1 normal solutions of thallous sulphate and lead nitrate at 25 °. 
The cation transference numbers found for the thallous salt are 0.479 
at 0.03, and 0,476 at o 1 normal, and for the lead salt 0.487 at both 
concentrations. The changes in content at both electrodes and in the 
middle portions have been determind, thus fixing the limit of error in the 
results, which can hardly exceed ±0 003, or about o 5 per cent. The 
transference number at zero concentration as calculated from Kohl- 
rauseh’s extrapolated values of the equivalent conductances of the sepa- 
rate ions is o 489 for thallous sulphate and o 503 for lead nitrate; thus 
2 5 to 3 2 per cent, higher than the values found by direct measurement 
at o 03 -o 10 normal. Whether this change of the transference num- 
ber with the concentration is real, is uncertain. Even if real, it is small, 
and lies in the case of thallous sulphate in the direction probably required 
by the presence of the intermediate ion; in the case of lead nitrate, in the 

1 A A. Noyes, Ibnl., 36, yy (iyoi) 

a Almost all the other tri ionie salts that have been accurately investigated are 
halides, the transference numbers of which as a rule change considerably with the con- 
centration in a direction opposite to that which the presence of the intermediate ion 
would require, an etlect which is not improbably due to the presence of complex anions. 
The existing data will be more fully considered with reference to the question here 
under discussion in a critical review of the results of transference experiments now 
under preparation. 



SILVER DEPOSITS PROM VARIOUS ELECTROLYTES. 1571 

opposit direction. The theoretical bearing of the results is discussed 
in the last two paragraphs of the preceding section. Taking also into 
consideration other accurate transference values for tri-ionic salts pre- 
viously determined, it has been there shown that transference experiments 
make necessary one of two alternative conclusions: either the intermedi- 
ate ion is not formed in any considerable proportion by the dissociation 
of tri-ionic salts up to moderate concentrations (0.1 to 0.2 normal), or else, 
if it is formed, its equivalent conductance has a defmit value of such 
magnitude that the transference number is independent of its concen- 
tration. 

Boston, September, 1910. 


[Contribution from tub Ciiemk \i, I.abor \tory or the Ohio State University.] 

THE CHARACTER OF SILVER DEPOSITS FROM VARIOUS ELEC- 
TROLYTES. 

By Jomah Simpson Huc.iu -, 1 and Jamis R Withrow 
Received September 27 , 1910 

111 sonic work previously undertaken by one of us it became of inter- 
est to know the conditions which would give silver deposits of various 
properties or characteristics The discussion of this general subject 
by Bancroft- is of great assistance in indicating the variations of condi- 
tions which favor satisfactoiv deposition. The influence of each par- 
ticular electrolyte on these conditions and the minor details of the de- 
posit characteristics is a matter for experimentation, in this connec- 
tion Snowdon has gone thoroughly into the deposition of silver from nitric 
acid and potassium cyanide, using the rotating cathode. Other electro- 
lytes have been used from time to time, especially in electroanalysis. 

It was thought therefore that a repetition of some of the earlier work 
done on the electrolytic determination of silver would not only be help- 
ful in the direction desired but would also be of interest from an analytical 
view point. The results included here give the outcome of some of these 
experiments, together with a summary of a series of trials made with 
new electrolytes. 

The same dish cathodes were used that were employed in the work on 
copper. 4 The anode also was the same except that the diameter of the 
spiral was 5 cm. in the present case. The current was supplied by storage 
cells and was measured by Weston, Model 57, switchboard instruments. 
The ammeter had a range of one ampere and the scale was divided into 
hundredths. The voltmeter had a range of six volts and the scale was 

1 The major portion of this work is taken from Mr, Hughes’ thesis for the M A. 
degree, Ohio State University. 

2 /. Phvsic. Chcm ., 9, 277. 

• Ibid., 9, 399. 

4 This Journal, 30, 381. 
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divided into twentieths. All readings given herein are direct instrument 
readings and are not referred to the “normal density.” 

During electrolysis the anode was held 2 cm. above the bottom of the 
dish so that the distance from all parts of the cathode was nearly equal. 
The total dilution was always 125 cc., giving an estimated effective 
cathode area of no sq. cm. The time factor in the table is not of much 
importance, because in many cases the experiment ran all night and the 
silver was doubtless all out some time before the electrolysis was stopped. 
Sufficient silver nitrate solution was taken in each experiment to give 
the amount of silver indicated in the tabic as being present. Ammonium 
sulphide was used to test the end points. The following is a list of the 
liquid reagents used, together with their specific gravity in each case: 
Nitric acid, 1.42; ammonium hydroxide, o 90; sulphuric acid, 1 84; 
perchloric acid, 1 12; and hvdrofluosilicic acid, 1.06. Normal NaOH 
.solution was used for this reagent. The deposits were washed and dried 
in the usual manner 1 before weighing. All data here given were obtained 
without agitating the electrolyte. 

Since the early workers gave very few details of their work it is impos- 
sible to repeat it exactly. About all one can do in many cases is merely 
to use the same electrolyte and often the concentration of that is not 
known. 

The first table gives the results obtained in the quantitative examina- 
tion of electrolytes hitherto in use for various purposes. 

The experiments with the nitric acid electrolyte showed that dense 
deposits cannot be obtained if the voltage is too high. WJien the volt- 
age was kept lower, however, the deposits were good and of a crystallin 
nature. This is in agreement with the work of Kuster and von Stein- 
wehr 2 with this electrolyte. Although sponginess is entirely avoided 
when the voltage is kept below 1 4 volts, yet the silver is deposited so 
slowly that there is a tendency for the crystals to grow large and become 
easily detached. Dense adherent deposits can be obtained without 
much difficulty, however, if the rotating anode is used. With stationary 
electrodes it was impossible to set the voltage at 1.3 volts, for instance, 
and expect it to remain there, for with this electrolyte especially it soon 
begins to rise and thereby passes the point at which discoloration and 
sponginess appear on the cathode. If the voltage was kept below 1 35 
the deposit was smooth and white, finally becoming visibly crystallin. 
If after such a deposit is well under way, the voltage is raised to 1 . 5-1 . 8 
volts, the deposit almost instantly darkens and then becomes spongy. 
If now the voltage is again lowered to 1 .3 volts, there is a flash of white 
as the whole turns this color without even apparently affecting the de- 

1 This Journal, 30, 382, 

* Z. Elektrochemie, 4 , 451 . 
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Ag . 

Electrolyte. 


Current. 

Temp. 




No. 

pTvcicnit 

Gram, 

Reagent. 

Amount. 

Ampere 

Volts. 

v-tnu* 

grade. 

Hours. 

Ag found. 
Gram, 

chaincteristics. 

1 

0.2505 

HNO a 

4 cc. 


0 07 

1 5 

25° 

12.0 


Spongy 

2 

0.0312 

HNOa 

3 cc. 


0 07 

1 5 

25° 

13 0 

0 0315 

Spongy 

3 

0 0312 

HNOa 

3 cc. 


0 07 

1 5 

25° 

10 0 

0 0305 

Spongy 

4 

0.2505 

HNOa 

4 cc 


0 04-0 001 

1 2 - 1 35 

[ 25° 

14 0 

0.2503 

Crystallin 

5 

0.2505 

HN() S 

4 cc. 


0 03 0.001 

l 1-1 4 

25° 


0.2506 

Crystallin 

6 

0 2505 

J N!I 4 oII 
\ (NlUaSO* 

5 cc 

12 g. 

l 

\ 

0 05 

1 6 - 2.0 

25° 



Very spongy 

7 

0 2505 

f NH 4 OH 
t (NH 4 )sS04 

1 cc 

12 g. 

I 

0 04 

1.4-2 0 

25° 



Very spongy 

8 

0.2505 

j N1LOH 
l (NH 4 )*so 4 

0.5 cc 

12 g. 

} 

0.04 

1.4-1 .9 

25° 



f Spongy Anode 
^ deposit 

9 

0 2505 

j NILOIl 
l (NID 3 S 04 

10 or 
12 g 

1 

0.03-0.02 

1 . 2 - 2.0 

25° 



Spongy 

10 

0 2505 

f NILOIl 
\ (NIi 4 )aSU 4 

25 cc 

12 g. 

} 

0.04-0 001 

1 .0-1 3 

25° 

14.0 

0 2504 

Good, crystallin 

11 

0 2505 

1 NILOIl 
\ (NlDaSOa 

25 cc 

12 g. 

} 

0 08-0 001 

l . 0 - 1 .5 

55° -65° 

7.5 

0.2510 

Slightly dark 

12 

0 2505 

( NH 4 OH 

1 (NIDaSOa 

2 cc 

10 g 

} 

0 05-0.001 

10 14 

65 J 

7 5 

0.2514 

Slightly dark 

13 

0 2505 

1 NH 4 OH 

\ (NH 4 ^S0 4 

1 cc. 
10 R 


0 03 -0 001 

1 0 - l 8 

25° 

15 0 

0 2513 

Dark 

14 

0 2505 

( NH 40 H 

1 (NID 2 S 04 

1 1C 

10 g 

\ 

i 

0 03-0 001 

1 0 

25° 



Anode deposit 

n 

0 2505 

f NILOIl 
\ (NID 2 SO 4 

2 cc 

10 g 

) 

f 

0 03-0 001 

1 0-1 9 

60° 

8 0 

0.2516 

Dark 

16 

0 2505 

f NH 4 OU 
\ (NFDjSO, 

2 cc 
10 y 

) 

1 

0 03-0 001 

l 0-1 4 

60° 


0 2508 

Not so dark 

17 

0 2505 

f NILOIl 
t (NH 4 ) 2 HP0 4 

10 g 

l 

J 

0 07-0 002 

1 0-1 7 

60 7 0 0 

5 0 

0 2502 

Crystallin 

18 

0 2505 

j NILOIl 
l (NID 2 IIPO 4 

3 cc 
25 g 

} 

0 1 -0 001 

1 . 2-1 8 

25° 

16 0 

0.2508 

Crystallin 

19 

0 2505 

( NH 4 OH 
l N;i4lV>7 

5 cc 
A K 

1 

( 

0 05-0 002 

1 2-1 9 

25° 

14 0 

0.2509 

Crystallin 

20 

0 2505 

I nh 4 oh 

l N«l4p2°7 

10 cc 

5 g 

1 

1 

0 05-0 001 

1 2-1 9 

25° 

14 0 

0 2506 

Crystallin 

21 

0 250 5 

f HNO a 

1 NILC 2 II 3 O 3 

5 cc 
25 g 

} 

0 07-0 001 

10 17 

60° 

6 0 

0 2506 

Good, crystallin 

22 

0 2505 

KCN 

2 g 


0 02-0 03 

2 0-2 5 

25° 

12 0 

0 2506 

White 

23 

0 2505 

KCN 

2 g. 


0 07 

2 5-3 0 

25° 

13 0 

0 2515 

Brownish 

24 

0 2505 

KCN 

2 g. 


0 07 

2 5-3 0 

60 ° 

7 0 

0 2507 

White, good 

25 

0 2505 

KCN 

2 g. 


0 07 

2 5 

25° 

15 0 

0 2514 

Slightly dark 

26 

0.2505 

KCN 

2 g 


0 07 

2 5 

05 o -70° 

4 0 

0 2504 

White 


posit in any other way than color. Even the most delicate cauliflower- 
like effect of some spongy deposits is merely changed from dark (even 
black) to spotless white. This change is so closely connected with the 
change in voltage that it suggests its possible utilization in detecting the 
maximum allowable voltage for useful deposition from electrolytes which 
show the phenomenon. Nothing further could be done with it, however, 
at this time. 

With the higher voltage much hydrogen is liberated at the cathode. 
This obviously reduces the cathode area and in this way greatly increases 
the effective current density. Conditions of this kind would naturally 
be expected to give rise to poor metallic deposits. 

Once upon reducing the voltage in the manner described above, the 
deposit soon became a mass of needles a half millimeter or more in length. 
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Then when the voltage was raised to i .6 volts bubbles of gas collected at 
once between the needles and did not visibly disengage themselves. This 
so reduced the cathode surface that only the termination of the needles 
was the effective cathode. This was shown by the fact that the termina- 
tions became like jet and stood out in marked contrast on the white 
background. Reducing the volts to i 3 changed these terminations at 
once to their original white color. 

In order to study the black deposit, often obtained, a heavy one was 
secured. The voltage was then reduced to 1.2 volts. This caused the 
usual flash of white metallic silver which covered everything that was 
black just before. The current was then reversed without disturbing 
anything in the dish. The double layer deposit (as it appeared to be) 
was now the anode and it almost completely corroded off without chang- 
ing from the color of the later deposit of silver. That is, the layer of 
black which was laid down first on the cathode never became visible on 
what was now the anode. Although this is not delink proof, it seems to 
indicate that the white flash is a real bleaching or change in color of the 
black silver itself. 

In the work with nitric acid there was often a tendency toward the 
formation of the well-known black, crystallized deposit on the anode. 

Beautiful silvery deposits, difficult to distinguish from the dish, were 
often obtained at first from the ammonium sulphate-ammonium hydrox- 
ide electrolyte. Some of these deposits were like burnished silver but as 
the deposits became heavier they became more velvet-like and as the 
voltage ran above 1 4 volts they darkened. Rarely, however, did they 
develop sponginess as rapidly or to the same extent as those from nitric 
acid. 

Number 9 started well but later became spongy. The 10th 
result and the beginning of number 9 show the favorable 
effect of lower voltage than was used at first. Experiments 11 to 16, 
inclusive, give in each case darkened deposits of varying intensity of 
shade. All of them were made with higher voltage. Some of them were 
run at elevated temperature but without any appreciable effect other 
than the usual corresponding shortening of the time necessary for com- 
plete precipitation. The weights of the deposits also in all cases with 
this electrolyte were high except when the pressure was kept below 1.4 
volts. This is in agreement with the experience of Krutwig, 1 who pro- 
posed this electrolyte. 

On a few occasions, when only a small amount of ammonium hydroxide 
was used with the ammonium sulphate electrolyte, the first layers of 
silver which came down were purple in color, changing in places to a deep 
blue color. This calls to mind at once the blue form of silver made by 
1 Ber. t 15, 1262. 
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Carey Lea years ago. Snowdon 1 seems to have encountered this under 
other circumstances. The deposits here mentioned were not as uniform 
as Snowdon obtained when he used a colloidal addition agent. None of 
the deposits made at i 5 volts were adherent The simultaneous dark- 
ening of the deposits and excess weight might be explained by the as- 
sumption of the formation of silver sulphide at the cathode. The func- 
tion of the ammonium hydroxide appears to be the prevention of anodic 
deposit formation. When the amount of this reagent was lessened there 
was an anodic deposit as was found in experiments 8 and 14. 

When ammonium sulphate was employed in the absence of ammonium 
hydroxide there very quickly formed on the anode a heavy black deposit 
which shone at times like polished graphite This deposit w T as at once 
dispelled upon the addition of a few drop* of ammonium hydroxide. 

In experiment 17 sullicient ammonium hydroxide was added to dis- 
solve the precipitate first formed. When the aminoniacal phosphate 
and pyrophosphate* electrolyte s were used the deposits were crystallin 
in every case. Mere also, however, too high voltage causes sponginess. 

The potassium cyanide used in the experiments w r ith this electrolyte 
was the commercial grade* Mos* of the deposits from this electrolyte 
were white and good. The quantitative results seem to be best when an 
elevated temperature is used The dark effect which appeared in the 
eleetrohte around the anode seemed to migrate to the cathode. There 
was alwaxs a slight black residue left afte* dissolving the silver deposit 
in nitric acid This substance resembled carbon and disappeared when 
the dish was heated but was not identified 

The final table shows in a compact way the general results obtained 
when using other electrolytes than those mentioned in the literature. 
The experiments are all qualitative and were made to determin the 
character of the resulting deposits. The fluosilicic acid electrolyte 
is not new, although given in the final table. It has been used by Jarvis 
and Kern in tlieii study of the effect of addition agents on the density 
and coherence of silver deposits This article is only accessible to us 
through abstract. 3 The abstract gives no information, however, con- 
cerning the nature of the deposits obtained from this particular electro- 
lyte. We only examined the electrolyte qualitatively and hence put it 
with the other qualitative results. 

The deposits from sulphuric acid and glycerol were so coarsely crys- 
tallin as to be non adherent. The sodium and ammonium hydroxide 
mixtute gave a fairly adherent deposit. The deposit in experiment 8 
was not so coarse as in the preceding experiments. The fluosilicic 

1 J J’hysu. Chon., 9, 397. 

3 School Mines OuatL , 30, 100 
* them Abs., 3,1495. 
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acid seems to be the most satisfactory of any of the last electrolytes 
tried. At 50° there was no oxide on the anode, and the deposit did not 
become spongy at as low a voltage as in the other cases. 


Electrolyte. Current. Temp. 

. Centl- 


No. 

Reagent. 

Amount. 

Ampere, 

Volts 

grade 

Anode deposit. 

Cathode deposit. 

I 

h 2 so 4 

I-IO cc. 



25 ° 

Oxide each time 

Coarse, crystallin 

2 

{h 2 so 4 

) Glycerol 

10 ec. 1 

I CC.) 

O 05 

1-3 

25 ° 

None 

Coarse, crystallin 

3 

Same 

Same 

0 07 

1 *5 

25 ° 

None 

Spongy 

4 

nh 4 cns 

5 g 

0 05 

1 . 1 

25 ° 

Sulphur 

Black 

5 

jNaOH 

|nh 4 oh 

2 cc ? 

4 cc ) 

0 04 

1 . 1 

25 0 

None 

Coarse, crystallin 

6 

Same 

Same 

0 08 

1.6 

25 0 

None 

Spongy 

7 

(nh 4 oh 

}hcio 4 

4 cc. ? 

3 cc ) 

»o 

O 

O 

1 .2 

25 ° 

Oxide 


8 

Same 

1 ::} 

0.04 

1 1 

25 0 

None 

Crystallin 

9 

Same 


O.08 

i-7 

25 ° 

None 

Spongy 

10 

K 2 F 2 

i -5 g- 



25 ° 

Oxide each time 

Coarse, crystallin 

11 

HgSiF a 

5 cc. 

O 08 

i.3 

25 ° 

Oxide 

Coarse, crystallin 

12 

H 2 SiK 6 

5 cc. 

0 . 1 

1 *4 

Ol 

0 

0 


Good 

13 

H 2 SiF fl 

5 cc. 

0.2 

i '7 

50 ° 


Spqpgy 


Summary. 

1. The general characteristics are described of the silver deposits 
from a variety of electrolytes. 

2. With all the electrolytes tried except cyanide W, Ik i s a point at 
about 1.4 volts beyond which, with the conditions ' nt a< used, spongy de- 
posits will result. With cyanide this point is much higher. 

3. Satisfactory conditions have been tabulated for the quantitative 
precipitation of silver from several electrolytes. 

4. Several other electrolytes have been tried which seem worthy of 
further investigation. 

Columbus. Ohio. 


RATE OF HYDRATION OF PYROPHOSPHORIC ACID. 

A CORRECTION. 

By G. A. Abbott. 

Through the kindness of Dr. J. M. Bell, of the University of North 
Carolina, my attention has recently been called to the fact that the ex- 
perimental data given in Table IV of my article on the Rate of Hydra- 
tion of Pyrophosphoric Acid 1 are not consistent with the statement in 
the text that the specific conductance of a mixture of the pyro and ortho 
acids is a linear function of its composition. Through a regrettable error 
1 This Journal, 31, 766 (1909). 
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in copying, the wrong data were included in the table referred to, and it 
is the purpose of this note to present the correct ones. The following 
table should be substituted for that given in the article: 

Table IV.— Specific Conductance (T,) x io° of Mixtures of Pyro- and Ortho- 

phosphoric Acids at i8°. 


At wts. P 

Per cent P as ortho acid. 

100 

75 

50 


0 

per liter. 

Per cent. P as pyro acid. 

0 

25 

50 

75 

100 

O I 

Found 

9650 

11640 

13650 

15610 

17690 


Calculated 


1 1660 

13670 

15680 


O 05 

Found ... 

6135 

6992 

7874 

8726 

9622 


Calculated. . 


7007 

7878 

8750 


O.Ol 

Found 

2030 

2154 

2275 

2388 

^517 


Calculated . 


2152 

2274 

2395 



The degree of the divergence from a linear relation between conduc- 
tance and composition will be seen by comparing the found values with 
the calculated ones given in the rows just beneath them. These calcu- 
lated values were obtained by the expression xh 0 4- (1 — #)Iy p , where 
x represents the fraction of the phosphorus present in the mixture as 
ortho acid, L () the conductance of the pure ortho acid, and L that of 
the pure pyro acid. It will be seen that the difference is largest in the 
case of the mixtures with 25 per cent, ortho acid, but that even in this 
case it averages only about o 4 per cent. 

This opportunity may be also utilized for correcting the following 
typographical errors in the article on The Ionization Relations of Ortho- 
and Pyrophosphoric Acids and their Sodium Salts, by Abbott and Bray: 1 

On page 742, line 19, insert A" B in the denominator of the expression 
for K 3 . 

On page 751, line 14, read 353 8 instead of 358 8. 

On page 751, last two lines, read K' v for K ' 2 and K ' 2 for K\. 

On page 753, in Fig. 2, read Na 4 P 2 0 7 in place of Na 4 P 4 C) 3 . 

On page 762, in Table XXIII, read II 2 P 0 4 " in place of HP 0 4 ~ and 
H a P 3 0 7 ~ in place of HP 2 0 7 “. 

Univ. ok North Dakota, Oct., 1910. 


[Contribution from the Chemical Laboratory of Harvard University ] 

A REVISION OF THE ATOMIC WEIGHT OF CALCIUM. I. ANALY- 
SIS OF CALCIUM BROMIDE. 

By Theodore W. Richards and Otto H6nigschmid. 

Received October 24, 1910. 

Introduction. 

During the last fifty years the atomic weight of calcium has been re- 
peatedly investigated, but most of the investigations have not led to 

1 This Journal, 31, 729 (1909). 
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very favorable results. According to the opinion of Brauner,* one of the 
most competent of modern critics, only two of the modern researches, 
namely that by one of the present authors- and that by Hinrichsen, 8 are 
to be considered as free from serious error. 

♦ The investigation of the atomic weight of calcium was undertaken at 
Harvard about fifteen years ago, and preliminary determinations were 
made upon the relation of calcium chloride to silver chloride, resulting 
in a value for the atomic weight of calcium of 40 085, if silver and chlorine 
are given the values of 107 88 and 35.457, respectively. Hinrichsen, on 
the other hand, without knowledge of the Harvard work, used the old 
method of converting calcium carbonate to oxide, obtaining therefrom a 
much higher value, 40 139. Before Stas’ atomic weight of silver (107.93) 
was found to be in error, the two results seemed to be fairly consistent, 
but with modern values the difference is considerable. 

This difference between the two values suggests the importance of a 
new determination of this important constant, especially because each 
of the earlier investigators had used only one method. We accordingly 
began the investigation with the analysis of calcium bromide, and deter- 
mined not only the amount of silver needed to precipitate the bromine, 
but also the amount of silver bromide obtained. As will be seen, the 
results supported rather the earlier Harvard work than th# higher value 
of Hinrichsen, The outcome of this investigation of the bromide (Ca — 
40.070) is slightly lower even than the value obtained from the chloride. 
Further work upon the chloride has already been begun ami it is hoped 
that further results upon this subject also may be communicated in the 
near future. 

It is a pleasure to express our obligation to the Carnegie Institute of 
Washington for generous pecuniary assistance, without which much of 
the apparatus necessary in this investigation could not have been pro- 
cured. 

Preparation of Materials. 

During the earlier work upon the atomic weight of calcium, undertaken 
fifteen years ago, certain tests were made concerning the adequacy of the 
purification of calcium nitrate from magnesium and from allied elements. 

A concentrated calcium nitrate solution containing some magnesium 
was treated with milk of lime, and the solution w r as allowed to stand 
for three days, being shaken repeatedly. One-tenth liter of the super- 
natant solution, containing about 25 grams of calcium nitrate, was di- 

1 Brauner, Abegg’s "Handbuch der anorganischen Chemie,” II, [2] 175 (1905) 
[Leipzig]. 

2 Richards, This Journal, 24, 374 (1902); Z. anorg Chem., 31, 271 (1902); *‘Ex- 
perimentelle Untersuchungen,” 626 (1909). 

8 Hinrichsen, Z. physik. them., 39, 31 1 (1902); 40, 746 (1902). 
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luted to 0.3 liter and made strongly alkaline with ammonia. Fifty grams 
of ammonium chloride were added and the calcium was wholly precipi- 
tated hot by excess of ammonium oxalate. No magnesium whatever 
could be found by the usual phosphate test in the filtrate, showing that 
the treatment with lime eliminates most of the magnesium ; but the lest 
does not conclusively prove that all the impurity is removed, for a trace 
might have been carried down with the oxalate, and thus have escaped 
detection. It will presently be shown that the crystallization of the ni- 
trate is an effective means of removing the last traces of magnesium, if 
any such are present. 

Turning now to the removal of barium and strontium from the cal- 
cium precipitations, an effort to accomplish this by means of sulphuric 
acid may first be described First a 20 per cent, solution of calcium ni- 
trate was treated with a small quantity of sulphuric acid, enough to pro- 
duce a small precipitate, and this precipitate was tested carefully for 
strontium and barium with negative results The successive addition, 
three times, of small further weights of sulphuric acid likewise gave no 
test for strontium or barium, in spite of the fact that the solution was 
known to contain a precipitable amount of strontium and a trace of 
barium. 

There 1 is indeed nothing surprising in this observation; it is owing to 
the fact that the solubility of any electrolyte in a solvent containing differ- 
ent 10ns is so much increased that the last traces cannot be eliminated 
by any ordinary process of precipitation. In order to eliminate the im- 
purity, the desired substance, not the impurity, must be separated out. 

Abandoning now these methods of purification, which rest upon a 
wrong principle, the following test was made of the lecrystallization of 
calcium nitrate. To 200 grams of a fairly pure sample of calcium nitrate 
were added 2 grams each of barium, strontium and magnesium nitrates. 
The mixed solution was then concentrated and about three fourths of 
the calcium nitrate w T as crystallized from it by cooling. In the mother 
liquor strong tests for barium, strontium and magnesium could be ob- 
tained, while in the crystals indications of these impurities were much 
feebler, although still unquestionable. The crystals were dissolved and 
recrystallized twice. The third mother liquor gave no test whatever 
for magnesium by means of phosphate solutions in the usual way, or for 
strontium in the spectroscope, but gave a very faint precipitate w r ith sul- 
phuric acid, vshowing the presence of barium. The crystals contained 
much less barium. 

It is clear that when the calcium nitrate is recrystallized, these other 
contaminating nitrates tend strongly toward the mother liquor. Hence 
it is not surprising that the next crystallization, the fourth, yielded crys- 
tals in which no impurity whatsoever could be found by any ordinary 
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tests. If four crystallizations can accomplish this, when as much as 
three per cent, of impurity is present, it is clear that when the initial 
purity is greater, the product must be exceedingly pure, especially upon 
still further crystallization; for in the distribution between the crystals 
alld mother liquor, each mother liquor tends to hold the greater part of 
the contaminating substance. Hence both in the earlier investigation 
and in the present one, as well as in any other investigation in which pure 
calcium salts are needed, it was our invariable practice to purify the ma- 
terial through the recrystallization of the nitrate. 

Calcium Nitrate . — For the present investigation 2 kilograms of a good 
quality of marble were dissolved in a small excess of the purest com- 
mercial nitric acid and the solution was boiled with chlorine water in 
order to oxidize the iron — an end effected only very slowly by dilute 
nitric acid. Pure milk of lime was then added in slight excess in order 
to precipitate the iron and magnesium. The clear filtrate, after the 
separation of the impurities in solid form, was evaporated to crystalliza- 
tion; and the nitrate was crystallized five times in porcelain vessels and 
yet five times more in platinum vessels. Each crop of crystals was thor- 
oughly freed from mother liquor by means of a centrifugal machine, at 
first of porcelain, afterwards of platinum, so that the final crystals came 
in contact with nothing but the noble metal. * 

A second specimen of calcium nitrate was prepared from pure calcium 
carbonate which had been precipitated from nitrate prepared in the 
manner above described, but with fewer crystallizations. The* carbonate 
was precipitated by means of ammonium carbonate and was washed by 
repeated decantations and centrifugal action. It was finally dissolved 
in the purest nitric acid and the nitrate was crystallized four times from 
the purest water in platinum vessels and whirled in the platinum centri- 
fuge. This calcium nitrate (Sample 2) was used as the basis for the 
preparation of most of the calcium bromide. 

Calcium Carbonate . — From the solution of calcium nitrate thus pre- 
pared the carbonate was precipitated by means of very pure ammonium 
carbonate. For the preparation of this substance in a state of sufficient 
purity, the purest ammonium carbonate of commerce was distilled with 
water by means of a platinum cooler. The distillate was collected in a 
platinum flask containing thrice distilled water, cooled with ice out- 
side. The precipitation of the calcium carbonate was conducted at 100 0 
in a platinum vessel and the precipitate was repeatedly washed with the 
purest water and centrifugally freed from adhering wash water. The 
pure carbonate was preserved in a platinum dish in a desiccator contain- 
ing lime made from pure marble, in order to protect it from the access 
of impurity from glass and from the atmosphere of the laboratory. It 
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is needless to say that carbonates are especially liable to be contamina- 
ted by traces of any strong acid in Iheir neighborhood. 

Hydrobromic Acid . — This acid, which was used in very large amounts, 
was made by the catalytic action of hot platinum on the mixture of Ijy- 
drogen and bromine vapor. The bromine was prepared from a mixture 
of pure bromide and bromate by means of sulphuric acid and was still 
further purified before it was united with the hydrogen. 

The bromide had been made from bromate, and this had been many 
times recrystallized in order to free it from traces of chloride and chlorate. 
The bromate, and therefore the bromide, made from it, were almost, 
if not quite, free from iodine, as far as any ordinary test could indicate. 1 

The purest concentrated sulphuric acid of the laboratory was used 
for the decomposition of the mixed bromate and bromide, and the reac- 
tion was carried out in a flask, into which was ground a glass stopper 
containing a drop funnel and the tube for leading off the bromine vapor. 
The flask was partly filled with a cold saturated solution of potassium 
bromide, and the calculated weight of the bromate was added in solid 
condition. The exit tube was led into another flask partially filled with 
the purest water and packed in ice; and the reaction was carried out by 
the gradual dropping in of the acid and gentle Warming. There was no 
difficulty in regulating the speed of the reaction in this way. I11 each 
operation only about 50 grams of bromine were prepared, but as this 
was repeated twenty times, about a kilogram was finally obtained. The 
bromine thus prepared was purified by solution in a concentrated solu- 
tion of calcium bromide (made from the same bromine and pure halo 
gen-free lime, according to Stas’ method) and the pure bromine was 
finally once more distilled. 

From this bromine, hydrobromic acid was made, as already stated, 
through direct union of the components with catalytic acceleration by 
means of platinum asbestos. The hydrogen was prepared through the 
action of so called “hydrone” (an alloy of lead and sodium) upon water. 
The gas was passed through a drying apparatus filled with stick potash, 
next through a gas- washing bottle filled with the pure bromine, and 
finally into a Jena hard-glass tube in which platinum asbestos was heated 
by means of an electric furnace to about 400 °. The hydrobromic acid 
w'as led into pure w r ater and cooled by ice. The dilute solution of hydro- 
bromic acid thus made always contained an excess of bromine; upon dis- 
tillation, this bromine, together with any possible traces of iodine which 
might have been present, came over first and was discarded. The main 

1 These materials were both presented to us by Mr. H. H. Dow, of the Midland 
Chemical Company, Indiana. We take pleasure in acknowledging our indebtedness 
to him for his generosity and for the trouble which he took in conducting very care- 
fully the preliminary purification of large amounts of both substances. 
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portion of the acid was distilled and condensed by means of a quartz 
cooler, and the distillate was collected in a quartz flask. 

Calcium Bromide . — All the calcium bromide used in the investigation 
was prepared with hydrobromic acid made in this fashion. The pure 
specimens of calcium carbonate were in the first place heated in an elec- 
tric oven until wholly dry and free from traces of ammonium salts which 
always cling to carbonate prepared as this had been. Even if traces ol 
the ammonium salts remained after this treatment, they would not have 
been harmful; for they must have been wholly volatilized at the high 
temperature to which the calcium bromide w T as subsequently heated. 
Calcium carbonate thus dried was added in small portions to the pure 
acid in the quartz flask as long as evolution of gas continued. The solu- 
tion was then slightly acidified, transferred to a quartz dish and concen- 
trated upon an electric stove. The solution always became yellow, be- 
cause traces of calcium nitrate (held by the calcium carbonate) invariably 
set free corresponding traces of bromine during the evaporation. 

In these quartz vessels the bromide was recrystallized; thus from be- 
ginning to end neither the factors nor the product of the reaction came 
into contact with glass. The first specimen of calcium bromide was 
nine times crystallized, during which process of course the greater part 
of the salt found its way into the mother liquors, and only substance 
enough for two analyses (Nos. 16 and 17) was obtained. The substance 
from the mother liquors, after four recrystallizations, w r as used for pre- 
liminary determinations. 

A second preparation of bromide was made out of the second prepara- 
tion of nitrate in a similar manner except that the bromide was crys- 
tallized only four times. This preparation served for all the final analyses 
with the exception of the two mentioned above. 

Before the final crystallization in each case the solution was filtered 
through a platinum Gooch- Munroe crucible. This is important, for in 
spite of the greatest possible care traces of dust find their way inevitably 
into the solution and are held by the crystals, appearing in the fused 
calcium bromide at the end as minute black specks of carbon. When 
the salt has been filtered just before the last crystallization, such unde- 
sirable irregularities are absent. The efficacy of the process of purifica- 
tion was in every case greatly increased by means of the centrifugal 
drying of the crystals with the help of a centrifuge composed of swinging 
platinum funnels driven at a high speed by an electric motor. All the 
operations of transference and evaporation w r ere effected inside of a glass 
house erected on the laboratory desk, composed of large glass plates 
held together by a light framework of wood. These plates had been 
carefully rounded on the edges with a file and protected by split rubber 
tube, so as to protect the edges and prevent the rubbing off of small par- 
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tides of glass. An electric stove with a quartz top provided a source 
of heat for all these operations. 

Silver -The silver was prepared in a manner essentially similar to that 
used in other recent investigations in Harvard University. It was many 
times recrystallized as the nitrate, precipitated as pure silver by means 
of ammonium formate, and fused on boats of pure lime in a stream of 
pure dry hydrogen. For further particulars previous papers from this 
laboratory should be consulted. 1 

The Drying and Melting of Calcium Bromide, and the Neutrality of 

Its Solution. 

The salt crystallizes with six molecules of water of crystallization, 
and dissolves in this water of crystallization at about 38°. As in the 
case of other concentrated solutions, of similar kinds, the quantitative 
expulsion of the water from this solution is a difficult matter. Accord- 
ingly, in order to dry the salt, the method was adopted which had been 
used successfully in the earlier anahses of calcium chloride by one of us. 
The salt was in the first place dried in a desiccator warmed to a tem- 
perature just below the “melting point'’ of the crystallized salt, pure 
lime being used as the desiccating agent. The water then escapes with 
considerable rapidity from the crystals, leaving a quantity of effloresced 
material whose melting point is above 200 °. The evaporation of the 
water from the crystals is of course much hastened by having the vacuum 
as perfect as possible; accordingly the vacuum desiccator was thoroughly 
exhausted at a low temperature by means of a Geryk pump. The salt 
itself was placed in a flat platinum dish. After remaining about eight 
da\s in the desiccator, the temperature in the thermostat containing 
this apparatus could be raised to 50 or 6o°, and after eight days more 
the dehydration had proceeded so far that the water could be all driven 
off at a much higher temperature without danger of partial melting and 
the projection of diops of the solution. 

I11 order to eliminate the last traces of water, the salt was melted as 
usual in a current of hydrogen mixed with hydrobromic acid. This 
last substance is necessary to prevent the partial decomposition of the 
salt by the remaining trace of water at a high temperature. The tem- 
perature was raised very slowly so that as much water as possible should 
be driven off from the salt while it was still in a solid condition, and only 
at the every end was the temperature raised to the melting point at a 
red heat. The heating was conducted electrically by means of a ribbon 
of an alloy of nickel and chromium wound directly around the quartz 
tube which contained the platinum boat holding the calcium bromide 

1 Sec especially Richards and Wells, Tins Journal, 27 , 472 (1905). Pub. Carnegie 
Ins 1 . t 28, 16 (1905). 2 . anorg. Chcm 46, 70 (1905). “Experimen telle Untersuchun^en, ,fc 
T. W. Richards [Hamburg, 1909], p. 703. 



1584 


GENERAL, PHYSICAL AND INORGANIC. 


to be melted. The progress of the fusion could be watched through 
the spaces between the ribbon. For twenty minutes the calcium bro- 
mide was kept in a fused condition at a medium red heat ; and by means 
of light rapping on the tube the mobile liquid was freed as much as pos- 
sible from bubbles of gas. When this heating had been finished the 
hydrogen and hydrobromic acid were shut off, and pure nitrogen was 
led into the tube, at the same time lowering the temperature to about 
400 °. After all trace of hydrobromic acid had been driven out, the salt 
was allowed to cool in a stream of nitrogen, and finally this gas was re- 
placed by pure air. The succession of gases was provided by means of 
suitably arranged purifiers, all connected by glass stopcocks in a method 
which has been described in previous communications. The quartz tube 
was attached to the familiar Harvard “bottling apparatus” by means 
of which the pure anhydrous bromide was enclosed in a weighing tube 
in an atmosphere of pure air, and after it had become completely cooled 
this weighing tube was taken out and placed in a desiccator for at least 
five hours near the balance by means of which it was to be weighed. 
Successive weighings of the boat and bottle never differed more than 
0.02 milligram. The empty boat and weighing bottle were weighed 
both before and after the determination. For this purpose they re- 
ceived precisely the same treatment as during an analysis, the boat being 
ignited in the bottling apparatus, and prepared for weighing just as if 
it contained calcium bromide. The similarity of treatment affords the 
best means of avoiding constant errors. That the apparatus served its 
purpose is clear from the fact that in two cases wherein specimens of 
melted and weighed bromide were once more melted and weighed, no 
change exceeding a few hundredths of a milligram was to be observed. 
The loss of weight of the boat during fusion was never over one-twentieth 
of a milligram, and sometimes amounted to nothing at all. 

The bromide was dissolved in water in a large Erlenmeyer flask capa- 
ble of holding three liters, with a ground stopper. The details were 
similar to those in the case of lithium chloride, 1 except that the testing 
for neutrality was somewhat different, because calcium bromide is de- 
cidedly a less stable salt than most of the other halides which have been 
studied in this laboratory, and therefore is less easy to obtain in a state 
of perfect neutrality. When heated with either air or with water, it is 
certain to lose some bromine and become alkaline. On the other hand, 
when heated with hydrobromic acid, a trace of this gas is dissolved. This 
trace is indeed quickly liberated on further fusion in nitrogen, but if the 
nitrogen is not absolutely pure, there is danger of overstepping the mark 
and making the salt slightly alkaline in this process. Therefore every 

1 Richards and Willard, This Journal, 32, 4 (1910). Pub, Carnegie Inst . of Wash- 
ington^ 125. 
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sample of calcium bromide must be carefully tested in order to be sure 
of its perfect neutrality; and because the salt is slightly hydrolyzed in 
aqueous solution, the only satisfactory method of testing it is to compare 
the solution of the fused salt with a solution of the same concentration 
made from the purest calcium bromide many times recrvstallized. The 
latter, if prepared with adequate care, is presumably neutral, for there 
is no evidence that either hydrobromic acid or lime tend to go into the 
crystals to any perceptible extent. In order, therefore, to determine 
the deviation from neutrality of the fused calcium bromide, it was dis- 
solved in a small amount of water, and to it was added jo cc. of a satura- 
ted aqueous solution of the slightly soluble methyl red, the only indica- 
tor which seemed to serve well for this purpose. To the same volume 
of a solution containing the crystallized salt, assumed to be neutral, 
was added a like volume of the solution of methyl red, and the colors of 
the two solutions were compared. When the colors of the two solutions 
appeared identical, it was reasonable to infer that the fused salt was per- 
fectly neutral. This occurred in two out of the twelve cases. In most 
cases the fused salt was found to be either slightly alkaline or slightly 
acid, but two or three drops of the corresponding hundredth normal 
solution were enough to restore perfect neutralization, except in one 
case when five drops were required. The appropriate corrections were 
of course made in the weighings of fused calcium bromide to eliminate 
the errors which would otherwise have existed in the results because 
of this lack of neutrality. The absence of such corrections was one of 
the chief reasons why the ten preliminary results, not worthy of record- 
ing here, varied among themselves by amounts distinctly greater than 
those to be noted in the final results, recorded later. 

After the testing for neutrality, the solution was diluted with a liter 
of the purest water, and the boat was /emoted by means of a platinum 
wire, and very thoroughly washed with all possible care. The analysis 
of the bromide was then carried out by either one of the tw T o usual meth- 
ods, namely, either the determination of the exact amount of silver equiv- 
alent to the calcium present, or the weighing of the precipitated silver 
bromide. These tw r o processes were never executed in the same experi- 
ment in either of the final series, because each can be done more satis- 
factorily if attention is concentrated upon it alone. 

Balance and Weights. — The weighings were made upon a very good 
balance of Prussian manufacture which had been thoroughly tested and 
was easily sensitive to 0.01 mg. The gilded brass weights were stand- 
ardized according to the method usually employed in this laboratory 
and were often further tested during the progress of the research. As 
usual, all readings were made bv substitution, the substituted tare being 
an object similar in all respects to that which was being weighed, 
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It was necessary to determine anew the specific gravity of calcium 
bromide, because the published values of this constant are highly dis- 
crepant among themselves, differing to an extent sufficient to influence 
appreciably the calculation of the true weight of the substance. This 
determination was carried out in a pycnometer for hygroscopic solids 
described by Baxter. 1 Toluene was used as a fluid to be displaced. The 
sample had been distilled over sodium and was found to have at 25 ° a 
density of o 8605 as the mean of three trials. With this apparatus 
2 09625 grams of calcium bromide displaced o 5378 gram of toluene 
and 2.974 grams of calcium bromide displaced 0.7629 gram of toluene, 
the readings being reduced to the vacuum standard. These two de- 
terminations give as the specific gravity of calcium bromide the values 
3.354 and 3.353, respectively ~ results essentially identical. 

The vacuum corrections to be applied to silver, silver bromide and 
calcium bromide, when the readings were conducted in air at normal 
pressure and at 20 °, were taken as — 0.030 mg., +0.041 mg. and 
+0 218 mg., respectively, the specific gravity of the brass weights being 
8.3. The small changes due to changing pressure and temperature 
were almost always negligible with these dense substances. 

The Determination of the Silver Corresponding to Calcium^Bromide. 

A weight of purest silver as nearly as possible equivalent to each por- 
tion of carefully weighed bromide (as found in the preliminary experi- 
ments) was dissolved in nitric acid in a large flask with bull x to prevent 
the escape of spray; and the solution was warmed until the nitrous vapors 
had been wholly driven out. The solution was then diluted so that it 
contained not more than 10 grams of silver in a liter of water. Kvery 
drop of solution was then added in the red light of the dark room to the 
corresponding bromide solution, little by little, the latter liquid being 
kept in continual motion. The flask which had contained the .silver was 
of course washed with the greatest care, and the last washings were tested 
in a nephelometer in order to be sure that every trace of silver had been 
removed. The mixture had in every case 1 , after precipitation, a volume 
of about 2.5 liters. It was at first only gently shaken in order to pro- 
mote complete precipitation without causing the precipitate to cohere 
into impenetrable balls; and the mixture in this state was left for twenty- 
four hours in the dark room covered with a black cloth in order that com- 
plete equilibrium might establish itself between the precipitate and the 
solution. In this way opportunity is given for the washing out of any 
excess of either reagent which may be occluded by the*spongy precipi- 
tate. When this is accomplished, the mixture is violently shaken for 
twenty minutes, the flask being closely stoppered. Under this treat-. 

1 Baxter and Hines, Am. Chetn. 31, 220 (1904). 
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ment the precipitate coheres satisfactorily and deposits itself after short 
standing so completely that the small particles which cling to the flask 
above the level of the liquid can easily be washed down into the flask by 
tilting the latter backwards and forwards, thus causing the clear liquid 
to wash every portion of the neck. 

During this whole time the flask was never opened and especial care 
was taken that no traces of the precipitate should be held in the control 
space between the lower end of the stopper and the wall of the flask. 

The mixture was now ready for filtration. In order to prevent the 
ejection of drops of liquid on the removal of the stopper, the air in the 
flask had been slightly warmed by means of the hands before this stopper 
had been applied in the first place, so that on opening the flask for fil- 
tration air was drawn in and not expelled. Cooling the flask with cold 
water before opening increased this effect. Upon the removal of the 
stopper, the neck of the flask and stopper were carefully washed with the 
purest water; and when the solution had been mixed by two or three 
rotations of the flask, two samples of the clear mother liquor were taken 
out and placed in two test tubes. To one was added a solution of a milli- 
gram of silver; to the other a corresponding amount of potassium bro- 
mide; and both were stirred by suitable bent rods. The comparison of 
the two tubes in the nephelometer enabled one to see at once whether 
the bromide or the silver was in excess, and it was easy to be sure of an 
amount corresponding to o 05 milligram of silver or of bromide in a liter 
of the solution. If one or the other was found to be deficient, the corre- 
sponding amount was adde() to the whole mass of the solution, and after 
new shaking and standing another trial in the nephelometer was 
made. This process was repeated until the nephelometer showed the 
end point of the reaction, both tubes exhibiting like opalescence. Inci- 
dentally it may be noted once more that the liquids in the nephelometer 
tubes must be allowed to stand for at least 1 5 to 2 hours after they have 
been precipitated, otherwise the precipitates do not attain constancy. 
It is essential that during this time, indeed as promptly as possible after 
they have been filled, the tubes should be covered with glass caps made 
of rings sealed to round plates of plane optical glass in order to prevent 
the access of dust and the resulting serious errors in the outcome. The 
nephelometer can easily detect 1/3000 of a milligram of chlorine, and a 
single mote of dust may contain this amount. 

The following table gives the results of the last six analyses, carried 
out in this way. It is worthy of note that these analyses are all con- 
secutive ones, the thirteenth not having been brought to a conclusion on 
account of a mistake in weighing the silver. No finished analysis w*a$ 
rejected : 
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The Ratio or Calcium Bromide to Silver. 


No. 

of 

Weight of 
calcium bromide 

Weight of 
silver 


Ratio 

Atomic weight 
of calcium, 

exp. 

in vacuum 

in vacuum. 


CaBr 8 : 2Ag. 

Ag -- 107.88. 

II 

4 . 20860 

4 54252 


0 926490 

40.068 

12 

4 58644 

495025 


0 926507 

40.071 

14 

5 • 34866 

5 77501 


O 926491 

40 068 

15 

7 23724 

7.81126 


0 926514 

40.073 

l6 

4 67673 

5.04779 


0.926491 

40 068 

17 

7.41636 

8.00455 


0.926518 

40 074 


Sum, 33.47403 

36 12938 

Average, 

0.926502 

40 O703 

From 

these six analyses 

it would 

appear 

that the 

atomic weight of 


calcium is to be taken as 40.070, if silver is taken as 107 88 (the present 
international value). The extremes 40.068 and 40.074 deviate but 
slightly from the mean, and the so-called “probable error” of the aver- 
age is only 0.0007. The series is as concordant as could reasonably be 
expected, and except for one possibly insignificant fact would go entirely 
unchallenged. This fact is the hitherto unexplained circumstance that 
the experiments where larger quantities of material were used gave 
slightly higher results than those where smaller quantities w r ere used. 
The same circumstance is to be noted in the second series of results to 
be recorded shortly. The agreement of the verdict of these, two series 
may be merely a coincidence, and in any case the deviation is so slight 
as to cause uncertainty only in the third decimal place of the atomic 
weight. If, as is probable, the results with the larger quantities are some- 
what more accurate, the value 40.07 may be slightly too low; but the 
true value is not likely to be as high as 40.08/ 

A more reassuring conclusion may be drawn from another aspect of 
the results. It is satisfactory that the two different preparations of bro- 
mide gave results essentially identical. The specimen recrystallized 
nine times, which was used in analyses 16 and 17, gave as the mean 
value 40.071, whereas that which had been recrystallized four times 
(used in analyses 11 to 15) gave 40 070, a result essentially identical. 
This seems to indicate that both preparations were really pure; for it is 
not probable that if impurities had been present a product crystallized 
nine times would have shown precisely the same result as one crystallized 
only four times, especially when one considers that the recrystallization 
was carried out with the help of an energetic centrifuge. 

The Determination of the Relation of Calcium Bromide to Silver 

Bromide. 

The method of precipitation of silver bromide for weighing was es- 
sentially similar to the method used in previous cases in this laboratory. 
Only a very slight excess of silver was used in precipitating in order to 
avoid occlusion of silver nitrate. The precipitation was accomplished 
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in the manner just described and a platinum Gooch-Munroe crucible 
was used for filtration. 1 The precipitate was first washed seven to ten 
times by decantation with small quantities of the purest water, and 
finally was washed upon the filtering crucible by means of a jet driven 
by hydrostatic pressure. Both mother liquor and wash water were pre- 
served separately and carefully tested in the nephelometer for the traces 
of bromide which they might contain. The mother liquor rarely con- 
tained a trace of bromide, the wash water usually about 0.2 milligram 
per liter. The filtration was conducted under a glass roof, which served 
to protect the crucible from dust. The flask in which the precipitation 
had been conducted was finally washed with a small quantity of the purest 
freshly distilled, concentrated ammonia, in order to dissolve any trace 
of silver bromide which might have escaped transference into the cruci- 
ble. After neutralization with the purest nitric acid this mixture too 
was tested in the nephelometer with excess of silver solution. In mak- 
ing the nephelometric tests, comparison was made in each case with a 
standard prepared in precisely the same way. 

As usual, the dry precipitate, after having been weighed, was trans- 
ferred to a small porcelain crucible, weighed again, cautiously heated, 
and weighed for the third time. The fused mass, which was distributed 
over the inside surface of the crucible by gently rotating the crucible 
while inclined at a small angle, was a clear yell >w upon cooling and gave 
evidence of being very pure. The loss during melting was never more 
than 0.004 per cent, and was usually much less. 

These rather complicated processes are subject to somewhat greater 
possibilities of error than the much simpler comparison with silver, but 
the agreement of the results was, as a matter of fact, about the same as 
before. The six analyses recorded in this table represent a series from 
which none is omitted. They were carried 8 ut after the necessary ex- 
perience gained in preliminary determinations. 


The Ratio of Caixium Bromide to Silver Bromide 


No. 

of 

exp. 

W'eight of 
calcium bromide 
in vacuum. 

Weight of 
silver bromide 
in vacuum, 

Ratio 

CaBr» • aAgBr 

Atomic weight 
of calcium 
AgBr = 1*7 756. 

18 

IO.18591 

19 13778 

O.532241 

40.073 

39 

7 92400 

14 88810 

°- 532237 

40 072 

20 

6 . 78048 

12 73()6l 

O 532236 

40 072 

21 

6 45970 

12 13702 

O 532231 

40 070 

22 

5 - 9539 ° 

I I I 8684 

O 532225 

40 067 

23 

5 15998 

9.69513 

0.532225 

40.067 


Sum, 42 46397 79.78448 Average, o 5322323 40.0702 

A glance at this table shows that the figures recorded in it afford a 
1 Richards and Mueller, Z. amrg. Chem., 53, 438 (1907); This Journal, 29, 651 
(1907)* 
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complete confirmation of the results contained in the first table, although 
these were reached by a different road. Indeed the final averages (40 . 0702 
and 40.0703) are almost precisely the same in the two cases, far 
within the almost equal “probable errors” (0.0007) of the two series. 
In the present case, as in the other, the greatest deviation from the mean 
is about 3 in the third decimal place of the atomic weight of calcium, or 
about 1 in 70,000 in the total weight of the calcium bromide; this seems 
to be about the limit of reasonable accuracy in such experimentation. 
The result, as in the other case, is probably to be regarded as a minimum 
value, and it seems fairly safe to conclude that the atomic weight of cal- 
cium is between 40 . 07 and 40.08. 

Obviously, because the two series give identical results, the atomic 
weight of bromine computed from the two average results is equal to 
that assumed in the calculation of each series, namely, 79.916, if 
silver is 107.88. This shows that the calcium bromide was free from 
chloride, and that the occlusion of other salts by the silver bromide must 
have beeii imperceptible. 

We have already obtained some interesting confirmatory results with 
calcium chloride, which will soon be ready for publication, and hope to 
continue the study of this atomic weight and to settle such points as 
remain obscure. / 

Summary. 

The results of this paper may be stated in a few words, as follows: 

Methods for the preparation, dehydration, and melting* of pure cal- 
cium bromide were devised. 

Calcium bromide proved to be less stable on melting than the corre- 
sponding barium and strontium salts. By comparison with pure crys- 
tallized salt with the help of methyl red, the very slight deviations of 
the several specimens of melted bromide from exact neutrality were de- 
termined in their aqueous solutions. 

The density of melted calcium bromide was found to be 3.353 at 25 °. 

33.47403 grams (in vacuum) of calcium bromide required 36,12938 
grams (in vacuum) of silver for complete precipitation. Again, 42.46397 
grams (in vacuum) of calcium bromide yielded 79 78448 grams (in vacuum) 
of silver bromide, each set of figures being the sum of the quantities used 
in six consecutive determinations. The two ratios give essentially 
the same value for the atomic weight of calcium, 40 070, if silver is taken 
as 107 88. The value becomes 40.066 if silver is taken as 107. 87.H This 
result is probably a minimum value; but it is improbable that the true 
one exceeds 40.08. 

The investigation shows that the preliminary Harvard work yielded 
a value for the atomic weight of calcium r much more probable than that 
found by the only other modern investigator. 

CAmb&xdgb, Mass. 
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A REVISION OF THE ATOMIC WEIGHTS OF SILVER AND IODINE. 

[second paper.] 

THE RATIO OF SILVER TO IODINE. 

By Gregory Paul Baxter 
Received October 22, 1910 

Introduction. 

In a recent investigation upon the atomic weights of silver and iodine, 
Baxter and Tilley 1 determined the ratio between silver and iodine 
pentoxide to be o 646230. Then, the ratio of silver to iodine having 
previously been found by Baxter-' to be o 849943, the per cent, of iodine 
in the pentoxide was calculated, and thence the atomic weights of iodine 
and silver. Since the results obtained in this way were unexpectedly 
low, 126.891 and 107 850 respectively, while several recent investiga- 
tions, especially that of Richards and Willard 3 on the ratio of lithium 
chloride to lithium perchlorate, have shown the atomic weight of silver 
to be not far from 107 871. and since all known possible causes of error 
in the determination of the ratio of silver to iodine pentoxide were very 
carefully investigated, it was possible that the final results might have 
been influenced by an error in the ratio of silver to iodine. This error 
need be onlv very slight to explain the discrepancy, because a given per- 
centage error in the ratio of silver to iodine produces one three times as 
large in the atomic weights of iodine and siher, but in the opposit direc- 
tion. 

In the determination of the ratio of silver to iodine 4 the preparation of 
silver iodide in every ease formed one step in the procedure. The latter 
substance is, however, dillicult to obtain in a pure condition on account 
of its strong tendency to occlude soluble silver salts. The difficulty 
was eliminated as far as was possible at the time, either by precipitation 
of the silver iodide in ammoniaeal solution, or by precipitation at high 
dilution, these precautions having been shown by both Kothner and 
Aeuer 5 and Baxter 0 to be beneficial. The evidence obtained in the in- 
vestigation upon iodine pentoxide indicates that even the pains taken 
in the early work upon the silver-iodine ratio to avoid occlusion by the 
silver iodide may not have been sufficient entirely to eliminate the diffi- 
culty, and hence that the above value of the silver-iodine ratio is too 
high. Furthermore, it is noticeable that many of the earlier results 
upon the silver iodine ratio indicate a perceptibly lower value for the 

1 This Journal, 31, 201 (1909). 

2 Pror. Am. Acad , 40, 419 (1904); 41, 73 (1905) This Journal, 26, 1577; 27, 876. 

3 Pub. Carnegie Inst , No. 12s (1910). This Journal, 32, 4. 

4 Baxter, Loc. cit. 

8 Ann. , 337, 123 (1904). 

• Proc. Am. Acad., 41, 77 (1905)- This Journal, 27, 880. 
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ratio than the one given above, while most of the possible errors would 
have tended to produce too high a result. Hence new experiments were 
instituted for the investigation of the silver-iodine ratio. 

It seemed highly desirable in these new experiments to carry out the 
determination of the ratio of silver to iodine in as nearly as possible the 
same w r ay as in the determination of the ratio of silver to pentoxide, 
and also to use material which had been purified in as nearly as possible 
the same way. Thus constant errors which might enter into the deter- 
mination of the latter ratio would be likely to be compensated by similar 
errors in the determination of the former ratio. 

The method, in brief, was as follows: Weighed quantities of iodine 
were reduced to hydriodic acid by a solution of hydrazine hydroxide. 
After considerable dilution the iodine was precipitated as silver iodide 
by a very dilute solution of silver nitrate containing a few tenths of a 
milligram excess of silver. The clear supernatant solution was carefully 
filtered and evaporated to small bulk, and the excess of silver was deter- 
mined gravimetrieally as silver iodide. 

Purification of Materials. 

Iodine . — Three specimens of iodine were employed. Sample i was 
made from iodic acid remaining from the research upon iodine pent- 
oxide . 1 The iodic acid had been prepared by the action of the. purest 
fuming nitric acid upon very pure iodine, in quartz vessels, and had been 
crystallized ten times from aqueous solution in a quartz dish. 

A second specimen of iodic acid was made from potassium iodate in 
the following manner: Potassium permanganate was allowed to react 
with potassium iodide in concentrated hot solution. The products of 
this reaction are potassium iodate, potassium hydroxide and manganese 
dioxide. After the precipitated manganese dioxide had been separated 
from the solution by decantation and filtration, the solution was evapo- 
rated to crystallization, and the crystals were carefully separated from 
the mother liquor by centrifugal drainage. The mother liquor was 
several times evaporated until the greater part of the iodate had been 
recovered. A second portion of potassium iodate was made by allowing 
potassium permanganate to react in concentrated solution with iodine 
after the addition of a small quantity of potassium hydroxide. The 
iodine was probably dissolved by the hydroxide with the formation of 
iodide and iodate, and the iodide was then converted to iodate by the 
permanganate. At any rate, the products of the reaction were, as in the 
previous instance, potassium iodate, potassium hydroxide, and manganese 
dioxide, the hydroxide being formed in smaller proportions than before. 
The potassium iodate was obtained from the solution by crystallization 
as described above. Both portions of iodate were combined and purified 

1 Baxter and Tilley, Loc, tit. 
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by one recrystallization from aqueous solution, with centrifugal drain- 
age. 

From the potassium iodate barium iodate was next prepared by adding 
to a hot solution of the potassium iodate a hot solution of a nearly equiva- 
lent amount of barium hydroxide. The precipitated barium iodate 
was very carefully washed by decantation with cold water. Very little 
loss of material takes place during this washing since the barium iodate 
is only slightly soluble in cold water. The barium iodate, suspended in 
a comparatively small amount of water, was then converted into barium 
sulphate and iodic acid by means of an approximately equivalent amount 
of sulphuric acid at boiling temperature. Since reactions of this sort, 
which involve the change of one solid into another, progress to com- 
pletion only with difficulty, the barium sulphate was left in contact 
with the solution for several days with intermittent heating and shaking. 
Finally the solution of iodic acid was separated from the barium sulphate 
by decantation, and was evaporated to small bulk in a platinum dish. 
Further decantation allowed the removal of traces of barium sulphate 
which were suspended in the original decantate. The solution was finally 
evaporated to crystallization in the platinum dish. Somewhat more 
than a kilogram of iodic acid was prepared in this way. 

The final purification of the acid was effected by a long* series of crys- 
tallizations, as described in the latter part of the paper by Baxter and 
Tilley . 1 The first mother liquor was found to contain a slight excess 
of sulphuric acid. This was shown to have been eliminated during the 
first crystallizations by reducing portions of the mother liquors and test- 
ing for sulphate. The barium sulphate, whether dissolved or suspended, 
was effectually removed during the crystallizations, the solution of acid 
being occasionally decanted from traces of insoluble material which were 
present during the first crystallizations. In all, this iodic acid was sub- 
jected to eleven crystallizations, the usual process of fractional crystal- 
lization being followed in order to avoid too serious loss of material owing 
to the high solubility of iodic acid, even at ordinary temperatures. 

Since chlorides and bromides are not converted to the salts of the oxy- 
halogen acids by permanganate, it seems probable that the first portion 
of potassium iodate was free from the corresponding salts of chlorine 
and bromine. Whether this is true of the second portion, made from 
iodine, is doubtful, since if the original iodine contained these two ele- 
ments they would have dissolved in the alkaline solution with the pro- 
duction, to some extent, of chlorate and bromate. Later, however, 
after the conversion of the iodate to iodic acid, free chloric and possibly 
bromic acids must have been either vaporized or decomposed during the 
subsequent treatment. 

1 This Journal, 31, 216 (1909). 
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This material differed in its preparation from that used in the earlier 
determinations of the ratio of silver to iodine pentoxide, and hence a 
portion of it will soon be used for new determinations of the latter ratio. 
Iodine made from this iodic acid is designated Sample II. 

For comparison with the iodine obtained from the iodine pentoxide, 
two experiments were made with a third specimen similar to the iodine 
used in the earlier determinations of the ratio of silver to iodine. This 
iodine was first distilled from solution in potassium iodide. The product 
was thus freed from all but traces of chlorine and bromine. Next it was 
converted into hydriodic acid by suspending the iodine in water and 
passing hydrogen sulphide through the solution until reduction was com- 
plete. The solution of hydriodic acid was boiled to coagulate the sul- 
phur and was filtered. In order to free the hydriodic acid from hydro- 
cyanic acid which might have had its source in iodide of cyanogen con- 
tained in the original material, the solution was boiled for several hours 
until the concentration approached that of the constant boiling solution. 
From this hydriodic acid the iodine was set free by the addition of a very 
nearly equivalent amount of potassium permanganate and distillation 
into a flask cooled with running water. In this way, since only five- 
eighths of the iodine is set free by the permanganate, the iodine was a 
second time distilled from an iodide. The product was distilled once 
with steam, and after drainage was dried over concentrated sulphuric 
acid. This specimen is designated Sample III. 

Silver . — Several samples of silver were used, most of which have been 
employed in other similar investigations. Sample A was purified by Mr. 
A. C. Boylston for work upon the analysis of phosphorus tribromide . 1 
This material was prepared by first precipitating the silver as chloride 
from strongly acid solution, with subsequent reduction by means of sodium 
hydroxide and sugar. The metal was fused upon charcoal before a blow- 
pipe and the surface impurities were removed from the buttons by scrub- 
bing with sea sand and etching with dilute nitric acid. The cleansed 
buttons were dissolved in nitric acid, and the solution, after neutraliza- 
tion, was precipitated with ammonium formate which had been prepared 
with distilled materials. The metal was thoroughly washed' w r ith water 
and was again fused with even more care than before in a crucible lined 
with the purest lime. The resulting buttons were in turn cleansed by 
etching with dilute nitric acid and were next converted into electrolytic 
crystals in a cell in which a concentrated, nearly neutral solution of sil- 
ver nitrate served as electrolyte, and a pile of the buttons served as anode, 
the cathode being a stick of very pure silver from another preparation. 
After the crystals had been very thoroughly washed with water, they 
were fused in a current of hydrogen in a porcelain boat lined with the 
1 Not yet published. 
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purest lime. The boat was provided with cavities so that the buttons 
of silver varied considerably in size, from 2 to 5 grams. The final product 
was cleansed from adhering lime by etching with dilute nitric acid and, 
after being washed with the purest water, it was dried, first in air at 
ioo°, finally in a vacuum at about 500°. 

Sample B was prepared in an exactly similar fashion by Dr. II. C. 
Chapin for work upon the atomic weight of neodymium, 1 except that it 
was necessary to cut the product into smaller fragments by means of a 
jeweler's saw. Surface contamination with iron from the saw was 
removed by etching with successive portions of dilute nitric acid until 
the acid remained free from iron. Sample C was purified by Mr. Victor 
Cobb for work upon the analysis of ferrous bromide in a way exactly 
similar to that used in the purification of Sample A. 2 Sample D was 
used in an investigation upon the atomic weight of bromine. 3 This ma- 
terial had been precipitated once as silver chloride. The product was 
reduced with sodium hydroxide and sugar and was twice deposited 
electrolytically as described above in the case of Sample A. 

These methods of purification have already been discussed and shown 
to be efficient in several papers from this laboratory, especially by Rich- 
ards and Wells. 4 As will be seen later, the different specimens of silver 
all gave essentially identical results in this investigation. Several of 
them have already been compared, with a like outcome. 

The Ratio of Silver to Iodine. 

In the earlier determination of the ratio of silver to iodine the method 
employed was as follows: Iodine was sublimed into a weighed tube; 
next, after being weighed, it was reduced bv means of sulphurous acid, 
and the very dilute solution of iodide was precipitated with a very dilute 
solution of an equivalent amount of silver nitrate. The end point was 
then determined in a nephelometer. 

In the present instance certain very considerable modifications of the 
earlier method were made. In the first place, owing to occlusion of sil- 
ver sulphate by silver iodide, sulphurous acid has been found to be un- 
suitable as a reducing agent, 5 hence hydrazine hydroxide was substitu- 
ted. The products of reduction were, therefore, only nitrogen gas and 
hydriodie acid. In the second place, in the investigation upon the ratio 
of silver to iodine pentoxide it was found that, even if exactly equivalent 
amounts of silver and iodine are employed, the end point as determined 
in a nephelometer is somewhat uncertain, owing to the great dilution 

1 Proc Am. Acad , 46, 213 (1910). 

2 This investigation will soon he published. 

3 Baxter, Proc. Am. Acad., 42, 201 (1906); This Journal, 28, 1322. 

4 Pub. Carnegie Inst., No. 28, 16 (1905). This Journal, 27, 472. 

5 Baxter and Tillev, This Journal, 31, 208 (1909), 
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of the mother liquor and, in all probability, to disturbances due to traces 
of colloidal precipitate . 1 Therefore, as in the investigation upon iodine 
pentoxide, instead of attempting to determin the end point in this way, 
a very slight excess of silver was used, and the excess was found by evapo- 
rating the mother liquor to very small bulk and then estimating the sil- 
ver gravimetrically as silver iodide. Owing to the strong tendency of 
silver iodide permanently to occlude silver nitrate, the excess of silver 
was very small indeed, as a rule less than o . 2 milligram. Furthermore, 
both the solution of the iodide and the solution of silver nitrate were 
made very dilute before precipitation in order to avoid as far as possible 
the aforesaid occlusion. In the third place, much larger quantities of 
material were employed so that accidental errors should be of less sig- 
nificance. 

In all but the last three experiments the tube in which the iodine was 
weighed was of glass, about 18 centimeters long and 1.8 centimeters 
in external diameter. The ends of the tube were constricted and were pro- 
vided with well fitting ground-glass caps in order to avoid vaporization 
of the iodine during the weighing of the tube and the subsequent manipu- 
lation. 

The iodine was prepared for weighing by first dehydrating a suitable 
quantity of iodic acid in a platinum boat in a current of pfire dry air, 
as described in the paper upon the analysis of iodine pentoxide. The air 
was purified by being passed over hot copper gauze, and then through a 
system of towers containing in succession glass beads moistened with 
silver nitrate solution, a solution of potassium hydroxide containing potas- 
sium permanganate, and concentrated sulphuric acid containing a small 
amount of potassium dichromate. The final drying of the air was ef- 
fected with phosphorus pentoxide which had been freshly sublimed in a 
current of oxygen. The apparatus was constructed wholly of glass with 
fused joints. The boat containing the iodic acid was placed in a hard 
glass tube through which the current of air was passed, the tube being 
heated by means of the solid aluminium oven which has been described 
elsewhere . 2 The first stage of the dehydration of iodic acid takes place 
rapidly at ioo° if it has been previously ground with a small percentage 
of the substance produced in the first stage of the dehydration, HIO s . 
I 2 0 5 . Inoculation with this phase not only reduces the temperature at 
which the dehydration begins, but also diminishes the proportion of 
moisture finally retained by the pentoxide . 8 As soon as water ceased 
to be given off,' the temperature was raised until the second and final stage 
in the dehydration began, at about 220 0 . Finally the pentoxide was 

1 Baxter and Tilley, This Journal, 31, 210 (1909). 

8 Baxter and Coffin, Proc, Am. Acad., 44, 184 (1909). This Journal, 31, 206. 

8 Baxter and Tilley, This Journal, 31, 212 (1909). 
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heated for one hour at 240°. Iodine pentoxide which has been dried in 
this way has been found to contain only a little over 0.002 per cent, of 
residual moisture. 1 The water formed during the dehydration was, of 
course, carefully expelled by heating the hard glass tube. 

Next the iodine pentoxide was converted into iodine and oxygen by 
heating the section of the tube containing the boat to about 350°. The 
iodine was allowed to condense in the cooler portions of the tube beyond 
the boat, although, of course, a slight loss of iodine took place. During 
this decomposition it seems certain that the trace of residual moisture in 
the pentoxide must have been eliminated. Nevertheless, for the sake of 
certainty, before the iodine was sublimed into the weighing tube, it was 
heated slightly above its melting point, 114 0 , 111 the current of dry air. 
The weighing tube was then placed in position, with the constricted end 
of the hard glass tube inserted foi a short distance into one end of the 
weighing tube, the weighing tube being supported upon a glass stand. 
The iodine was slowly sublimed into the weighing tube by gently warm- 
ing the hard glass tube. Finally the iodine in the weighing tube was 
heated to fusion and allowed to solidify. The caps were placed on the 
weighing tube, which was allowed to stand near the balance case, under 
a bell jar containing concentrated sulphuric acid, for several hours. Dur- 
ing the manipulation the weighing tube was handled only with clean, 
cork-tipped forceps. 

Since during the sublimation of the iodine the hard glass tube must 
have been slightly attacked, and since it is possible that alkali iodides 
thus formed could have been carried into the weighing tube with the 
iodine, a quartz tube w'as substituted for the hard glass tube after the first 
five experiments. This tube was provided with several constrictions 
beyond the section in which the boat w T as placed, which served the pur- 
pose first of preventing to a considerable extent the conduction of heat 
along the tube, and second, of preventing back diffusion of iodine. Since 
a small amount of undecomposed pentoxide w r as carried along by the 
rather rapid current of oxygen evolved during the decomposition, the 
first constriction in the quartz tube w T as loosely filled with a roll of plat- 
inum gauze which was heated to redness, so that any pentoxide which 
reached this constriction must have been completely converted to iodine 
and oxygen. As a matter of fact, neither of these changes produced any 
perceptible effect upon the results. 

When iodine from Sample III was employed, it was sublimed from a 
platinum boat into the quartz tube and once again from one portion 
of the tube to another before the final sublimation into the weighing tube. 

In order to reduce the iodine to hydriydic acid, it was next dissolved 
in a solution of an excess of hydrazine hydroxide. A thick-walled flask 
1 Baxter and Tilley, This Journal, 3*1 212 (1909). 
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of Jena glass holding nearly two liters was provided with a column of 
bulbs carefully ground into the neck. In the flask was placed a quan- 
tity of a solution of hydrazine hydroxide considerably more than, suffi- 
cient to combine with the iodine. The hydrazine was made from the 
sulphate by distillation in a platinum still with an excess of sodium 
hydroxide, and was redistilled before use. The weighing tube contain- 
ing the iodine was carefully introduced into the flask, the stoppers being 
removed in the process, and the column of bulbs was put in place imme- 
diately after the introduction of the iodine tube. In this manipulation 
a small quantity of iodine vapor may have escaped from the tube dur- 
ing the very short time in which it was exposed to the air. However, 
since the total amount of iodine vapor contained by the tube at 20 0 was 
not greater than o 03 milligram, 1 and since certainly only a small frac- 
tion of the total vapor could have escaped into the air outside the flask, 
and especially since the interior of the flask and the column of bulbs 
had been moistened with hydrazine solution shortly before the iodine tube 
was introduced so that any iodine vapor in the flask must have been 
quickly absorbed, the error from this source must have been very small. 
The solution of the iodine in hydrazine progresses too rapidly if the iodine 
has not been previously fused, for crystals of iodine, on account of their 
large surface, reduce so rapidly that the current of nitrogen^issqiiig from 
the flask might possibly carry with it traces of iodine vapor. Since acid 
is produced in this reaction, it was found advantageous to keep the solu 
tion nearly neutral by the occasional addition of redistilled ammonia. 
This had two advantages: first it accelerates the rather slow solution 
of the fused iodine; secondly, it prevents the possible escape of hvdriodic 
acid vapor from the flask. Several tests in which the nitrogen evolved 
in the reduction was caused to pass from the top of the column of bulbs 
through a trap sealed with water showed that in fact no iodine was lost 
in this way. 

After the dilution of the iodide solution to a volume of about one and 
one-half liters, it was transferred for precipitation to an 8-liter bottle 
with a carefully ground stopper. Whether or not the solution was 
ammoniacal at this point, about 25 cc. of constant boiling nitric acid were 
introduced, after the acid had been diluted to a volume of one liter and 
boiled to destroy nitrous acid; for unless the nitric acid is free from nitrous 
acid, iodine is set free. The bottle was immediately stoppered after the 
addition of the nitric acid, and was allowed to stand for some time after 
any liberated iodine had been reduced by the excess of hydrazine. In 
all but the earlier experiments the acid was introduced through a long 

1 The vapor pressure of iodine a^2o° is 0.2 mm. Baxter, Hickey and Holmes, 
This Journal 29, 127 (1907). The interior volume of the tube was less than ten 
cubic centimeters. 
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thistle tube at the bottom of the bottle, so that iodine could not reach 
the surface of the solution until after the bottle was closed. The amount 
of iodine set free in this way was, however, in no case large enough to 
have caused appreciable loss by evaporation. If the solution did not 
at this point have a total volume of nearly four liters, it was next diluted 
to this volume. 

A quantity of silver, a very few tenths of a milligram, in excess of the 
amount necessary to combine with the iodine, was weighed out, the 
greater part being in buttons weighing several grams each, the final ad- 
justment of the weight being made with tiny ignited electrolytic crystals. 
This .silver was dissolved in redistilled nitric acid which had been diluted 
with an equal volume of water, in a flask provided with a column of bulbs 
to catch possible spattering. The silver was dissolved so dowdy, how- 
ever, that very little effervescence took place, nitrous acid rather than 
nitric oxide being formed. The solution was then further diluted and 
heated until free from nitrous acid. Next the silver nitrate solution 
was diluted to a total volume of neaily four liters and then was slowly 
added to the solution of hydriodic acid in the precipitating bottle, with 
continual agitation during the precipitation. The precipitating bottle 
was shaken violently for a short time, and w r as allowed to stand for at 
least one week with occasional shaking until the supernatant liquid seemed 
to be absolutely clear. The clear liquid was then filtered through a Gooch- 
Munroe-Neubauer crucible with a very tlen.se mat of platinum sponge, 
so that, although the filtration proceeded slowly, there seemed to be 
certainty that every particle of suspended silver iodide w r as removed 
during the filtration. The filtered solution was evaporated to a very 
small bulk, until the greater part of the free nitric acid had been expelled. 
Toward the end of the evaporation small quantities of silicic acid separa- 
ted out. Consequently, before the precipitation of the silver in the 
evaporated filtrate, it was filtered a second time through the Neubauer 
crucible. The total volume of the solution, after the second filtration, 
was not more than 100 cc. and frequently w T as as small as 50 cc. To 
this solution was added a quantity of a solution of pure hydriodic acid 
large enough completely to precipitate the silver. Several days’ stand- 
ing were usually necessary to insure sufficient coagulation of the opal- 
escent silver iodide for filtration. Then the precipitate was collected 
upon a small weighed Neubauer crucible, and, after being heated to about 
200°, it was weighed. In order to show that no silver iodide was lost 
in this filtration, in several instances the filtrate was evaporated to small 
bulk and tested nephelometrically for silver, always with essentially 
negative results. The quantity of silver usejjl in each experiment was so 
carefully adjusted before precipitation that the silver content of the fil- 
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trate seldom amounted to more than 0.5 milligram, and in all but two 
of the later experiments it was less than 0.2 milligram. 

During every experiment the glass tube in which the iodine was weighed 
lost slightly in weight. In a few cases the loss amounted to as much as 
0.3 milligram, although in many it was hardly more than o. 1 milligram. 
This loss in weight was probably due in part to the action of the iodine 
on the glass with the formation of soluble iodides. Since these iodides 
would have dissolved during the reduction of the iodine, the error from 
this source must have been considerably less than the loss in weight of 
the tube. Furthermore, it is very probable that the loss in weight of 
the weighing tube was caused in part by the solvent action of the am- 
moniacal hydrazine solution and possibly to mechanical abrasion of the 
ground surfaces during the manipulation. 

In the last three experiments the glass weighing tube was replaced by 
a .similar quartz tube with glass caps. Although the loss in weight was 
somewhat diminished by this change, it was not wholly prevented, the 
losses in the first two of the three experiments being 0.00010 and 0.00020 
gram, respectively. In these three experiments it is more probable that 
the difficulty was due to the solvent action of the hydrazine solution 
and to abrasion than to action of the iodine on the quartz. If this is 
the case, the results would not be at all affected by the lcfes ip weight of 
the tube. 

One of the chief dangers in these experiments lies in the occlusion of 
silver nitrate by the silver iodide. For this reason the" solutions were 
made as dilute as possible before precipitation. In the first ten analyses 
the volumes of the two solutions before precipitation were nearly four 
liters, while in the last three analyses the volumes w T ere between seven 
and eight liters. Hence the concentrations varied between eightieth 
normal in analysis 5 and thirtieth normal in analysis 2. The fact that 
the results seem to be independent of the concentrations is strong evi- 
dence that the occlusion could not have been very serious. The attempt 
was made, however, to secure further evidence that this occlusion was 
negligible by conducting the precipitation in two analyses (9 and 10) 
in reverse fashion, i. c. f by pouring the hydriodic acid solution into the 
silver nitrate solution. Although the opportunity for occlusion of sil- 
ver nitrate was evidently very much greater in these two experiments 
than in the others, the results of analyses 9 and 10 agree so well with 
those of the others that very little doubt can exist that the occlusion of 
silver nitrate had been prevented. Similar evidence was obtained in 
the analysis of iodine pentoxide. 1 

The solubility of silver iod^e has been found by Kohlrausch 2 to be only 

1 This Journal, 31, 218. 

* Z. physik. Cketn ., 30, 355 (1904)- 
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0.0000035 gram per liter at 21 °. In 8 liters of mother liquor there would 
be dissolved then only 0.00003 gram of silver iodide while the wash 
waters would contain a trace more. The correction for the equivalent 
amount of silver or iodine would not amount to more than 0.0002 per 
cent, in any one of the first ten analyses. In the last three analyses 
the volume of the mother liquor was at least 16 liters. Ilence the dis- 
solved silver iodide amounted to o 00006 gram. However, since larger 
quantities of material were used in the last three experiments, the per- 
centage correction due to solubility is no greater. 

Evidence that the Neubauer crucible was an effective filtering medium 
is to be found in the fact that in many of the analyses the quantity of 
silver iodide obtained from the filtrate was not much greater than the 
amount which should have been dissolved. Furthermore, in one analy- 
sis, the only one completed which is not recorded in the following table, 
the filtrate was found to contain only a mere trace of silver. The cruci- 
ble which was employed in all the analyses, with a water pump vacuum, 
allowed from one to two liters of solution to pass per hour. 

In the following table are gi\en the results of all the analyses which 
were completed, with the exception of the one mentioned above in which 
no silver was found in the filtrate The siher used in this experiment, 
if it was exactly equivalent to the iodine, yielded a ratio of silver to iodine 
very close to the other analyses, o 849016, but on account of the uncer- 
tainty as to whether the silver was sufficient to combine with the iodine, 
and because the analysis met with a slight accident, it has been consid- 
ered wiser to omit this result in computing the average. 

The weights of the silver and the iodine are corrected to the vacuum 
standard by subtracting 0.000031 grain for each apparent gram of sil- 
ver and adding o 000099 for each apparent gram of iodine. 1 The weights 
were carefully standardized by the method described by Richards/ 

Results and Discussion. 

A careful examination of the following table shows that neither the 
variations in the specimens of silver and iodine employed, nor those in 
the methods of analysis produced appreciable effects upon the results. 
The extreme difference in the ratio of silver to iodine is o 007 per cent.; 
but all except three of the results agree within 0.003 per cent, and the 
last ten analyses within 0.005 P er cent. The final average is 0.005 
per cent, lower than the result previously obtained, 0.849943, while no 
one of the thirteen analyses yielded a result as high as the above figure. 
This outcome confirms the suspicion previously expressed on page 1591 

‘Calculated from the following specific gravities: Weights, R.3; silver, to 49; 
iodine, 4*93; air, 0.0012. 

* This Journal, 22, 144 (1900). 
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that the silver iodide obtained in the earlier determinations of the silver- 
iodine ratio was contaminated by occluded impurities. 

The Ratio of Silver to Iodine. 


No. 

of 

anal. 

ysis. 

Sample 

silver. 

Sample 

iodine. 

Weight 
of silver, 
in vacuum. 
Grams. 

Weight 
of iodine 
in vacuum. 
Grams. 

Weight of 
silver iodide 
corrected for 
solubility. 
Gram. 

Corrected 
weight 
of silver 
in vacuum. 
Grams. 

Ratio 

Ag:I. 

I 

A 

I 

7.65478 

9.00628 

0.00022 

7 65468 

0 849927 

2 

A 

I 

II 43208 

13 45 ° 6 ? 

0 00062 

XI 43 X 79 

0 849905 

3 

A 

1 

10 08602 

1 1 . 86648 

O.OOO67 

10.08571 

0 849933 

4 

A 

II 

7 24530 

8.52461 

0.00070 

7 24498 

O 849890 

5 

A 

11 

5 46366 

6 42840 

O . OOO33 

5 4635 X 

O 849902 

6 

B 

II 

705651 

8.30266 

O .00022 

7 05641 

O 849897 

7 

B 

III 

8 45918 

9 95288 

O OOO3O 

8 45904 

O . 849909 

8 

A 

11 

5 925x0 

6.97131 

O OOO42 

5 92591 

0 . 849899 

9 

A 

11 

7 97952 

9 38852 

O.OOO55 

7 97927 

O 849897 

10 

e 

11 

5.58238 

6.56811 

O 00015 

5 58231 

O 8499 IX 

11 

A 

III 

16 03919 

18 87136 

O . OO036 

16.03902 

0.8499x3 

12 

A 

II 

15 16312 

17.84091 

O OOI36 

15 16249 

O 849872 

13 

D 

II 

1 2 71182 

14 95666 

O 00027 

12 .71170 

0 . 849902 


Average, o 849906 


When the average ratio is combined with that of silver toaodine pent- 
oxide, 0.646230, the atomic weights of silver and iodine are found to be 
107 864 and 126 913, respectively. On the basis of 107 864 for the atomic 
weight of silver, the older value of the silver-iodine ratio yields 126.907 
as the atomic weight of iodine, i. e. 9 the newer value raises the apparent 
atomic weight of iodine referred to silver by 0.006 unit. It is of interest 
to note that a positive error of 0.0003 per cent, in the ratio of silver to 
iodine is necessary to lower the apparent atomic weight of .silver by one 
one- thousandth of a unit, while a negative error of 0.0002 per cent, in 
the ratio of silver to iodine pent oxide produces the same effect. The agree- 
ment of the final value for the atomic weight of silver with that recently 
found by Richards and Willard, 107.871, is as satisfactory as could be 
expected from consideration of the widely different methods employed 
in the two researches. There seems to be little doubt that the atomic 
weight of silver lies nearer 107.87 than 107.88, the commonly accepted 
value. Further evidence upon the ratio of silver to iodine is desirable, 
and it is intended to pursue the investigation by new determinations of 
the ratio of silver to silver iodide and of silver chloride to silver iodide. 

I am very greatly indebted to both the Carnegie Institution of Wash- 
ington and the Cyrus M. Warren Fund for Research in Harvard Univer- 
sity for indispensable platinum £nd quartz apparatus. 

Cambridge, Mass. 
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THE ATOMIC WEIGHT OF VANADIUM. 

By D. J. McAdam, Jr. 

Received October 21, 1910. 

Introductory. — In this laboratory, use has frequently been made of dry 
hydrochloric acid gas in making various separations, and in several atomic 
weight determinations. 

Smith and Hibbs 2 found that vanadium, as well as a number of other 
substances, could be completely volatilized from their alkali salts by 
heating in a current of dry hydrochloric acid gas. It therefore seemed 
probable that this method might be used in determining the atomic 
weight of vanadium. A new determination of the atomic weight of this 
element would be particularly desirable since the results obtained by 
previous investigators differ widely. 

Historical . — Berzelius, in 1831, 3 made four determinations of the 
atomic weight of vanadium. In three of these he reduced VA to V 2 0 3 
by heating in a stream of hydrogen; in the fourth, he reoxidized the 
VA to VA- As average of four fairly concordant results, he ob- 
tained a value which corresponds to 52 46, referred to oxygen as 16. As 
Roscoe pointed out later, Berzelius’ material undoubtedly contained 
phosphorus, a small trace of which interferes greatly with the reduction 
of VA hi VA- The ammonium molybdate test for phosphoric acid 
was unknown in Berzelius’ time. 

Roscoe, in 1867, 4 made four determinations by the method of Ber- 
zelius, using material carefully purified in several different ways. The 
average of the four results was 51 371, but the maximum and minimum 
differed by nearly one-half of one per cent. 

lie also obtained a series of nine values by determining the amount of 
silver requi ed to precipitate the chlorine from vanadium oxychloride, 
VOCI3. He did not use the proper end point for this reaction, but the 
final results would not be affected very much by this error. Loss of 
chlorine on* treatment of the VOCl 3 with water was probably a more serious 
source of error. 

In still another series of eight experiments, Roscoe weighed the silver 
chloride obtained from a known weight of vanadium oxychloride. He 
does not mention any correction for the solubility of the silver chloride 
in the wash water; if this was neglected, his value for the percentage of 
chlorine is too low, and consequently his value for the atomic weight is 
too high. The variation in the percentage of chlorine in these seven- 
teen experiments is from 60.86 to 61 55, or about 1 . 13 per cent. This, 

1 From the author’s doctoral thesis. 

9 This Journal, 16, 578; Z . a norg . Chcm . } 7, 41. 

* Kgl. Vet. Acad. Hatidl, , 1-65 (o); Ann. Physik , 22, 1-67. 

4 phil. Trans., R. S . 158, 1-27 (o). 
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of course, means a variation in the calculated molecular weight of VOCl 8 
of 1.13 per cent.; and, since the atomic weights of oxygen and chlorine 
are assumed to be known, all this variation would apply to the vanadium 
alone, and would amount to about 3.4 times 1.13, or 3.84 per cent. 
For example, the maximum calculated value for the atomic weight would 
be 52.39, and the minimum 50.44. The average of his results by both 
methods is 51 24. 

For over forty years our knowledge of the atomic weight of this element 
rested entirely on the work of Roscoe. Within the last year, however, 
two articles on the atomic weight of vanadium by Wilhelm Prandtl and 
Benno Bleyer have appeared. 1 These authors have used the same meth- 
ods that were used by Roscoe, but have used great care in avoiding the 
sources of error in the work of the earlier author. 

The vanadium oxychloride was carefully purified and kept out of con- 
tact with air until it had been weighed. Moreover, on treatment of the 
oxychloride with water, they reduced the vanadium to the valence of 
four by means of pure zinc, and thus avoided loss of chlorine. 

In order to make allowance for the solubility of silver chloride in water, 
they prepared twelve wash waters by washing the silver chloride pre- 
cipitated in the first experiment in each series: the twelve filtrates, in the 
same order, were used to wash the silver chloride in the remaining ex- 
periments of the series. 

In the first article published by Prandtl and Bleyer are given the re- 
sults of two series of experiments by this method. ■■ In Series I, consisting 
of five determinations (the first one being of course rejected), the average 
percentage of chlorine obtained from the oxychloride was 61.3095 ± 
0.0158; the maximum was 61.352 and the minimum 61.284, a variation 
of 0.11 per cent. This variation, when applied to the vanadium con- 
tent would be multiplied by 3 4, making 0.37 per cent, variation in the 
calculated value for the atomic weight. The average value for the atomic 
weight in this series is given as 51.133 ± 0.013. The authors, however, 
have overlooked the fact that the probable error in the percentage of 
chlorine must be multiplied by 3.4 to give the probable error in the 
atomic weight of vanadium; so it should be ±0.044 instead of ±0.013. 

In Series II, consisting of six determinations, the average percentage of 
chlorine “was 61.3696 ± 0.0098, the extremes being 61.405 and 61.348, 
a variation of 0.093 P er cent. This would correspond to a variation of 
0.316 per cent, in the atomic weight. The average value for the atomic 
weight in this series is 50.963, and the probable error as before should be 
multiplied by 3.4, giving ±0.027 instead of 0.008. As a mean of the 
two series, they get 51.048 ± 0.010, but it should be 51.048 ± 0.034. 

In the second article by the same authors, they have a third series of 
1 Z. anorg. Chem., 65, 152; and 67, 257. 
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four accepted values, varying from 61.301 to 61.333 for percentage of 
chlorine. As an average for the thirteen accepted values of all three 
series, they obtain 51.061. 

In the same article are recorded the results of four determinations by 
the method of Berzelius. In this series they obtained results that are con- 
siderably higher, giving an average of 51.374 ± o 033; but they found 
that the V 2 0 3 takes up oxygen so rapidly that the weight of the compound 
cannot be obtained with any certainty. It is therefore probable that 
the observed weights of V 2 0 3 are too great, and consequently the calcu- 
lated values for the atomic weight ate too high. 

The discrepancies in the results of this careful investigation have thus 
made more evident the need for a redetermination for the atomic weight 
of vanadium by a new method. 

Method and Apparatus. 

The salt of vanadium used in these experiments was sodium ineta- 
vanadate (NaV 0 3 ), the most stable of the vanadates of sodium. Some 
attempts were made to use other vanadates of sodium, but they were 
found to be unstable or indefinit. 

The metavanadate was heated in hydrochloric acid gas in order to 
drive out the vanadium and leave sodium chloride. Since the hydro- 
chloric acid has a tendency to reduce vanadates, it seemed probable that 
a mixture of hydrochloric acid gas and chlorine would drive out the 
vanadium more readily than the hydrochloric acid alone. Experiments 
proved that the presence of a small proportion of chlorine had a good 
effect. 

The gas generators and drying apparatus were constructed entirely 
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of glass, with connections of ground glass or sealed by sulphuric acid; 
the vessel in which the sodium vanadate was heated was of quartz. 

The arrangement of the apparatus is shown in the figure. 

In the vessel A, the hydrochloric acid gas is generated by allowing 
concentrated sulphuric acid to drop into strong hydrochloric acid solu- 
tion. In 13, the chlorine is generated by allowing hydrochloric acid to 
drop into the flask containing pure potassium permanganate moistened 
with water. C, C, are drying vessels containing sulphuric acid. D, D, D, 
are connectors in which sulphuric acid is placed so as to make the connec- 
tion air-tight. E is a drying tower, containing glass beads moistened 
with sulphuric acid. F, F are stopcocks so arranged that the gas from 
the generators can be shut off and a current of pure air substituted. G 
is the flask containing the sodium vanadate; it is supported by the quartz 
dish H. I is a tube of hard glass. J is a rubber stopper through which 
the tube from the gas generator passes. K is a flask containing water, 
through which the acid fumes from the generator are drawn by suction. 

Preparation of Pure Material. 

W atcr .* - The distilled water of the laboratory was redistilled once from 
alkaline permanganate, rejecting the first fourth of the distillate. It 
was then redistilled twice more, the last time with a block tin condenser; 
in .some of the later preparations a quartz condenser was used. The 
water seal invented by T. W. Richards was used in all distillations. 

When used for crystallizations, the water was either allowed to run 
from the condenser directly into the platinum dish; or wa* collected in a 
quartz flask. 

Sodium Metavanadate . — The chief source was iron vanadate that is 
used in the preparation of ferro-vanadium. It contained not more 
than a trace of phosphorus or molybdenum. 

The iron vanadate wa>s changed to sodium vanadate by boiling with 
caustic soda or sodium carbonate, filtering off the ferric hydroxide, and 
evaporating the filtrate to crystallization. It was purified by several 
different methods, and its freedom from phosphorus and molybdenum 
was tested and proved. 

Sample A. — A mixture of vanadic acid and acid vanadate of sodium 
was boiled with a slight excess of C. P. sodium carbonate. It was then 
recrystallized five times in glass from ordinary distilled water, and twice 
in platinum from twice distilled water. The crystallization was carried 
on in a room free from acid fumes, so in this sample no special precau- 
tions were taken to keep the material out of contact with the air of the 
room. The sample was dried and preserved in porcelain dishes in a desic- 
cator, over sulphuric acid, that had been boiled with ammonium sul- 
phate. 

Sample B . — Some metavanadate containing phosphate, was recrys- 
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tallized a few times, rejecting the first crop of crystals each time. The 
phosphate was thus almost completely removed. The partially purified 
metavanadate was now recrystallized six times in glass and once in 
platinum from twice distilled water, being drained by suction each time. 

It was next crystallized six times more in platinum by dissolving in 
hot water, cooling, and distilling into the dish some twice distilled alcohol. 
The substance separated ou in small crystals and settled rapidly, leav- 
ing a large volume of liquid, which was poured off. It was next recrys- 
tallized twice from water, by allowing the crystals to form slowly with- 
out stirring. For each crystallization several weeks were required, and 
considerable liquid was left, which was poured off. The substance was 
dried and kept in a desiccator over caustic soda. 

Sample C. -Some sodium vanadate, which had been crystallized sev- 
eral times, was recrystallized twice more in porcelain, from ordinary dis- 
tilled water. It was then recrystallized in platinum, three times from 
ordinary distilled water and three times from thrice distilled water. It 
was kept in a desiccator over caustic soda during crystallization. 

Centrifugal drainage was used during the last five crystallizations, 
the material being rotated in a perforated platinum cone. Not enough 
time was allowed to each crystallization, consequently the crystals formed 
in a pasty mass, which did not drain well. This error was avoided in 
later preparations. 

The crystals were now dissolved in hot water and allowed to stand in 
a desiccator over caustic soda; crystals formed slowly and the remaining 
liquid was poured off. The solution was yellow at first, but as crystal- 
lization proceeded it became colorless. 

Sample D . — The mother liquor from sample C was put in a desiccator 
over caustic soda and allowed to evaporate to dryness. A little over two 
grams were obtained, and this was used later as a test for the neutrality 
of sample C. 

Sample E . — Since later results indicated that .sample C still contained 
excess of alkali, a portion of it was recrystallized twice more, with centri- 
fugal drainage, and was washed each time with a little distilled water. 
The crystallization was allowed to take place slowly ; so the substance 
was not pasty as in sample C, and drained readily, giving a light yellow 
filtrate. Contact with the air of the room was prevented as much as pos- 
sible by keeping it in a desiccator over caustic soda during crystalliza- 
tion. 

The material had now been put through eleven crystallizations alto- 
gether, and later results indicated that it was free from excess of alkali. 

Sample F. — Crude sodium vanadate was acidified with sulphuric acid 
and the precipitated vanadic acid washed repeatedly with distilled water; 
it still gave a test for sulphuric acid. 
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It was then treated with a large quantity of water and reduced to vanadyl 
oxalate by heating with oxalic acid. A slight excess of ammonium 
oxalate was added and the double ammonium oxalate crystallized out on 
evaporation and cooling. After three crystallizations, with drainage by 
suction, no trace of sulphate could be detected, and the material was 
probably free from phosphoric and molybdic acids. 

By addition of excess of ammonia, a brown precipitate of ammonium 
vanadite was obtained, which was filtered and washed several times. 
It was then heated to get rid of ammonia, and fused with sodium carbon- 
ate. The water solution was still greenish, so the oxidation was com- 
pleted by addition of a little sodium peroxide. The analyses of the 
sodium carbonate and sodium peroxide, according to J. T. Baker, showed 


th following: 

Na 2 C 0 3 Na a O*. 

Percent. Percent. 

Fc o <K)C3 Fc . . 0.003 

A 1 2 O i} . o 0002 AL,O t . ... 0.001 

CaO 0.008 Cl . . . .0 007 

Si 0 2 . o 001 S 0 3 o .001 

A 0.085 Xa 2 0 2 . . . 83 r 

S 0 3 ... o 001 CO, - ... 0.32 

H 2 0 . ... . . o 05 


The sodium vanadate was now crystallized eight times in porcelain 
and three times in platinum from ordinary distilled w r ater, suction being 
used after each crystallization. It was now r practically neutral to phenol- 
phthalein. It was next crystallized four times more from thrice distilled 
water, each time with centrifugal drainage and washing. The last three 
times the distilled water came in contact with nothing but quartz and 
platinum. 

Special precautions were taken to avoid contact with carbon dioxide 
of the air during the last few 7 crystallizations. 

The effect of carbon dioxide of the air could be only slight, but ex- 
periments showed that it affects the equilibrium to a certain extent. 
To show the effect of carbon dioxide, the gas was prepared by the action 
of dilute sulphuric acid on sodium bicarbonate, and passed through two 
bottles of sodium bicarbonate solution, and thence through a vessel con- 
taining glass, beads moistened with water. The purified gas was then 
passed into some of the nearly colorless solution of raetavanadate, and 
soon turned the solution deep orange-red. The equation might be epre- 
sented as follows : 

4 NaV 0 3 + H 2 0 + 2 C 0 2 - Na*V 4 O n -F 2NaHC0 3 . 

On boiling this orange-colored solution, or putting it in a desiccator 
over caustic soda, the reverse reaction takes place, carbon dioxide is 
given off, and the solution becomes colorless. If the metavanadate 
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contains excess of alkali or sodium carbonate, only a faint yellow color 
appears on passing in carbon dioxide, since the increased mass of bicar- 
bonate favors the reverse reaction. 

Metavanadate solutions are usually colorless when hot, and yellow 
when cold, but an experiment tried on some of the pure material seems 
to indicate that the yellow color is due to traces of acid vanadate caused 
by carbon dioxide of the air. A solution of the metavanadate, which 
was light yellow in color, was heated to boiling in a glass flask. On cool- 
ing in contact with the air, a yellow color appeared ; but if the flask was 
stoppered while the liquid was boiling, no color appeared on cooling. 

These experiments prove that carbon dioxide of the air can have no 
effect on the solutions when they are hot; and therefore its effect would 
be negligible in preparing sodium metavanadate, if the material is kept 
in a desiccator over caustic soda. The substance which had thus been 
put through fifteen crystallizations was cream colored. It was neutral 
in hot or cold solution to methyl orange, litmus or phenolphthalcin. 
The fused substance was colorless and transparent. 

Hydrochloric and Sulphuric Acids . — For all but the last two experi- 
ments, ordinary C. P. acids were used. Since the method of generating 
the hydrochloric acid gas was a purification in itself, it was thought 
that the ordinary acids would be sufficiently pure. 

If the hydrochlroie acid contained any hydrobromic acid, the bromine 
would be set free and driven out by the action of the chlorine. No arsenic 
would remain with the sodium chloride in the final weighing, since it is 
easily volatilized by heating in contact with hydrochloric acid gas. Any 
sulphur dioxide in the sulphuric acid would be oxidized by chlorine and 
remain in the drying vessels. 

Nevertheless, in the last two experiments, special hydrochloric and 
sulphuric acids were used, containing no arsenic, nitric acid, or sulphurous 
acid, and only a trace of iron, according to the analysis of J. T. Baker. 

Balance and Weights . — A Staudinger balance, sensitive to o.ooooi 
gram, was used in these experiments. It was kept in the basement, in a 
room that was used for no other work ; the balance rested on a brick and 
stone support that was sunk directly into the ground. 

The weights were kindly loaned by Professor Franklin of the Physics 
Department of Lehigh University. The larger weights were of brass, 
gold-plated, and the smaller weights were of platinum. They were care- 
fully standardized, and allowance was made for the buoyancy of the 
air; the standardization was repeated several times in the course of the 
experiments. 

All weighings were by substitution, and were corrected for the buoyancy 
of the air. A counterpoise was always used of the same size and ma- 
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teriai as the vessel to be weighed, and the vessel was always left near the 
balance for several hours before weighing. 

Dehydration of the Sodium Metavanadatc. — The powdered substance, 
when heated for several hours at 385°, still retains about o 05 per cent, 
of moisture. It melts at a dull red heat, and on cooling forms white 
radiating crystals, slightly hygroscopic. If heated for a time at bright 
redness, it appears to lose weight continuously, although very .slowly; 
by fusion at dull redness, however, it is easy to get a constant weight. 

Specific Gravity of Anhydrous Sodium Vanadate. — The .specific gravity 
of the fused salt was determind by putting a known weight of the sub- 
stance into a pycnometer, filling the pycnometer with alcohol and weigh- 
ing it. 

The weight of alcohol required to fill the pycnometer was 14.593; 
the weight of sodium vanadate used was 5.4375, and the weight of the 
sodium vanadate and alcohol required to fill the vessel was j 8. 4335. 
Therefore the weight of alcohol displaced by the vanadate was 14 593 — 
(18.4335 — 5 4375) - 1 600. Since the specific gravity of the alcohol 
was 0.82, the specific gravity of the sodium vanadate is 5.437/1.600 X 
0.82 = 2.79. 

Corrections for Buoyancy of the Air. 

The correction for the weight of one gram of sodium vanadate is equal 
to the weight of 1 cc. of air multiplied by the difference between the vol- 
ume of 1 gram of vanadate and x gram of weights. The temperature 
varied from 20 to 30 0 in the progress of the experiments, but the pres- 
sure did not vary much from 750 mm., so the correction was calculated 
for 25 0 and 750 mm. The weight of 1 cc. of air under these condi- 
tions is 0.001 17, the volume of 1 gram of vanadate is 0.358 and of 1 gram 
of brass o . 1 19 ; therefore the correction for 1 gram of vanadate is o . 001 1 7 X 
(0.358-0.119) = -f 0.00028. For 1 gram of sodium chloride, using the 
accepted value 2 14 for the specific gravity, the correction is 0.00117 
(0.468-0.119) — 4*0.00041. 

Experiments and Results. 

Several modifications of the vessel used to contain the sodium vana- 
date were tried before a satisfactory form was found. 

, It was found impossible to remove all vanadium from the vessel unless 
a fresh surface of material was frequently exposed to the action of the 
gases. This could be done only by moistening the substance and again 
drying it. To admit of this treatment, a flask, G, of the form shown in 
the figure, was designed; the flask and inner tube were made of quartz. 
The small bulbs prevent loss of sodium chloride by decrepitation. 

In order to get the weight of the sodium vanadate, it was fused in a 
jplatinum capsule and rotated just before solidifying, so as to spread the 
Jiubstance in a thin layer ; the total weight of capsule, vanadate and a 
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platinum rod was then taken. By means of the platinum rod, the vana- 
date was then broken up and as much as possible transferred to the 
weighed quartz flask, which was held vertically. After again heating 
the capsule and rod, the loss in weight indicated the amount of sodium 
vanadate transferred to the flask. 

The apparatus was now adjusted and hydrochloric acid and chlorine 
were passed through the quartz vessel while it was heated. The quartz 
dish H was heated by a Bunsen burner, and two other burners were ar- 
ranged above the vessel, so as to radiate sufficient heat downward; a 
small flame was also placed under the exit tube and thus any crawding of 
material was prevented. 

When as much as possible of the vanadium had been removed, a little 
water was added to the substance in the flask, and it was again dried 
in the stream of gas, being rotated at the last in order to spread the ma- 
terial over the inner surface of the vessel. 

In this process, the sodium chloride first dissolved in the water, leav- 
ing the \anadium; then, as the hydrochloric acid was passed in, the 
vanadium dissolved and the sodium chloride crystallized out. As the 
liquid evaporated, the vanadium compound was left on the surface, 
where it could be attacked by the gases. 

After three or four of these treatments, the vanadium could all be diiven 
out of over nine grams of vanadate, leaving a perfectly white residue 
which gave no indications of vanadium by the aniline test. 

The aniline test was wrnrked out by Witz and Osmond, 1 and is of value 
in estimating very small quantities of \anadium. It depends on the 
fact that vanadium salts are easily oxidized and reduced, and therefore 
can act as oxygen carriers. 

If a solution of potassium chlorate is added to a solution of aniline 
hydrochloride, heated to boiling, and allowed to stand at room tempera- 
ture, no coloration appears. If, how r ever, a trace of vanadium is present, 
a color appears, varying from light yellow to black, according to the 
amount of vanadium present. More than a trace of vanadium will cause 
a precipitate of aniline black. The sensitiveness is increased by the 
presence of a .small quantity of dilute hydrochloric acid, but a larger 
quantity will cause a precipitation of aniline black, even when no vana- 
dium is present. 

In making this test, a standard vanadium solution was used, contain- 
ing about o.ooo i gram V 3 0 5 to i cc.; this was used for color comparison 
as in the Nessler test for ammonia, and in neutral solution was about as 
delicate. 

The time required to get all the vanadium out was about thirty hours 
of actual heating, and seemed to be independent of the quantity of vana- 
1 Bull, soc . chitn., (2) 45, 309. 
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date used. The white color of the sodium chloride proved to be a very 
good indication of its freedom from vanadium. 

An attempt was made to use a Jena glass flask, but it cracked at a 
critical moment, so a quartz flask with straight neck and Jena glass 
inner tube was next tried. Only one experiment was completed, because 
the inner tube fused in contact with the quartz, when the sodium chloride 
was finally heated to fusion; the results of this experiment are recorded 
und$r (i) in the table. The material used was Sample A. 

It was necessary to send to Germany and have two quartz flasks made 
of the form shown in the figure. 

An advantage of the use of the quartz apparatus is that the sodium 
chloride could be heated to complete fusion in the vessel and all moisture 
thus removed. It was found that the fusion caused practically no loss 
by volatilization, and a quite definit weight for the salt could be ob- 
tained. The losses on heating were about as follows: The flask and 
salt were weighed after fusion of the salt on the edges. After complete 
fusion, there was a loss of 0.0012 gram. After again fusing it for several 
minutes to the highest temperature of the blast lamp, there was a further 
loss of 0.000 1, or sometimes 0.0002 gram. The last weight was taken 
as correct. The bulb on the inner tube nearly closes the outlet to the 
flask, when it is held vertically, and this evidently prevents lo#s by vola- 
tilization. 

Another quartz apparatus of the same size and shape w T as used as a 
counterpoise, the difference in weight by substitution • of the"' flask and 
counterpoise being taken; on the opposit pan of the balance a quartz 
dish of the same weight was used as a tare. It was necessary to leave 
the apparatus in the balance case for several hours before the final weigh- 
ing was taken. On being transferred from desiccator to balance case, 
the flasks seemed to lose about 0.001 gram in weight in the first hour; 
after that the weight would be practically constant. The loss was un- 
doubtedly due to the fact that the flasks were filled first with the dry air 
of the desiccator and then with the moister air of the balance case. 

After getting the final weight of the flask and fused sodium chloride, 
the flask was rinsed out with distilled water, heated with a blast lamp, 
and again weighed. The difference in weight is recorded in the table 
as ‘‘loss on rinsing.*' 

On the second experiment, there was a slight increase in weight of 
the flask, and at the same time a slight greenish yellow coloration ap- 
peared in the neck. The yellow color remained through all the experi- 
ments; and the weight of the flask remained practically constant except 
in experiment IV. 

In experiment IV there was a considerable gain in weight of the flask 
and an increase in the yellowish color on the neck. The increased color 
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persisted until the inner surface of the neck of the vessel had been rubbed 
with a cloth moistened with various reagents, such as acids, ammonia 
and caustic potash. This treatment caused the yellow color to fade 
somewhat and the weight of the flask to become normal. 

On heating the neck of the flask with the blast lamp, the color would 
travel around to the opposite side from the flame, but could not be driven 
away. 

Our explanation is that some vanadium vapors were taken up by the 
quartz in the neck of the apparatus, where the heat was much less than 
in the body. 

By taking the loss of weight on rinsing, this would not cause any error 
in the results. 

The solution obtained by rinsing out the vessel showed a very slight 
turbidity which looked like silica. In one case, a few shining scales 
could be noticed, which evidently came from the quartz flask. This 
was undoubtedly due to the contraction of the fused sodium chloride on 
cooling; although it was spread as thin as possible, it always broke apart 
with considerable crackling. 

The solutions obtained in the last live experiments were filtered through 
a small filter whose ash weighed o 00003 gram; after ignition in a plati- 
num crucible the weight of the silica was obtained. 

Just how to apply this correction was somewhat of a puzzle. If the 
silica came from the quartz vessel, its loss was evidently balanced by 
other material absorbed, for the weight of the vessel did not decrease, 
and yet in one case a slight corrosion of its f walls was visible. It was 
finally decided to assume that the silica came from the flask, and subtract 
its weight from the “loss on rinsing.” If part of it came from the sodium 
vanadate, our method of correction would not be far wrong, since the 
silica would aflect the observed weight of sodium chloride over twice as 
much as that of the vanadate. 

In practically all cases the filtrate from the silica was tested for vana- 
dium by the aniline test, and any trace thus indicated was subtracted 
from the “loss on rinsing.” 

The- results of five experiments are given in the table in the order in 
which they were obtained. 

Average is 50.967 ± 0.006. The atomic weights of sodium and 
chlorine were assumed to be 23 00 and 35 46, respectively. 

The sample used in V had been the most carefully prepared of any of 
the series, and the amount of material used was so large that the per- 
centage error in the weighing of the sodium chloride would be considera- 
bly diminished. So perhaps this should be given more weight in making 
up the average. 
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Number. 

I. 

n. 

ill 

IV. 

V. 

Date. 

1909. 

1910. 

1910. 

1910. 

X9IO. 

Sample. 

A. 

B. 

B. 

E. 

F. 

Color of fused vanadate 

Colorless 

Nearly 

colorless 

Nearly 

colorless 

Nearly 

colorless 

Colorless 

Wt of NaVO s in air . 
Correction for buoyancy 

4 • 8550 

5.6388 

4-4 2 5i 

5 7789 

9-4875 

of air. . 

0 0014 

0 0016 

0 0012 

0.0016 

0 0027 

Wt. of NaVCL in vacuum. 
Excess wt. of counter* 

4.8564 

5 6404 

4-4263 

5 7805 

9.4902 

poise over flask — before. — 0 8609 
Excess wt of counter- 

2 . 1286 

2 128 2 

2 1283 

2.1283 

poise over flask — after. 
Excess of wt. of flask, 
and NaCl over coun- 

.... 

2 . 1282 

2 1283 

2.1257 

2 . 1282 

terpoise 

3 • 1876 

0 . 5746 

** 0 0062 

0 . 64 50 

2.4187 

Loss of wt. on rinsing . 


2 7028 

2 .1221 

2.7707 

4 5469 

Wt. of silica 


0 0006 

0 00094 

0 . 0008 

0 .0009 

Wt. of vanadium left. . 

None 

None 

b . 00006 

0 00005 

0 00005 

Wt. of NaCl in air. . 
Correction for buoyancy 

2 3267 

2 7022 

2 1211 

2 7699 

4 5460 

of air 

0 0010 

0 001 1 

0 0009 

0 001 1 

0.0018 

Wt. of NaCl in vacuum. . 

2.3277 

2 • 7033 

2 . 1220 

2 .7710 

4 5478 

Mol. wt. of NaVO, . . 

1 21 966 

121.976 

T 2 I 946 

121 952 

121 997 

Atomic wt. of vanadium. 

50 966 

50.976 

50 946 

50 95-’ 

* 5° 997 


The experiments had to be interrupted at this point, but it is intended 
to make another series at some future time, using from seven to ten grams 
of vanadate in each experiment. 

• Conclusion. 

This series of fairly concordant results, obtained with material prepared 
in .several different ways, proves that sodium metavanadate is a definit and 
stable compound, and that it can be prepared free from excess of alkali 
and from acid vanadates. 

The errors which would make our calculated values for the atomic 
weight too high are: Presence of acid vanadate, silica, or moisture in 
the fused sodium vanadate, and loss of sodium chloride by decrepitation 
or volatilization. 

The errors which would make the calculated value too low are:* Pres- 
ence of excess of alkali in the fused vanadate, and presence of moisture 
in the sodium chloride. 

It is hard to see how our calculated value can be too low, since correc- 
tion has been applied for silica and for any vanadium remaining in the 
sodium chloride and the moisture must have been completely removed. 

This work, in connection with that of Prandtl and Bleyer, therefore 
indicates that the value for the atomic weight of vanadium is about 
51.0 instead of 51 .2. 
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A METHOD FOR DETERMINING THE MOLECULAR WEIGHTS OF 
DISSOLVED SUBSTANCES BY MEASUREMENT OF 
LOWERING OF VAPOR PRESSURE . 1 

By Alan W C Mknzies 
Received October 26, 1910 

Among the methods available for measuring the molecular weights 
of substances in solution, the cryoscopic and the ebullioscopic methods 
are most commonly used. The method of directly measuring the lower- 
ing of vapor pressure due to the dissolved substance has not been com- 
monly applied for molecular weight determination owing, perhaps, to 
the difficulty of obtaining trustworthy values of vapor pressure by the 
static method, even when elaborate apparatus is employed. It is pro- 
posed in the present paper to describe an apparatus and procedure by 
means of which, without any thermometer, molecular weights may be 
simply determind in the laboratory by static measurement of vapor 
pressure, with an accuracy at least equal to that obtained by the ebullio- 
scopic method. 

In 1858 Wullner, 2 working with aqueous solutions, found the lowering 
of vapor pressure roughly proportional to the concentration of the dis- 
solved substance. The fact that workers 3 in this field confined their ob- 
servations to aqueous solution of salts, which are abnormal, prevented 
the recognition of the underlying regularities until as late as 1886-7. 
Raoult’s work 1 of that epoch is the basis of the present-day cryoscopic 
and ebullioscopic methods. 

Raoult used a barometer tube, static method for measuring vapor 
pressures of solvent and solution. As with all static methods, chief 
among the sources of error are (1) the difficulty of completely elimina- 
ting gaseous and volatil impurities, and (2) the variation of the super- 
ficial concentrations of solutions due to evaporation and condensation. 
Even were it sufficiently accurate, Raoult’s apparatus is too cumbrous 
for every-day use in molecular weight determination. 

1 Read before the American Chemical Society, Dec 31, 1909. 
a Pogg. Ann., 103, 529 (1858); 105, 85 (1858); no, 564 (i860). 
a For example, Pauchon, Compt. rend., 89, 752 (1879); Tammann, Wied . Ann., 24, 
523 (1885); Emden, Wied. Ann , 31, 145 (1887). 

4 Compt. rend., 103, 1125 (1886); 104, 976, 1430 (1887); 107, 442 (1888); Z. 
physik. Chem., 3, 353 (1888); Ann. chim . phys., [6] 15, 375 (1888). 
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Air-current or air-bubbling dynamic methods for vapor pressure meas- 
urement 1 always appear promising but, perhaps on account of their in- 
flexibility hitherto, they have not come into general use for the purpose 
under consideration. 

After evolving his form of freezing point apparatus, Beckmann 2 turned 
his attention to devising a workable method of molecular weight deter- 
mination by vapor pressure measurement. He discarded those meth- 
ods which he tried, however, in favor of his well-known ebullioscopic 
method. With the benefit of the experience of these earlier workers, 
Biddle 3 described a vapor pressure apparatus for molecular weight de- 
termination; this, however, is somewhat complex, requires the use of a 
thermostat, and is applied only to the very volatil solvents, ether and 
carbon bisulphide. 

The Apparatus . 4 — As will be seen from Fig. i, the apparatus here pro- 
posed consists of a jacket, in which the solvent is boiled, attached to a 
small reflux condenser, and an inner “ test-tube ” fur- 
nished with a pressure gage tube and a glass stopper. 
The dimensions of the jacket are, length 27 cm., diam- 
eter 3.5 cm.; those of the inner “test-tube/’ total 
length 30 cm., diameter 2 3 cm. The side tube lead- 
ing from the jacket to the condenser is of .glass of 1 
cm. bore, so that the solvent may boil under a pressure 
no greater than barometric. The connection may be 
made with an 8 cm. length of rubber tubing, furnished 
with a screw clip. When the glass stopper is removed 
and the clip closed, the vapor of the liquid boiling in 
the jacket is obliged to escape by blowing through the 
gage tube, which is open at both ends, into the test 
tube. The narrow (6 mm.) U-shaped side tube at- 
tached to the jacket returns the cold condensed vapor 
from the condenser to the lower portion of the jacket, 
thus avoiding chilling of the upper portion of the test 
tube. The latter is graduated in cubic centimeters from 
15 cc. upwards, and the gage tube (diam. 5 mm.) in 
Fig. 1. millimeters of length (total about 140 mm.) from above 

1 Cf. Regnault, Ann. rlnrn. phys [3] 15, 129. Tammann, Wicd. Ann 35, 322. 
Walker, Z. physik. Chem.., 2, 60 2. Will and Bredig, fier., 22, 1084. Carveth and Fowler, 
/. Physig Chem ., 8, 313 Kahlenberg, Science , 22, 74. Earl of Berkeley and Hartley, 
Proe. Roy, Soc. London , 77, 156, Perman, Proc. Roy. Soc., London, 72, 72. Lincoln 
and Klein, J. I’hystc Chem., ii, 318. Krauskopf, Ibid., 14, 489. 

. 2 Z phynk. Chem., 4, 53?. 

8 Am. Chem. J., 29, 341 

4 This may be had from the Central Scientific Co., 349 W. Michigan Street, Chi- 
cago, 111. 
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downwards. The two sets of graduations are readable from aspects at 
right angles to each other, so as to avoid confusion. At its foot, the gage 
tube is blown into a small bulb in which are pierced a number of holes 
to distribute the vapor as it issues. A glass stopper, with a glass-rod 
handle (length 12 cm.), fits the constricted neck (diam. 12 mm.) of the 
test tube, while the test tube itself fits into its jacket by a ground joint. 
The purpose of the jacket is to maintain the test tube and its contents 
at a constant temperature — the boiling point of the solvent — while the 
purpose of the test tube is to contain the solution whose vapor pressure 
is being measured. The pressure measurment is made in terms of the 
difference of level of the solution in the gage tube and the test tube, 
that is, in terms of millimeters of a liquid of low density compared to 
mercury. Differences of pressure that are small in terms of millimeters 
of mercury may therefore be measured with accuracy, and this permits of 
the use of very dilute solutions. 

The Procedure. — The procedure followed in making a molecular weight 
determination may properly be described in some detail. The bulb of 
the jacket is charged two-thirds full with the pure solvent, the empty 
“test tube’' replaced in position, and the liquid boiled with a .small naked 
flame for ten minutes under its reflux condenser, in order to expel dis- 
solved gases. The flame is then removed, the test tube taken out and 
charged two-thirds full with the boiled-out liquid from the jacket and re- 
placed in position with its stopper left out. The liquid in the jacket is 
again boiled for a minute to expel air, after which the screw-clip is closed 
sufficiently to cause a vigorous bubbling of vapor through the liquid in 
the test tube. After this “blowing-through” process has continued 
two or three minutes, the stopper is warmed up by inserting it obliquely 
in position. Vapor can still escape, but the condensed liquid collects to 
form several drops above the stopper. When this has taken place, the 
stopper is pushed home, the liquid above it serving to make the joint gas- 
tight, and at the same moment the screw clip is fully opened. At this stage, 
the temperature of the liquid in the test tube is slighly higher than the 
boiling point, because the liquid in the jacket has been boiling under a 
slightly increased pressure in order to cause the “blowing- through.” 
The apparatus must therefore be allowed to stand for a few minutes until 
the temperature of the vapor chamber adjusts itself to the true boiling 
point of the solvent. As the jacket is clamped loosely only at its neck, 
the apparatus may be shaken occasionally with a jerking motion, by 
way of stirring. 

If the dissolved gases have been removed, and if the solvent is per- 
fectly pure and dry, the relative levels of the liquid in the test tube and 
gage tube will now be precisely the same as they were before the stopper 
was inserted; unless the solvent has been very. carefully purified, how- 
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ever, such theoretical perfection will not be quite attained. It is obvious 
that the liquid in the gage tube stands somewhat the higher of the two, 
on account of capillarity, as shown in Fig. 2 (a). This reading of difference 
of level is taken as the zero reading, and affords an 
excellent test of the adequate purity of the solvent. 
Should the zero reading be unsatisfactory, the pro- 
cess of blowing- through may be repeated until at 
least constant results are obtained. All readings 
are conveniently made with the help of a small lens. 

On removing the stopper, the substance may 
now be introduced in the form of weighed pastils, 
or otherwise. Solution is assisted by a gentle 
“blowing- through/’ which is necessary also to re- 
move air. When the liquid is judged to be homo- 
geneous and air-free, the stopper is again inserted, 
exactly as before, and the apparatus allowed to stand 
with shaking every half minute or so. At this stage 
the shaking, which should jerk the solution so as 
2 - to wash the upper portion of the vapor-chamber 

walls, is very essential if surface films of abnormal concentration are to 
be avoided. By the circulati©n it causes, shaking also haAens the cool- 
ing of the central portions of the solution to the boiling point of the pure 
solvent. At no time, of course, must the boiling of the pure solvent in 
the jacket be interrupted. In about ten minutes, when the difference of 
level (see Fig. 2 ( b )) after successive shakings has become constant, the 
reading is made and corrected by the zero reading . 1 The stopper is now 
removed and the volume of the solution read off, the liquid above the 
stopper being first removed by filter paper. 

Further measurements may be made at different concentrations, 
either by adding more solute or else by blowing through for some time 
and so adding more pure solvent. Such further measurements are, 
however, usually unnecessary, since, with the very dilute solutions em- 
ployed, the values first obtained are hardly improved by the method of 
extrapolation to infinit dilution. 

In the case of solvents as volatil as carbon disulphide, a common test- 
tube filled with cold water may be inserted in the projecting upper por- 
tion of the “test tube” during the blowing- through process, if necessary 
to assist condensation. If, for any solvent, the rubber connection is 
considered objectionable, a glass stopcock 2 of large bore may take the 
place of the screw clip, and the use of rubber be entirely avoided. 

1 If the apparatus be allowed to stand over a couple of minutes without shaking 
a slo\£ (/ change of level appears, caused by distillation within the vapor chamber to- 
wards the stopper. 

* To regulate more easily the passage of small quantities of vapor, notches should 
be filed at the sides of the holes piercing the stopper of the cock. 
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Calculation of Results. — From the well-known relationship 

p — P' = P°Kp — °) 

where, at any temperature, p is the vapor pressure of the pure solvent, 
p f that of the solution, P the osmotic pressure of the solution, p its density 
and a the density of the vapor under the pressure 1 />, one may, in the case 
of very dilute solutions, by assuming van’t Hoff’s law and making the ap- 
propriate substitutions for P and <7, deduce for a barometric height of 
760 mm. : 

P — P'(m mm. mercury) = n • m • 760/ 1000 (p — o) 
where n is the number of dissolved moles per liter of solution, and m is 
the molecular weight of the solvent in the gaseous state. In millimeters 
of solut on partially counterpoised by vapor of density <7, this would be- 
come, if n , = 1, 

p — p ' (in mm. solution) = m • 760* 13.59/1000- (p — a ) 2 
where 13 50 is the density of mercury at o°. By assuming that p — a 
is equal to the density of the pure solvent 2 at its boiling point, one may 
thus calculate for a series of solvents the values of K 7i)i) = p — />' ===== the 
lowering of vapor pressure in mm. of boiling solvent that would be caused 
by the presence of one mole of non-volatil solute in one liter of solution, 
the barometer being normal. The values of K im for some of the common 
solvents are as follows : 


Solvent. 

Density at 
boiling point 



Benzene 

0 8140 

1214 


Alcohol 

O 7389 

871 

5 

Water 

. O 9587 

20 2 

5 

Chloroform 

I 4101 

020 

4 

Acetone ... 

O 7518 

lo6l 


Ether 

O 6968 

ES 77 


Carbon disulphide 

I 2223 

526 

6 

Ethyl acetate . . 

O 8302 

1320 


Ethylene dibromide . 

1 9423 

514 

.6 


If desired, the actual value for p for any solution may be found directly 
by making a weighing of the test tube and its contents, in addition to 
reading off the volume of the solution, and a may be calculated. This, 
however, is unnecessary for the ordinary purposes of molecular weight 
determination, and was not done in the examples given below. 

p-~ p ' 

1 Should p — — be preferred, since with this apparatus p - — />' has values 

2 

from about 3 to 7 mm. of mercury, the constants K would become from one-quarter 
to one-half per cent, smaller. 

a At their boiling points under 760 mm., a for carbon bisulphide, benzene, chloro- 
form and alcohol has a value about 0.24, o 33, o 31 and o 32 per cent., respectively, 
of p. If the densities of the solutions used in this apparatus exceeded the density of 
the pure solvent by precisely these amounts, no error would be committed by the as- 
sumption made. 
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The change of p due to a change of boiling point of the solvent caused 
by a barometric divergence of io mm. from the normal is of the order' of 
i part in 1000, and is therefore negligible. 

Knowing the value of K no as given above, the molecular weight may 
be calculated from the formula 

M = 1000 W • K* B/L* V • 760 

where W is the weight of solute added, L is the measured lowering of 
pressure in mm., V is the volume of the solution in cc., and B is the baro- 
metric height. 

Examples of Results. — The table below gives examples of the results 
Obtained with six solvents. The benzene was the erystallizable, thio- 
phene-free product of Kahlbaum and was dried and distilled over sodium 
The carbon disulphide was distilled once. The alcohol, also Kahlbaum’s, 
was dried and distilled over barium oxide. The chloroform was freed 
from alcohol by washing with chromic acid mixture and dried over cal- 
cium chloride. A quantity of acetone, from the disulphite compound, 
was distilled once with a llempel’s fractionating tube, and the first por- 
tion of the distillate taken. The solutes were also the preparation of 
Kahlbaum, and were used without further purification other than dry- 
ing, In the table, the results of Beckmann 1 and of Walker and Lums- 
den 2 are added for comparison. The figures refer to the lowest and the 
highest concentrations which they used : 


Weight of 

Volume of 

Lowering 

Molecular 

Beckmann 

W &L 

solute. 

solution. 

observed, weight fou ml 

found 

found. 



Solvent, 

Water, 





Potassium Nitrate, 101. 



0 6ll 

36-7 

57-1 

5<>.9 


53 

O.611 

37-7 

56.9 

57 0 



O.611 

38.2 

56.4 

56 6 





Sodium Chloride, 58.5. 



0-351 

38.0 

56.2 

32*5 


32 

0 579 

40.4 

84.4 

33*3 



0.488 

33-8 

84.4 

33*4 





Solvent , 

Benzene . 





Naphthalene, 128. 



0 3”5 

48.1 

60.1 

128.6 

* 41-144 

1 39-141 

0.5118 

49.1 

105.2 

127*5 



0 3237 

46.1 

65.2 

128.0 



0 . 5092 

46 8 

101 .6 

127 3 





Anthracene, 178. 



0.336 

45 ® 

48.5 

186.2 

I92 

184-187 


1 Z. physik. Chem ., 6, 437. 
* J. Chem, Soc ., 73, 502. 
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Weight of Volume of Lowering Molecular Beckmann W & L. 

solute. solution. observed, weight found. found. found. 


Solvent, Carbon Disulphide. 

Naphthalene, 128. 


0.4166 

43 2 

32.2 

126.3 

j 31-Mi 


0.7632 

43-8 

69 6 

128.6 



I 0386 

44 3 

95 7 

125.9 





Anthracene, 178. 



0 8504 

44-7 

55 0 

178 2 

175-185 


1-4255 

46 5 

90 8 

173 9 



I 8503 

51 0 

109 0 

171 4 





Solvent , 

A Icohol. 





Naphthalene, 128. 



0.425 

37 -o 

64.1 

T 53 7 

148-155 

* 47-*57 



Mercuric Chloride, 2 71. 



I 058 

42 .0 

83 0 

260 2 

263-271 

261-263 



Solvent , Chloroform, 





Naphthalene, 128 



0.447 

43 t 

47 5 

133 4 

128-133 

125-126 

0.865 

43 5 

93 ( > 

129 9 



0 . 804 

44 7 

81.5 

136 0 





Solvent, 

Acetone. 





Naphthalene, 128 



0.3264 

41 0 

60 4 

133 2 

128-155 


0 3424 

39 .6 

68.6 

131 8 



0 3424 

39 7 

68 6 

131 9 



0 4874 

40 . 8 

92 2 

133 5 




For the following determinations I am indebted to Mr. Severin Gertken, 
who was without previous experience of molecular weight determination 
by any method : 

Weight of Volume of Lowering Molecular Beckmann W. & L. 

solute. solution observed, weight found. found. found. 

Solvent , Carbon Disulphide. 

Benzil, 210. 


1.851 

47 4 

98 9 

206 . 5 

217 



Benzophenone, 182. 


1 069 

47 2 

59 6 

195 9 

00 

♦v 

! 

00 

1 .069 

47-3 

59-7 

196 3 




Naphthalene, 128. 


0.988 

5 i 6 

77-4 

127.6 

131-141 



Solvent , 

Benzene. 




Benzil, 210. 


0 650 

50-3 

26.1 

203.0 

216-256 



Ethyl Benzoate, 150. 


0.662 

53-2 

90.5 

164.5 

163-172 
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Weight of 

Volume of 

Lowering 

Molecular Beckmann 

W. &L 

solute. 

( 

observed, weight found. found. 

Solvent, Water. 

Boric Add, 62. 

found. 

I JO 1 

43 0 

<>o 7 

61.6 64.6-66 9 


1.147 

46 7 

79.2 

62 . 1 


1.147 

46*3 

81.2 61.4 

Potassium Chloride, 74 . 6. 


1 .001 

44.8 

102 , 2 

44.2 


1 .001 

45 .0 

103 . 1 

43 • 2 


1 .001 

45-2 

102 4 

43-3 



In the values found for the molecular weight, the first decimal place 
has been retained for purposes of comparison, but it is of little value. 

Comparison with Ebullioscopic Methods. — That this method possesses 
greater potentialities for accuracy than the ebullioscopic method will be 
admitted when it is considered that an elevation of boiling point of o . i ° 
corresponds to a measured lowering of vapor pressure of, for example, 
37, 55 and 37 mm., respectively, for water, alcohol and benzene. It 
should therefore be possible, with like accuracy, to employ, with this 
method, much more dilute solutions. This leads to the consideration of 
a chief source of error of the ebullioscopic methods when the more dilute 
solutions are employed, namely, change of boiling point due to change 
of barometric pressure during the experiment. To cafise ,an error of 
temperature of 0.05° — fifty per cent, of the quantity measured in the 
case above considered — the barometer need change only 1 36 mm., 1 5 
mm. and 1.2 mm., respectively, for water, alcohol and '"benzene. Such 
barometric changes affect the results of the method here described scarcely 
at all, since the temperature of the Jacket varies proportionally, and thus 
automatically corrects this error. Change of barometer influences the 
result only by slightly affecting the constant K, which depends on abso- 
lute barometric height, as indicated above. It may be pointed out 
that, in the case of the ebullioscopic methods, the constant used is cus- 
tomarily obtained experimentally and not by calculation from theory 
as in the case of the method here outlined. 

The time occupied in a first determination by this method may be 
thirty to forty minutes, including the necessary weighing. In discuss- 
ing the Beckmann boiling point method, H. Biltz 1 states that * it usually 
requires one hour, but often two, and sometimes, indeed, several hours, 
to obtain a constant temperature in the boiling vessel.’ How much of 
this trouble is due to slow change of zero of the thermometer is difficult 
to say. Presumably very little, as the Landsberger type of apparatus 
is much more expeditious, in the form, for example, devised by McCoy. 2 

1 “Pract. Methods for Determining Molecular Weights,” Transl. by Jones and King, 
P* * 55 * 

* See Am . Chem. 23, 357 (1900). 
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Apropos of the thermometer, it will be recalled that a Beckmann ther- 
mometer whose degree is correct at zero is 3 6 per cent, in error 1 at ioo°. 
Accordingly, whenever a Beckmann thermometer is employed at tem- 
peratures far from that at which its degree is correct, a correction for this 
error becomes necessary, although it is frequently omitted. The ab- 
sence of any thermometer in the present apparatus simplifies slightly 
the reading of the volume of the solution ; when a thermometer is present, 
it must first be removed. 

In this apparatus, the 1 cc. graduations have a distance apart of about 
2.8 mm., which makes the estimation of tenths satisfactory. 

A considerable error is incident to both Berkmann and Landsberger 
methods when the correction for varying head of liquid above the ther- 
mometer bulb is neglected. Such an error does not here appear, for it is 
on the measurement of precisely such heads of liquid that the present 
method is based. 

The use of a reflux condenser avoids the errors caused by change of 
temperature due to fractionation of the jacketing liquid inherent in the 
Landsberger method and its modifications. 

The Identity of Vapor Pressure as Determined by the Static and by 
the Dynamic Methods.— It was tacitly assumed above that the statically 
determind vapor pressure of a pure liquid at its boiling point, deter- 
mind dynamically, should be precisely the pressure under which the 
liquid boiled. In other words, it was taken for granted that if /> is meas- 
ured statically for any particular /, the same t will be arrived at dynamic- 
ally by a boiling point measurement if /> be the same. As is well known, 
however, it was by no means always agreed that this is the case. 2 

The apparatus here described is well adapted for testing the facts. 
The vapor pressure of the pure solvent in the test tube is a “ static” vapor 
pressure, and is measured at the dynamically attained temperature of 
the vapor from the pure solvent boiling in the jacket. The pressure 
comparison is made by a differential gage of a liquid of low specific 
gravity, instead of, for example, by the difference of level of two mer- 
cury columns, one of which has a small depth of another liquid lying on 
its surface. With benzene, for instance, a pressure difference of 0.5 
mm. of mercury, obtained in other methods by subtraction of much larger 
numbers of mm. and the application of not a few corrections, is, by this 
method, seen directly on a single small apparatus as a difference of level 
of 8.3 mm. of benzene at its boiling point (which is the manometer liquid). 
More important than simplicity of the pressure reading, however, is the 
possibility of boiling out dissolved gases until constant results are ob- 

1 Z. Instrum . , 1896, 202. 

2 References to the extensive literature of the controversy on this subject may be 
found in Ostwald’s Lehr buck, Vol. I, 308. 
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tained ; because failure to realize this possibility has been a chief cause of 
inconsistences in all measurements by the static method. 

As, therefore, it seemed of interest to determin whether any small 
difference could be detected between static and dynamic results, the 
experiment was made with pure water, alcohol and benzene. The fol- 
lowing figures refer to benzene, which had recently been distilled over 
sodium, but was not boiled out in the jacket. The differences of pres- 
sure, A p, are in mm. of benzene at its boiling point, while the times, T t 
refer to the number of minutes of the “bio wing- through” process: 


63 25 09 O.I 0.1 

T . 5.0 60 80 10.0 12.0 


The zero reading was that found when the stopper was removed. It 
will be seen that the difference of pressure finally observed was not larger 
than the limits of the error of observation. 

It was shown in a similar way that, if any difference exists between 
the vapor pressure at the boiling point as measured dynamically and 
statically of the liquids water and alcohol, then such difference does not 
exceed 0.01 mm. of mercury. 

Purpose and Scope. — In the present paper, the purpose has been to 
describe a molecular weight apparatus and its every-day application in 
cases where the greatest refinement is not aimed at. When opportunity 
offers, it is proposed to carry the measurements to their highest accuracy, 
and to make such applications of the method as promise to be most 
productive. 

[Communications from the Laboratories of General and Physical Chemistry 
of the University of Chicago.] 

A CONVENIENT FORM OF APPARATUS FOR THE MEASUREMENT 
OF THE VAPOR DENSITIES OF EASILY VOLATIL SUBSTANCES . 1 

By Alan W. C. Menzies. 

Received October 26 , 1910 

By the very slight modification here explained, the apparatus described 
in the preceding paper may be simply adapted for the rapid and accurate 
measurement of vapor densities of easily volatil substances. 

The principle employed is that of the measurement of the increase of 
pressure that occurs when a known weight of substance is introduced 
into a closed vessel at constant temperature, high enough to completely 
volatilize the substance . 2 

The Modification Required. — The closed chamber is provided by 

1 Read before the American Chemical Society, July 15, 1910. 

2 For other work in this field cf. Gibson Dyson, Chcm. News , 55, 88 (1887); Bleier 
^ and Kohn, Monatsh., 20, 909; 21, 575; Lumsden, J. Chem. Soc., 83, 342; Blackman, 

Chem. News, 100, 13; etc. 
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the “ test-tube” of the former apparatus, which is the inner tube in the 
figure. This is closed below by pouring in from six to eight cc. of mer- 
cury. This mercury serves at the same time the pur- 
pose of manometer liquid, indicating by its rise in the 
graduated narrow gage tube the increase of pressure 
within the test tube. 

The substance is weighed off in bulblets whose at- 
tached capillaries, 2-3 cm. in length, are sealed off be- 
fore the final weighing. In order to attach the bulb- 
let to the stopper of the test tube, the latter must 
be provided with a hole of about 1.5 mm. diameter 
and 5-6 111m. length. This hole may be drilled in the 
glass stopper, or else added by fusing to the lower 
end of the stopper a short length of thick-walled 
tubing of 1.5 mm. bore. The point of the bulblet’s 
capillary can now be fixed in this hole by stuffing 
with a few shreds of dry asbestos. The hole should 
be oblique, in order that the neck of the bulblet 
may be broken by rotating the stopper in such a 
way that the bulblet is forced against the top of the 
gage tube (see figuie). It is evident that the presence 
of this small hole in no wise unfits the apparatus 1 for its original purpose. 

The Procedure. -The bulb of the outer jacket is charged one-third full 
with a liquid of suitably high boiling point, which is caused to boil stead- 
ily, the vapor thus serving to jacket the whole of the closed portion of 
the test tube. It is most convenient in practice to find a constant for 
the apparatus, at the temperature used, by volatilizing a known weight 
of a standard liquid, such as benzene, rather than to calculate the vapor 
density from measurements of the volume of the closed chamber and of 
the temperature. A quantity of benzene suitable to give a rise of mer- 
cury level of about 100 mm. is, therefore, sealed and weighed in a bulblet. 
The smaller the bulblet that will hold Ihe requisite quantity of liquid, 
the better. The neck of the bulblet is then prepared Jor easy breaking 
by one or two scratches from a file. The tip of the capillary is inserted 
in the hole in the stopper, and the latter, after suitable lubrication, 
placed cautiously in its position. As the air surrounding the cold bulb- 
let becomes warmed, the mercury rises a few mm. in the gage tube 
and in 5-6 minutes has reached a constant level, which is read off on the 
engraved scale of mm. Its position is shown in the figure. The stopper 
is now rotated so as to snap the neck of the bulblet, which falls on to the 
surface of the mercury. At the same instant the mercury in the gage 

1 The apparatus, with the modified stopper, may he had from the Central Scientific 
Co., 349 W. Michigan Street, Chicago, 111 . 
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tube shoots up, and reaches a constant level in a few seconds. The amount 
of rise is observed, and is corrected by adding the amount of the simul- 
taneous slight fall of mercury level in the test tube. 1 From the three 
data (j) weight of benzene taken, (2) known molecular weight of ben- 
zene, (3) rise in mm., is calculated a constant for the apparatus, K , which 
is the rise in mm. that would be caused by the volatilization of one gram- 
molecular weight of any substance in this apparatus at this temperature. 
Having obtained this constant, the unknown molecular weight of any 
substance may be calculated by substituting the measured rise, R , and 
weight taken, W, in the formula 

M « W-K/k. 

After each measurement, the stopper is removed and a current of air 
aspirated through the test tube for a few seconds by introducing into it 
the end of a tube connected with the water pump. Several of the broken 
bulblets may be allowed to accumulate in the apparatus. 

Examples of Results. — The measurements recorded below, including 
the time necessary for the weighings and for finding the constant of the 
apparatus, were completed in a period of three hours. The jacket con- 
tained boiling toluene. The substances whose molecular weights are 
determined were the preparations of Kahlbaum, each drieji and purified 
by distillation. The chloroform was previously freed from alcohol by 
washing with chromic acid mixture. Every result obtained is given : 


Weight 

Rise 


Molecular weight. 
— s 

Substance. taken. 

in mm. 

Log. K. 

Found. 

Normal. 

Benzene 0 0238 

16 5 

5 5 ** 


78 05 

0.0205 

I OO 5 

5 5827 



Ethyl iodide 0.0429 

104.7 

5-5824 

>56-7 

156 0 

0.0328 

80.5 


155 8 


Carbon disulphide. . . 0.0262 

132 l 


75 » 

76.I 

0.0180 

90.7 


75*9 


Chloroform 0.0312 

99-9 


119 4 

II9.4 

0.0347 

1 10.0 


120.6 


Methyl iodide 0 0328 

87.4 


143 6 

141 9 


For the following determinations, I am indebted to Mr. R. D. Mullinix, 
who was without previous experience of vapor density measurements 
by any method, and who, indeed, first learned to weigh accurately in 
order to make these determinations. The jacket contained commercial 
xylene, b. p. 137. 8°. Every determination made by Mr. Mullinix, other 
than his preliminary ones, is recorded: 

1 The value of this correction for a given rise of mercury in the gage tube hav- 
ing been determined once, the values for other cases are thereafter obtained by sim- 
ple proportion. 
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Rise 


Molecular weight. 

Substance. 

taken. 

in mm. 

bog. J v. 

Found. 

Normal. 

Benzene 

0 0215 

112 .0 

5 6091 


78 05 


0 02 JO 

no. 3 

5 6126 




O 02 IT 

no 1 

5 6098 



Toluene 

O 0246 

no 2 

5 6105 

91. 1 

92 . 1 


O O23I 

100.2 


93.2 



O 0248 

108 0 


93*6 


Acetone . . 

O OI58 

108 i 


59 6 

58.0 


O OI57 

108 9 


58 9 



O OI56 

113 8 


55 9 


Chlorobenzene 

O 02 76 

100 1 


112 .4 

112.5 


O O27O 

95 5 


115. 3 



O 0206 

89 1 


121 8 l 


Ethyl iodide . . 

O 0418 

108 6 


T 57 0 

156 0 


O O.JO9 

107 . 1 


155 7 



O 0433 

not completed - stopper leaked 


Pyridine 

O 0216 

108 9 


80.9 

79 .0 


O 0238 

124 0 


78.2 



0 023 i, 

120 7 


78 s 


Acetic acid 3 . . . . 

0 0140 

92 .6 


61 7 

60.0 


O OT62 

jo 6 7 


()i 9 



As an example of the application of this apparatus to a special problem, 
the percentage composition of a binary mixture of substances of known 
molecular weight may be found. For this purpose, the solubility of 
carbon disulphide in methyl alcohol was determined at 22. 2 °. The 
average molecular weight of the upper layer obtained on mixing these 
liquids was found to be 52.5, which would give a percentage of carbon 
disulphide of 53 4. Interpolation from the data of Rothmund 3 would 
lead to 52.3. In cases of this kind, other analytical methods are some- 
times troublesome. 

Remarks on the Method.- -The apparatus is considerably more com- 
pact than the Victor Meyer form, and stands at a convenient level above 
the working bench. It is very simply set up, requiring a single ring 
stand with two clamps, one of which holds the condenser. 

If a constant be determined as suggested, correction is, of cour.se, not 
necessary for the density of mercury or for its vapor pressure. If a record 
be kept of the volume of mercury employed, the constant need not be 
redetermined when the apparatus is next used. 

1 At normal pressure, chlorobenzene boils at 132 °. The temperature of the 
jacket was 137 8 °. As the pressure within the closed chamber increases, the vola- 
tilization of the chlorobenzene from the hulblet becomes rather slow. 

2 It will be seen that the values obtained for acetic acid, whose vapor is known 
to be associated, differ little from the monomolecular value. It must be recalled 
that, in this apparatus, the partial pressure of acetic acid vapor in the closed cham- 
ber is less than one-seventh of an atmosphere. 

9 Z. physik. Ghent 26, 475. 
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Correction for change of jacket temperature due to barometric change 
is negligible. Thus, 23 mm. change of barometer causes a change of 
i° in the boiling point of toluene (384° absolute), or 1 part in 384 in the 
result. 

When the final level of the mercury in the gage tube is very different 
from that measured in finding the constant of the apparatus, it is plain 
that the gas content of the test tube will be somewhat different. Cor- 
rection for this is usually unnecessary, and was not made in the above 
examples. 

As every portion of. the enclosed chamber is kept at the constant high 
temperature, there is nothing to be feared from the diffusion of the vapor 
to colder parts of the apparatus, as in the case of the Lumsden or Victor 
Meyer apparatus. Thus, Lumsden remarks: 1 “The accuracy of 
the results depends very much on the rapidity with which the substance 
is vaporized, and this is the more important the smaller the molecular 
weight, since a vapor which diffuses rapidly may reach the colder part of 
the apparatus before a measurement of pressure can be made.” Again, 
as no air is driven from a hotter to a colder place, no uncertain correction 
on this account has to be considered. 2 

Since the vapor is likely to be diffused throughout the whole of the 
test tube, and since the pressure read is less than one-sixth an atmos- 
phere, the partial pressure of the vapor cannot even locally muefi exceed 
one-sixth of an atmosphere. This low pressure lessens any tendency 
to association, as is seen in the acetic acid example given above. It is 
obvious that the test tube may be filled with an inert gas if desired. 

Instead of a glass stopper, a one-holed rubber cork may be used at the 
lower temperatures. A glass rod, bent for the lowest centimeter of its 
length, passes through the hole, and by its timely rotation breaks the neck 
of the bulblet, which is inserted into a small blind hole beside it, and is 
pressed against the top of the gage tube. This form of “release 0 is 
perhaps easier to operate than that described above. 

In the form described, this apparatus is not suitable for temperatures 
1 above 200°; but the examples given seem to show that it is both rapid 
and accurate for use at temperatures at which it is applicable. 

RAPID DETERMINATIONS AND SEPARATIONS BY MEANS OF THE 
MERCURY CATHODE AND STATIONARY ANODE. 

By R. C. Brnner and M. L. Hartmann. 

Received October 11, 1910. 

The mercury cathode has been used for most metals which can be de- 
termined electrolytically. In the case of bismuth it is possible to make 
1 Loc. cit. 

3 Cf. T. W. Richards, Chetn. News, 59, 87. 
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the determination with greater ease by this method than with platinum 
electrodes. The determination of chromium, while impossible by ordi- 
nary electrolytic methods, can be thus accomplished. 

The mercury cathode has been used with a stationary anode and low 
currents, as well as with the rotating anode and high currents, but not 
until recently has it been proven possible to use the stationary anode 
and high currents without some means of mechanical agitation. 1 

In order to dctermin what time could be saved by the use of the rota- 
ting anode, the rate of precipitation was determined without agitation 
under the same conditions as those used by Smith. 2 The curves in figures 
1 and 2 show, that while the precipitation of copper and silver is more 



rapid when the rotating anode is used, the difference is not nearly as 
great as would be expected. This lack of rapidity is, moreover, much 
more than compensated for by the simplicity of the apparatus in case of 
the stationary anode. 

It is possible to precipitate: 

(1) 0.2075 gram of iron in 10 minutes with three to four amperes 
when the rotating anode is used. 

(2) o. 1000 gram in the same time with four amperes w r hen the solution 
is rotated by means of the solenoid. 

(3) 0.2007 gram in 20 minutes with the stationary anode and four 

1 Stoddard, This Journal, 31, 385; Benner, Ihd , 32, 1231. 

* “Electroanalysis,” Phila., 1907. 
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amperes. Therefore, although there was no means at hand for making a 
direct comparison between this method and that in which the electrolyte 



was rotated by means of a solenoid, 1 it would seem that there is little, 
if anything, to be gained from magnetic rotation. 

The following determinations and separations were carried out using 
the apparatus of our previous article. 2 

Nickel . — For the determination of nickel a solution of C. P. nickel 
sulphate was prepared and the nickel determined electrolytically.® It 
was found to contain 0.1089 gram of metallic nickel per 10 cc. : 



1 Frary, Z. Elckttochcm , 1907, 308. 
% This Journal, 32, 1231. 

* Smith, Ibid., 2$, 884. 
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Nickel 

taken. 

Pound 


Error. 

Amperes. 

Volts. 

Drops Volume of 
of acid, solution. 

Time, 

0 . 1089 

0 

1096 

4 - 

0 01x17 

3-4 

7-8 

{8 H 2 vS 0 4 
)i -84 sp.gr. 

h 

15 

0.1089 

0. 

1095 

+ 

0 , 0006 

5-6 

8-9 

8 H 2 S 0 4 

IO 

5 

0 2178 

0 

2187 

-f 

0.0009 

5-6 

8 — 9 

8 H 2 vS0 4 

20 

10 

0.1089 

0 

1088 

- 

0 0001 

5-6 

8-9 

* 2 h 2 so 4 

IO 

10 

0.1089 

0 

1084 

— 

0 .0005 

6-7 

8-9 

2 h >v so 4 

IO 

5 

0 1089 

0 

1096 

f 

0 0007 

3 4 

7*8 

U H*SO <1 
)6 HNO, \ 

IO 

7 

0 2178 

0 

2183 

4 

0 0005 

3-4 

7 -« 

p >^o 4 ( 
)fi hno.3 

20 

12 

0.2178 

0 

2172 

- 

O tKX)(> 

3 4 

7-8 

L H j 
HNO,J 

20 

12 

0 . 1089 

0 . 

, 1087 


O 0002 

4-5 

9- TO 

5 HNO,t 

b 

IO 

IO 

cc 

cc 

c 

d 

0 

1086 

— 

O 0002 

4-5 

9*10 

CO 
Z <6 

w « 

re n 

IO 

IO 

0.2178 

0 

2178 

+ 

O .OOOO 

4-5 

9*- 10 

10 h,so 4 

20 

15 

0 2178 

0 

2179 

A 

O OOOl 

4-5 

9-10 

4 H,SO,’ 

20 

15 

0 1089 

0 

T090 

4 

O OOOI 

4-5 

9-10 

2 h 2 so 4 ' 

IO 

15 

0.2178 

0 

2180 

4 - 

O 0002 

4 5 

9-10 

8 H 2 SC> 4 

20 

12 



Rate of Precipitation of Nickel (Fig. 3). 



0 2178 

0 

0859 



5 

13-14 

2 II.SO, 

20 

I 

cc 

0 

T838 



5 

13-14 

-• h*so 4 

20 

3 

0 2178 

0 

2125 



5 

J 3 -14 

2 h,so 4 

20 

5 

0 2178 

0 

2146 



5 

13 14 

2 h 2 so 4 

20 

6 

0 2178 

0 

2182 



5 

13 “I 4 

2 h,so 4 

20 

8 


Sei*'\r\tion ok Nickel from Alvmimvm. 

Volume 


Nickel 

taken. 

Found. 

Error. Amperes 

Volts. 

Drops of so- 

ofacid. lutiou. 

Time. Alumina. 

O 1089 

0 1088 

• - 0 oooi 

4-5 

9- 10 

4 H2SO4 20 

TO 

O 0904 

0 1089 

0 . 1087 

- 0 0002 

4*5 

9“ 10 

4 H,S 0 4 20 

IO 

0 0904 

0 

00 

■0 

O 1083 

- 0 0004 

4 “ 5 

9-10 

to H 2 S 0 4 20 

10 

0 0904 

0 1089 

0 1083 

- 0 0004 

4- 

'-JV 

9-10 

10 H 2 S0 4 20 

10 

0 0904 



Separation of Nickel from Titanium 


Titanium 

dioxide 

0 1089 

O 1080 

- - 0 0009 

4-5 

9-10 

10 H 3 S0 4 20 


0 °435 

0 . 1089 

0 1088 

O (XX) 1 

4-5 

9- 10 

10 H ,S0 4 20 


0 0435 


Separation of 

Nickel from the Rare Earths 


Oxide of the 
rare earths. 

0 . 1089 

0 1086 

-- 0 .0003 

4-5 

9-10 

J2H 2 S() 4 ( 20 


0.2228 

0 1089 

0 . 1080 

— 010009 

4 ' 5 

9-10 

h hno,j 20 


O 2228 


Reference to the table shows that with currents varying from three 
to six amperes, at seven to ten volts, it is possible to make accurate de- 
terminations of nickel, from a sulphate solution, either in the presence of 
from two to ten drops of sulphuric or four to six drops of nitric acid, when 
one or two drops of sulphuric acid are present, in 10 to 20 cc. of the electro- 
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lyte. The precipitation is sufficiently rapid for all practical purposes, 
as it is possible to precipitate 0.2178 gram of nickel from 20 cc. of solu- 
tion in 8 minutes (Fig 3). 

The determination of nickel in the presence of aluminium, titanium 
and the rare earths in a sulphuric acid solution, under the same condi- 
tions as were used for its determination alone, is as rapid and as accurate 
as when they are not present. 

Cobalt . — A solution of cobalt sulphate was prepared from C. P. cobalt 
sulphate and made acid by the addition of a few drops of sulphuric acid. 
Ten cc. of the solution were found, by the electrolytic method, 1 to con- 
tain o. 1041 gram of metallic cobalt. 


Cobalt 

taken. 

Found Krror 

Amperes. 

Volts 

Drops of acid, 

H,SO* Volume. 

Time. 

0. 1041 

0 . 1037 — O .0004 

5-6 

1 1 -1 2 

1 

10 

IO 

O. 1041 

O.IO34 — O.OOO7 

5-6 

1 1-1 2 

1 

10 

IO 

0 . 2082 

0.2090 + 0.0008 

3~4 

6-7 

1 

20 

20 

0 1041 

0.1044 4 0.0003 

3~4 

«-7 

I 

20 

20 

0 1041 

0.1042 -4- 0 0001 

3-4 

6-7 

1 

TO 

8 

O.IO41 

0 1041 4 0.0000 

4-5 

7-8 

1 

10 

IO 

0 1041 

0 1036 —0.0005 

4 '5 

7 -« 

1 

10 

IO 

0 . 2082 

0.2084 4 0 0002 

4-5 

7-8 

1 

20 

20 

0. 1041 

0.1043 4 - 0 0002 

4-5 

7 -« 

1 

10 

IO 

0 1041 

0.1042 4 0 0001 

3~4 

6-7 

r 

/ 10 

12 

0 2082 

0 2081 - 0.0001 

4-4 

7 

1 

20 


0 2082 

0 2085 -4 0 0003 

3-4 

6-7 

1 

20 


0.3516 

Rate of Precipitation of Cobalt (Fig 4 ). 

0 1885 5 (r 7 1 

* 20 

3 

0.3516 

0 . 3039 

5 

6-7 

1 

20 

6 

0.3516 

0.3428 

5 

6-7 

1 

20 

9 

0 3516 

0 3510 

5 

6-7 

1 

20 

12 

O 3516 

0 35^2 

5 

6-7 

1 

20 

15 

The determinations given in 

the table 

were 

carried 

out in 

solutions 


containing from 0.05 to o. 1 cc. of sulphuric acid and with currents vary- 
ing from three to six amperes, at 6 to 12 volts. This gave complete pre- 
cipitation of o. 1041 to 0.3516 of a gram of cobalt in from 10 to 15 min- 
utes (Fig. 4). Results were good from weak sulphuric acid but not from 
strong acid solutions or those containing nitric acid. 

Zinc . — A standard solution of zinc was prepared by dissolving a weighed 
amount of C. P. metallic zinc in sulphuric acid and diluting so that 10 
cc. of the solution contained 0.2980 gram of metallic zinc and 0.3 cc. 
of sulphuric acid. 

It was found that by carrying out the determination of zinc in a manner 
similar to the previous determinations of the other metals, it was possible 
to deposit zinc quantitatively either from solutions of the sulphate contain- 
ing sulphuric acid or with nitric acid in the presence of a little sulphuric 
acid. The deposits were made with currents varying from three to six 
1 This Journal, 25, 884. 
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amperes and at from four to se\en volts, in 10 to 20 ec. of solution, with 
results equal to those obtained with low currents and the mercury cathode 
or with the rotating anode and mercury cathode: 


Zinc 

taken. 

Found. Krror. Amperes. 

Volts 

Drops 
of acid. 

Volume 

Time. 

O 2980 

0 2978 0 0002 

y(> 

6-7 

6 H 3 SC ) 4 

10 

20 

0 2980 

0 -’974 - 0 0006 

5~6 

6-7 

t> ii 2 so 4 

10 

20 

0 2980 

0 2975 0.0005 

5-6 

6-7 

6 H 2 S () 4 

10 

20 

0 2980 

0 2988 4 0 0008 

5"6 

6-7 

\o h'so ,1 

h HNO.J 

10 

20 

0 2980 

0 2980 £ 0 0000 

5-6 

6-7 

UH,S0j 

b HN04 

10 

20 

o 2980 

0 2988 4 0 0008 

4”5 

6-7 

6 H,S0 4 

10 

20 

O 5960 

0 5966 4- 0 0006 

4-5 

6-7 

9 H 2 vS () 4 

20 

25 

0 5960 

0 5964 4 0 0004 

3-4 

6-7 

9 H.,S0 4 

20 

25 

0 5960 

0 . 59O3 4- 0 0003 

5-6 

6-7 

$0 H s so 4 ( 
h hno 4 

20 

25 

Most of the 

determinations made 

with acid as strong as the following were low: 

0.2980 

0.2975 — 0 0005 

7-8 

4"5 

1 ; n,so 4 

10 

15 

0 . 2980 

0 2975 ~~ 0 0005 

7-8 

4-5 

U> hnoj 

HjS 0 4 j 

10 

15 

0 . 2980 

Rate of Precipitation of Zinc (Fig. 5). 
0.1690 4.5 5-6 6 H 2 S 0 4 

10 

I 

0.2980 

0.2097 

4-5 

5-6 

6 H 3 S 0 4 

10 

2 

0.2980 

0 . 2458 

4*5 

5-6 

6 H 2 S 0 4 

10 

3 

0 . 2980 

0.2843 

4*5 

5-6 

6 H 3 vS 0 4 

10 

4 

0.2980 

0.2976 

4*5 

5-6 

6 H 8 S0 4 

10 

5 

0.2980 

0.2985 

4*5 

5-6 

6 M H fl S0 4 

10 

10 
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Taken. 

Pound. Error. 

Amperes. 

Volts. 

Drops 
of acid. 

Volume. 

Time. 

Titanium 

dioxide. 

0 . 2980 

O.2975 — 0.0005 

4-5 

7-8 

13 

20 

15 

0 0435 

0 . 2980 

O 2989 -f 0 0009 

4-5 

7-8 

13 

20 

15 

0 0435 

0.5960 

0 . 5954 — 0 0006 

3-4 

7-8 

13 

20 

25 

0-0435 

0 5960 

0.5961 4 - 0.0001 

3-4 

7-8 

13 

30 

25 

0.0435 

0.2980 

0.2989 4* 0.0009 

3-4 

7-8 

13 

20 

15 

00435 

0.2980 

Separation op Zinc prom Aluminium. 

0 2986 4 0 0006 3-4 7-8 8 20 

20 

0.0904 

O . 2980 

0 2990 4 0.0010 

3-4 

7-8 

8 

20 

20 

0.0904 

0.5960 

0.5969 4 0 0009 

3-4 

7-8 

7 

20 

25 

0.0452 

0.5960 

0 5965 4 0.0005 

3-4 

7-8 

7 

20 

25 

0.0452 


Using the same conditions as in the determination of zinc, it is possi- 
ble to separate zinc from aluminium and titanium without difficulty. 



Iron . — The standard solution of iron was made by dissolving a weighed 
amount of ferrous ammonium sulphate in water and making acid with 
sulphuric acid to prevent the formation of basic iron sulphate. Ten cc. 
of this solution contained 0.1002 gram of metallic iron and o. 11 cc. of 
sulphuric acid. Iron was determined with the usual apparatus by means 
of currents varying from 3-4 amperes at 7-8 volts. Solutions contain- 
ing either nitric or sulphuric acid were used with very satisfactory re- 
sults. The rate of precipitation with the mercury cathode is slower 
than that for most metals, it being possible to deposit in twenty minutes 
only 0.2004 gram of iron, from 20 cc. of solution, with a current of four 
amperes (Fig. 6). 

The separation of iron from aluminium, titanium, the rare earths 
of the cerium and yttrium groups as extracted from monazite, was 
tried under the same conditions used for the determination of iron, 
with satisfactory results. 
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Iron 

taken. 

Found. Error. 

Amperes. Volts. 

Drops 
of acid. 

Volume. 

Time. 


0. 1002 

0.1003 + o 0001 

3~4 

7-8 

6 H 2 S 0 4 

20 

10 


0. 1002 

O 1000 — 0 . 0002 

3-4 

7"8 

6 HjSO. 

20 

15 


0 . 2004 

0.2008 -h 0.0004 

3-4 

7-8 

r, HjSO. 

20 

25 


0 . 2004 

0.2004 ± 0 0000 

3-4 

7-8 

6 H„SO, 

20 

25 


0.2004 

0.2002 - 0.0002 

3“4 

7-8 

6 IljSO, 

20 

25 


0 . 2004 

0 . 2002 — 0 0002 

3-4 

7-8 

h HjSO,? 
U HNO,( 

20 

25 


0.1002 

0.1003 *f 0.0001 

3-4 

7-8 

U HjSO,? 

) 4 HNO.J 

20 

15 


0.2004 

0.2000 ~ 0.0004 

3-4 

7 -« 

h HjSO,? 
(4 HNO,f 

20 

20 


0 . 2004 

0.2002 — 0.0002 

3 "4 

7-8 

j 2 HjSO,? 
?4 HNO.,J 

20 

25 


0 2004 

Rate of Precipitation (Fig 6). 
o 0302 4 7-9 6 H 2 S 0 4 

20 

1 


O 2004 

0.0795 

4 

7-9 

6 II 2 vS 0 4 

20 

2 


0 . 2004 

0 0998 

4 

7-9 

6 PI 2 S 0 4 

20 

3 


0 2004 

0 1522 

4 

7-9 

6 H 2 SO< 

20 

5 


0 . 2004 

0 1918 

4 

7-9 

6 H 2 S 0 4 

20 

10 


O 2004 

0 1957 

4 

7-9 

6 H 2 S 0 4 

20 

15 


O 2004 

0 2007 

4 

7-9 

6 H 2 SQ 4 

20 

20 


0.1002 

Separation of Iron from Aluminium. 

0 1005 4- 0 0003 4 7-9 8 H 2 S 0 4 20 

15 

Alumina. 

0.0452 

0.1002 

0. 1 00 1 0 000 1 

4 

7“9 

8 HjSO, 

20 

15 

O 0452 

0.1002 

0.1004 -1- 0 0002 

4 

7-9 

8 HjSO, 

20 

15 

O.0452 

0 1002 

0 1000 — 0 .0002 

4 

7~9 

8 HjSO, 

20 

15 

0 0452 

0 1002 

0 0995 - 0 0007 

4 

7 ‘9 

U HjSO,? 
?4»HNOjJ 

20 

15 

O.0452 

0.1002 

0 . 1002 zb 0 0000 

4 

7-9 

U HjSO,? 
?4 HNO,( 

20 

15 

O 045 1 

0 . 1002 

0 1001 - 0 0001 

4 

7-9 

op 

20 

15 

O.0452 

O. 1002 

Separation of Iron from Titanium. 

0.1000 — 0 . 0002 4 6-7 10 H 3 S 0 4 20 

25 

Titanium 

dioxide. 

0 0435 

0.1002 

0.0994 — 0.0008 

4 

6-7 

10 h 3 so 4 

20 

25 

00435 

0.1002 

0.1002 ± 0 .0000 

3-4 

6-7 

10 H a S 0 4 

20 

25 

O 0435 

0,1002 

0. 1000 — 0.0002 

3-4 

6-7 

10 h 2 so 4 

20 

15 

O.0435 

0.1002 

0.1009 4 0.0007 

3-4 

6-7 

10 h 3 so 4 

20 

15 

O 0435 

0.1002 

0.1002 ± 0.0000 

3-4 

6-7 

10 H 2 S 0 4 

20 

15 

O 0435 

0.1002 

Separation of Iron from 

0.1007 4- 0.0005 3-4 6-7 

the Rare Earths. 

h HNO, 20 

>5 

Oxide of 
rare earths. 

0.2228 

0.1002 

0.1003 4 * 0.0001 

3-4 

6-7 

}2 h,so 4 

20 

15 

0.2228 
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The exact variation of conditions can best be seen from the table 
given above. * 

Conclusion. 

(1) Comparison of the rates of precipitation under like conditions of 
current, volume of solution, etc., shows that, although the rate of pre- 
cipitation with the rotating anode is greater than with the stationary 
anode, it is not sufficiently so to recommend the use of so much more 
complex a piece of apparatus. 

(2) The results obtained by this method are as accurate as those ob- 
tained by means of other mercury cathode methods. 

(3) With the different metals determined it is possible to use about 
the same conditions as for the determination by means of the rotating 
anode and the mercury cathode. 

I t njversity of Arizona, Tucson 


CORRECTIONS. 

a A Simple System of Thermodynamic Chemistry Based upon a Modi- 
fication of the Method of Carnot ” and “ The Fundamental Law for a General 
Theory of Solutions” — The two papers which appeared under the above 
titles in the April and May numbers of This Journal require the follow- 
ing corrections : 

Page 479, line following equation (12), for V read v. 
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Page 486, equation 44, the term (U 4- A.rRT) should be enclosed in 
parentheses. 

Page 498 and page 666, the terms of the right-hand member of equa- 
tion 85 should read alternately plus and minus . 

Page 498, last line, page 654, first line, and page 667, second line, for 
decrease read increase. 

Page 499, equation 86, the letter t has been omitted just in front of the 
last bracket sign. 

In the 8th ine of footnote 23 omit the negative sign before the last 
term of the equation. 

Page 501, in equation 95 and the second line following it, for T read T p . 

Page 663, equation (in), for V read v. 

Page 667, equation (126), for AC Po — read AC Po A/ F 4- . Equation (129) 
change the sign in front of each term containing a. 

Page 670, line 20, for to read by. 

Edward W. Washburn. 

THE ELECTRON CONCEPTION OF VALENCE. 

By K George Falk and J M. Nelson. 

Received October 3, 1910 

Introduction i. Limitations of the Problem. 2 Fundamental Hypothesis. 
3 Carbon Compounds Containing Single Bonds 4 Carbon Compounds Containing 
a Double Bond. 5. Carbon Compounds Containing a Triple Bond. 6. Relative 
Asymmetry. 7. Nitrogen Compounds Containing a Single Bond. 8 Nitrogen Com- 
pounds Containing a Double Bond. 9 Compounds Containing a Double Bond be- 
tween Unlike Atoms 10 Partial Valence. 11 Complex Inorganic Salts. 12. 
Summary. 

Introduction. 

In a paper published in 1909, 1 the hypothesis of Sir J. J. Thomson, ac- 
cording to which the linkages between atoms in a compound are caused 
by the transfer of corpuscles, 2 was applied to a number of facts drawn 
chiefly from organic chemistry. An attempt will be made in this paper 
to develop the subject somewhat farther. The same fundamental hypoth- 
esis, in the sense of a '‘supposition which it is expected will be useful” 
will be used. The deductions which will be made from this fundamental 
hypothesis are not put forward as the only explanation of the phenomena 
in question but as a possible explanation simpler in some ways in corre- 
lating facts than some of the explanations in current use, and in a few 
cases offering explanations for facts which have not been explained hereto- 
fore. The isomerism in compounds containing a double bond may serve 
to illustrate the former and the physical properties of the saturated dibasic 
acids the latter. 

1 School of Mines Quarterly , 30, 179. 

2 “The Corpuscular Theory of Matter, pp. 138-9 (1907). 
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i. Limitations of the Problem. 

The valence of an element may be defined as a number which shows 
how many unit atoms or groups (with the hydrogen atom as unit standard) 
may be held in combination by an atom of that element. These valence 
numbers are purely the result of experimental investigations, but have 
been correlated to a great extent by the Periodic Law from which may 
now be taken the maximum valence of an element. The problem to be 
taken up here is limited by a clear conception of valence and the hypoth- 
esis to be used later. It may be stated, however, that stability rela- 
tions of compounds, isomeric and otherwise, can enter only qualitatively 
in the discussion of valence since quantitative results can be arrived at 
by the use of the free energy relationships alone. 

A valence theory, to be acceptable, must include or be able to account 
for all compounds known. The fact that the compounds predicted or 
suggested by the theory are not known would also be less disadvantageous 
for the theory than if compounds were known for which the theory was 
not able to account. This non-existence of compounds predicted by a 
theory may be due to the very limited range of conditions under which 
most of the substances known at present have been prepared. 

The subject of valence will not be taken up historically. Some or 
many of the ideas to be treated have been given before, but the work of 
those who have treated of this or of closely related subjects as for instance 
Abegg, and W. A. Noyes, will not be taken up in detail. It may be stated, 
however, that the scope of the subject matter and its treatment is differ- 
ent from that which has been given by others. 

2. Fundamental Hypothesis. 

The hypothesis of Sir J. J. Thomson which will be elaborated here may 
be stated most concisely in his own words. 4 ‘For each valency bond es- 
tablished between two atoms the transference of one (negatively charged) 
corpuscle from the one atom to the other has taken place, the atom re- 
ceiving the corpuscle acquiring a unit charge of negative electricity, the 
other by the loss of a corpuscle acquiring a unit charge of positive. This 
electrical process may be represented by the producing of a unit tube of 
electric force between the two atoms, the tube starting from the positive 
and ending on the negative atom. . There is, however, one 

important difference between the lines representing the bonds and the 
tubes of electric force. The lines used by the chemist are not supposed 
to have direction. ... On the electrical theory, however, the 
tubes of electric force are regarded as having direction starting from the 
positive and ending on the negative atom. . . ” This hypothesis 

supplements the structural formulas employed at present by giving the 
bonds direction. For convenience the lines which heretofore represented 
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the bonds may be replaced by arrows, the direction of the arrows indi- 
cating the direction of the transfer of the corpuscles. Two atoms united 
in this way possess opposite electric charges. In regard to the direc- 
tion of the valence when two atoms combine it seems fair to assume that 
this direction is ordinarily determined by the relative positions of the 
elements in the Periodic System. Namely, in the horizontal rows the 
elements of higher atomic weights are normally negative to the elements 
of smaller atomic weights. In the same vertical series, the main and sub- 
groups must be considered separately, but on the whole the relations are 
fairly obvious here as well. This refers to the direction of the valences 
normally, but in certain cases the reverse direction may exist for a less 
stable form of a substance having the same composition. Thus, two 
forms of iodine chloride exist, which may be formulated I — ► Cl and 
I < — Cl, the presumption being that the former represents the stable 
form. Difficulty may also exist in assigning directed valences to com- 
pounds containing a number of linked carbon atoms, since the carbon 
atom appears to be able to take up a corpuscle or lose one with equal 
readiness. The inertness of carbon compounds in general also makes it 
more difficult to draw conclusions as to their structure and relative sta- 
bilities. 

3. Carbon Compounds Containing Single Bonds. 


In taking up the compounds of carbon containing single bonds, the 
introduction of directive valence will not be of much value since the chem- 
istry of these compounds is worked out fairly completely and satisfac- 
torily without it. It may be of interest, however, to call attention to 
some points. As examples, it may first be mentioned that, as J. J. Thom- 
son points out, 1 methane and tetrachloromethane might be represented 
by the formulas: 

H Cl 


1 

H — **C-< — H 

t 


t 

CU— C— *C1 

I 


The carbon atom in methane has gained four corpuscles, while that in 
tetrachloromethane has lost four. Ethane is represented by the formula 

H H 

1 1 

H — ► C — *■ C < — H. 

t t 

H H 


1 Loc . tit ., p. 131. 
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In ethane, therefore, one of the carbon atoms will have a charge of four 
units of negative electricity and the other of two units, or comparing the 
carbon atoms of the two methyl groups, one will be negatively charged, 
the other positively. With ethane there is no evidence as to whether such 
a condition exists, but it may apply in the case of hexaphenyl ethane. 
Thus if Gombecg’s triphenyl methyl is assumed to be hexaphenyl ethane, 
then the two triphenylmethyl groups composing it would be charged dif- 
ferently, and it is an interesting fact that solutions of the substance con- 
duct the electric current 1 and that Gomberg early in his investigations 
explained this by assuming the existence of the “pseudoions” (CeH^gC 4, 
and (C 0 H 5 ) 3 C- 

In the solid state, then, hexaphenylethane, colorless, would be present; 
in solution, the colored ions exist, and are more reactive than the un- 
ionized organic compound, as is generally the case. The same is true 
of the triphenylmethyl halides. The application of this view to the sub- 
stances related to triphenylmethyl recently described by Schlenk 2 is 
obvious. 

The saturated dicarboxylic acids may also be taken up briefly. In 
malonic acid the arrangement of the groups may be represented by (C0 2 II) 
< — CH 2 — (C0 2 H), the molecule being symmetrical. In succinic 
acid, the arrangement would be (C0 2 HCH 2 ) — > (CH 2 CCf 2 H) - — unsym- 
metrical; in glutaric acid, (C0 2 HCH 2 ) < — CH 2 — > (CH 2 C0 2 H), — sym- 
metrical; in adipic acid, (C0 2 HCH 2 CH 2 ) — (CH 2 CH 2 C0 2 IJ), or un- 
symmetrical; in pimelic acid, symmetrical again, and so on! These acids 
would therefore fall into two groups — those with an even number of car- 
bon atoms having unsymmetrical directive valences, and those with an 
odd number of carbon atoms having symmetrical directive valences, 
and the acids of each group would be strictly homologous only with the 
acids of the same group. The fact that the saturated dibasic acids differ 
in properties depending upon whether an even or an odd number of carbon 
atoms is present is a well-known one and is spoken of in all text-books 
of organic chemistry. Thus the acids containing an even number of car- 
bon atoms have higher melting points and smaller solubility than the 
acids with an odd number of carbon atoms immediately preceding and 
.succeeding. them, but show regularities when compared with the next 
acids with an even number of carbon atoms. These relations are accounted 
for when directive valences are considered. It is probable that .similar 
relations apply to the saturated monobasic acids, but the direction of 
the valences cannot be shown as yet with sufficient certainty in their 
cases. 

1 Ber 35, 2397; Walden, Z. physik. Chem. t 43, 451. 

8 Ann ., 372, 1. 
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4* Carbon Compounds Containing a Double Bond. 

In taking up compounds of carbon containing a double bond, it is not 
possible to make any simple assumption regarding the direction of the 
valence when two groups combine, as was done with the singly bonded 
substances. It is necessary to consider all the possible cases and from a 
study of the reactions decide which formula may be assigned to a given 
compound. 

The compounds containing a double bond may in general be divided 
into two classes: (1) compounds in which the two halves of the mole- 
cule are similar; and (2) compounds in which the two halves of the mole- 
cule are dissimilar. To the first class belong the substances of the general 
types CR 2 : CR 2 and CRR': CRR'. Introducing the conception of direc- 
tive valence, it is evident that there are possibilities of the existence of 
two isomers in each case; that is, the two valences (or corpuscles) may 
proceed from one carbon atom to the other, or one may proceed in one 
direction and one in the other; 1 or formulated as follows: CR 2 CR 2 
and CR 2 CR 2 ; CRR' ^ CRR' and CRR' CRR'. If two 
isomers exist in any case, one would be expected to be more stable than 
the other ; if only one substance of the general type exists, then it may be 
that the other is too unstable to be formed permanently, going over into 
the stable form, and it would be a question then, to determin by means 
of the chemical reactions of the substance, to which of the two types its 
reactions show it to conform best. 

Of substances derived from the type CR 2 : CR 2 none is known to exist 
in two forms. 

Thbrner and Xincke- observed the formation of a hydrocarbon melting at 243-4 
on heating n-ben/opinacolin with soda lime at a temperature of 350-80°. They thought, 
from its composition, that it might be identical with tetraphenylethylene, even though 
it showed a higher melting point. On account of these observations of Thorner and 
Zincke it seemed worth while to test the possible existence of more than one form of 
totraphenvleihylene But in no case have the results confirmed this supposition. 

Some of the methods tried to bring about the transformation of tetraphenyl- 
ethyJcne consisted in heating the alcoholic solution of the substance with both alkali 
and acids, and with rapid and slow cooling of the solution lor the subsequent crys- 
tallization and also cystallizing in the dark as well as in the direct sunlight. In place 
of acids or alkali, iodine was used in a similar wav, but tetraphenylethylene was again 
obtained having the original melting point. Next tetraphenylethylene w*as heated 

1 In those cases where one valence proceeds in one direction and one in the other 
it is assumed that the corpuscles which arc transferred arc localized on the atoms, as 
otherwise the carbon atoms would become electrically neutral, but no assumption 
is made as to their relative positions except for the one case where four unlike atoms 
or groups are combined, when the phenomena of optical activity demonstrate that 
the four directions of valences do not lie in one plane. This localization is tacitly 
assumed in all cases. 

2 Ber. t xx, 1396 (1878). 
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above its melting point and then suddenly chilled and it was also distilled and the 
distillate suddenly cooled, but no change was observed. 

Tetraphenylethylene was also prepared by different methods, such as heating 
dichlorodiphenylmethane with diphenylmethane in a sealed tube for two days at 300 °. 
Tetraphenylethylene was obtained ih this way, but with much greater difficulty than 
where the two halogens are on different carbon atoms, as in case of mono-homo-diphenyl 
methane which yielded tetraphenylethylene very easily and is the method generally 
employed for its preparation. Tetraphenylethylene was also obtained in small amounts 
by heating benzophenone and diphenylmethane in the presence of phosphorus pent- 
oxide. In both of the above methods, however, the melting point of the tetraphenyl- 
ethylene was 220 0 . As a conclusion from these experiments it seems highly improb- 
able that there exists an isomeric tetraphenylethylene. 

The direction of the valences in the compounds of this group might be 
determined by following some of the addition reactions of closely related 
compounds. Since the molecule is perfectly symmetrical, it makes no 
difference in the resulting compound, in which way another substance, 
HI for instance, is added. If, however, as a typical example, propylene 
CH 3 .CH : CH a is taken, there would be three possibilities : MeCH CH 2 
and MeCH ^ CH 2 or MeCH ^ CH 2 . On treating with HI, if 
either of the last two represents the structural formula, the I would all 
go to one carbon atom, and the H to the other, only one substance being 
formed; while if the first represents the structure, a mixture of two sub- 
stances should be formed, the H and I being divided between the two 
carbon atoms. The reactions in this case might be represented as fol- 
lows: 

I — H 

MeCH CH 2 = MeCH 2 — ► CH 2 I and MeCH^CH 2 -MeCHI CH 8 . 

H — >1 

The extent to which each of the products would be formed would de- 
pend upon the influence of the methyl group as compared with the hy- 
drogen or the double bond, and upon the difference in polarity between 
the hydrogen and iodine; the smaller the difference the more nearly equal 
would be the amounts of the two products formed. 

The following results were obtained by A. Michael: 1 

Propylene + HI formed principally (CH 3 ) 2 CHI together with a little 

CaHgCHjI. 

Propylene + QBr yielded 5 parts CH 8 .CHBr.CH 2 Cl to 7 parts CH S .- 
CHCl.CH 2 Br. 

Propylene + C1I yielded 1 part CH 3 .CHI.CH 3 C1 to 4 parts CH 2 .CHC1.- 
CH 2 I. 

Propylene + H0C1 formed principally CH 3 .CH0H.CH 2 C1 and per- 
haps a little CH 8 .CHC1.CH 2 0H. 

These examples have been quoted in order to throw some light, if 
possible, upon the direction of the valences in unsaturated compounds 
1 /. prakt. Chem 60, 286-384, 409-86 (1899). 
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existing in one form, and they indicate that this form has the structure 
CR 2 7^ CR 2 . Propylene does not belong to this type of compound; 
but it seems fair to carry over the conclusions arrived at with propylene 
to the symmetrical compounds and to assign this structure to the sub- 
stance, if only one form exists, and if two forms exist’, to assign it to the 
more stable of the two. 

Of substances derived from the type CRR' : CRR' a large number of 
isomers are known, of which maleic and fumaric acids may serve as ex- 
amples. The two forms of this type using the directive valences are 
CRR' 7^ CRR' and CRR' ^ CRR' of which the former repre- 
sents the more stable, the latter the less stable form. These two 
groups of substances belong to the fumaroid and maleinoid types, the 
fumaroid being the more stable, showing the higher melting point, less 
solubility and volatility, smaller heats of combustion, less color (if any 
is shown by either isomer), and, in the case of acids, smaller ionization 
constants than the maleinoid, all these properties b$ing only different 
expressions for the difference in stability between the two forms. It will 
hardly be necessary to enter into a detailed description of the different 
substances included in this class. The possibilities of addition would be 
worked out in each case by the method indicated with propylene. 

With the substances containing a double bond in which the two halves 
of the molecule are dissimilar, there are a greater number of possibili- 
ties, namely, CR 2 : CRR'; CR 2 : CR' 2 ; CR 2 : CR'R"; CRR': CR'R"; CRR': 
CR^R"'. In each of these cases, using directive valences, there would be 
three isomers possible, one valence acting in each direction, both valences 
acting in one direction, and both in the opposite direction. The three 
possible isomers corresponding to these are not known for any one sub- 
stance with certainty. The reason for this may be found in the fact that if 
the two halves of the molecule are made up of groups differing very much 
in properties, of the two isomers in which both valences act in the same 
direction, one will exhibit very much greater stability than the other, 
making it extremely difficult, if not impossible, to isolate the less stable 
form. 

With regard to the cinnamic acids, it appears advisable at present to 
delay the application of directive valences until the properties of the 
isomers have been studied sufficiently in the solid and liquid states as 
well as in solution to allow of more definit characterization of each form 
than is possible at present. 

The reaction described by Michael and Bunge, 1 according to which 
both the fumaroid and maleinoid crotonic acids add chlorine either in 
sunlight or the dark to form the same maleinoid dichloride can readily 
be accounted for with directive valences. 

1 Ber. t 41, 2907 (1908). 
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The application to benzene and some of its derivatives is obvious, but 
will not be enlarged upon here. 1 

Note added November 12 . — Stobbe and Wilson 2 prepared three forms of 
the para- and of the meta-nit robenzaldeoxy benzoin and showed that 
they are true isomeric chemical compounds. The existence of the three 
forms can be accounted for with directive valences as described, but the 
structure to be assigned to each form is as yet uncertain. 

5. Carbon Compounds Containing a Triple Bond. 

With regard to carbon compounds containing a triple bond, there are 
evidently many possibilities in the way of drawing formulas involving 
directive valences, most of which are entirely unnecessary, if not actually 
incapable of realization, at the present time, since very few, if any, 
isomeric compounds of this kind are known. It may be shown, however, 
that the stable form of triple-bonded compounds is in all probability best 
represented by the structure RC CR'. Taking acetylene dicar- 
boxylic acid, perhdps the simplest example which could be chosen, treat- 
ment with 10 per cent, hydrobromic acid at ordinary temperatures for 
five days yielded bromofumaric acid, the conditions being such that 
bromomaleic acid would not be transformed into bromofumaric acid. 3 
The same was found in the case when hydrochloric acid was#used. The 
reaction here is 

(C 0 2 H)C^C(C 0 2 H) + HBr - (CQ 2 H)BrC 7^ CH(C 0 2 H). 
Bromine and acetylenedicarboxylic acid yielded 30 per cent, dibromo- 
maleic acid and 70 per cent, dibromofumaric acid. Considering the 
structure of acetylenedicarboxylic acid, 

(C 0 2 H)C==t C(C 0 2 H), 

and the reagent bromine, it is evident that there is the same chance or 
tendency of addition to each of the three bonds, or that one-third of the 
compound would be transformed into 

(C 0 2 H)BrC ZZt CBr(C 0 2 H) 
and two-thirds into (C 0 2 II)BrC 7^ CBr(C 0 2 H). 

6. Relative Asymmetry. 

The introduction of directive valence into organic formulas does not 
affect the view of the tetrahedral form of the carbon atom in so far as this 
applies to single bonds. This view only requires that the four valences 
do not act in one plane. 4 The case is different, however, for the double- 

1 This has been done in the preliminary paper, pp. 187-8. 

* Ann., 374, 237 (1910). 

8 Michael, J. prakt. Chcm ., [2] 46, 210 (1892). 

* It may be pointed out that the existence of the third active malic acid (Crassu- 
laceen-malic acid) may be explained by the direction of the valence between the cen- 
tral carbon atoms (for the properties of this acid cf . Werner, Lehrbuch der Stcreochemie, 
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bond isomerism. Without going into the advantages and disadvantages 
of the theory of “geometrical isomerism,” it may be pointed out that 
directive valences afford an explanation for the existence of isomers which 
does not involve the spatial relations between the groups at all but refers 
the isomerism to the double linkage between the atoms. 

The subject of relative asymmetry which appears to involve both the 
tetrahedral model and geometrical isomerism remains to be considered. 

Without entering into the details of the question, it may be stated that 
if “pseudoasymmetry” be extended to those cyclic compounds for which 
the explanation of relative asymmetry has been used, the experimental 
facts will permit of explanation without involving the position of the 
groups on one side or the other of the ring. 1 This has been pointed out 
by A. W. Stewart in his book on “Stereochemistry” 2 in which he states 
that “relative asymmetry” is only a special case of “pseudoasymmetry.” 

7. Nitrogen Compounds Containing a Single Bond. 

The study of the compounds of nitrogen in which directive valence 
(or transfer of corpuscles) takes the place of the usual method of linkage be- 
tween the atoms may be pursued in the same way as with the compounds 
of carbon. The nitrogen atom has the power of taking up three corpuscles, 
as shown by ammonia, or of losing five. The latter cannot be .seen directly 
since the compounds of nitrogen with the univalent elements capable of 
taking up corpuscles (namely, the halogens) are unstable under ordinary 
conditions, but is evident from the compounds of nitrogen with oxygen. 
The difference between the two extreme states of nitrogen would be eight 
units of valence, or the nitrogen in ammonia differs from the nitrogen in 
nitric acid by eight corpuscles. The difference in the direction of the 
valence (or the loss or gain of corpuscles) can be followed much more 
readily with the nitrogen than with the carbon compounds, since a more 
evident difference in the pioperties of the compounds results, making it 
fairly easy to follow a given nitrogen atom containing a certain charge 
through a series of compounds and their derivatives. Nitrogen in addi- 
tion to being able to take up three corpuscles is able to take up a fourth, 
if at the same time one is also given up, ammonium -compounds being 
formed. 3 With the compounds of nitrogen, just as with carbon, if an 
element or group is joined by means of a single bond, this bond may be 
assumed to have a defmil direction depending upon whether the element 
or group is electronegative (capable of taking up a corpuscle) or eleetro- 
ppsitive (capable of giving up a corpuscle) toward the nitrogen. A 
possible exception to this may be quoted from an article by Meisen- 

1 For the development of “ pseudoasymmetry’ ’ cf. Werner, Loc. cit pp. 29 and 

U9- 

* P. 143. 

* Cf. Sir William Ramsay, J. Chcm. Soc., 93,^785 (1908). 
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heimer , 1 in which he considered it probable that in methylethylphenyl- 
hydroxyl ammonium hydroxide, the two hydroxyl groups are united to 
the nitrogen by unequal valences. 

In hydrazine, using directive valences, the two nitrogen atoms should 
have different properties (H 2 ^ N — ► N ^ H 2 ), the a atom 

(«) ($) 

possessing one negative charge, the /? atom three negative charges. If a 
compound containing two molecules of hydrochloric acid and one of 
hydrazine is formed in which both nitrogen atoms are pentavalent, then the 
/? nitrogen atom having gained four corpuscles and lost one is comparable 
to the nitrogen atom in ammonium salts and the a nitrogen atom having 
gained three corpuscles and lost two is comparable to the nitrogen atom 
in amine oxides or amine dihalides. The properties of hydrazine di- 
hydrochloride bear out this comparison. Of the two hydrochloric acid 
molecules which may be added, one is given off readily, and hydrazine 
itself behaves more like a substance capable of forming a mono-acid base 
than a di-acid base. Substituting the hydrogen atoms of hydrazine by 
different groups, in general only one compound would be stable even if an 
isomer should be formed under exceptional circumstances (for instance 
RHN — ► NHR' and RHN < — NHR'). If the entering groups do not 
differ from each other too greatly, it would be possible to isolate such un- 
stable isomers in some cases. This appears to have been done *by Will- 
gerodt 2 by the reaction between dinitrochlorobenzene and phenylhydrazine 
or a- or ^-naphthylhydrazine, and perhaps in other cases. 

8. Nitrogen Compounds Containing a Double Bond. 

The compounds of nitrogen containing a double bond would include the 
azo and diazo derivatives. It will not be necessary to go into detail with 
the azo compounds, since so few isomers belonging to this class are known . 8 

Among the diazo compounds it will be necessary to include the diazo- 
nium compounds, which will be spoken of first. These are derived from 
ammoniuffi salts in which the three hydrogen atoms are replaced by one 
nitrogen atom which shows similar properties. The formula of the 
diazonium salts may therefore be represented by 



X 


one nitrogen being the ammonia nitrogen combined with RX, the other 
being the nitrous acid nitrogen. For the *syn and anti diazo compounds 

1 Ber., 41, 3966 (1908). 

*/. prakt. Chem [2] 37, 449 (1888); 43, 177 (1891). 

1 The only certain cases of isomerism here appear to be with ^-azophenol, Will- 
st&tter and Benz, Ber., 39, 3492 (1906); 40, 1578 (1907) and with azobenzene, Gortner 
^aad Gortner, This Journal, 32, 1294 (1910). 
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there are evidently the two formulas containing the groupings .N ^ N. 
and . N ^ N . possible. In the formation of diazo compounds from a 
primary amine and nitrous acid, the first product formed is always the 
syn compound making it extremely probable that these are derived from 
the grouping R.N ^ N.X or R — > N ^ — N — > O < — H, the 
ammonia and nitrous acid nitrogens retaining their charges. Syn com- 
pounds can very readily be converted into anti compounds, most simply 
by the action of alkali in solution, but anti compounds cannot be con- 
verted directly again into syn, showing that the anti form is the more 
stable. This is also brought out by comparing some of the physical 
properties 1 of the two series. The anti diazo compounds may then be 
assigned the structure R — >• N N — O < — II analogous to the 
stable forms of the ethylene isomers in which the two valences also act in 
opposite directions. The chemical reactions which show the syn com- 
pounds to be more reactive than the anti are their greater explosiveness 
and the fact that they can be more easily reduced and oxidized. In 
coupling, the syn compounds also show their great reactivity as compared 
with the anti. 

The relation between syn diazo compounds and diazonium compounds 
is a very close one. They are readily transformed into each other, alkalies 
favoring the formation of the diazo derivatives, acids of the diazonium, 
while in solution both exist in equilibrium testifying to the readiness with 
which they are transformed into each other. All this is readily understood 
when directive valences are used, the structure of the two classes being 
represented by 

R->Nt=N-~>X and R — ► N 4= N, 

c 

X 

the X group or element (electronegative toward nitrogen as the direction 
of the valence shows) shifting its bond from the one nitrogen to the other. 

The replacement of the diazo group by other groups on the benzene 
(or naphthalene) nucleus is a well-known and characteristic property of 
these compounds. The more unstable syn derivatives decompose in this 
way fairly readily, the ease, of course, depending to some extent upon the 
substance used, while with the anti derivatives the.se reactions do not 
occur, or are very slow in their progress. The greater reactivity of 
the syn compounds would perhaps account for this, but it seems 
possible in this case to look for a deeper underlying cause. The great 
variety of groups which combine with the benzene nucleus when the 
nitrogen is eliminated, including hydroxyl, alkoxyl, halogen, cyanogen, 
1 The syn compounds are more soluble and show a lower melting point t&e 

anti. 
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sulphur, sulphonic acid, aromatic hydrocarbon residues, etc., shows that 
the ^reaction is not limited to any one group or class. The common 
phenomenon in all these reactions is the elimination of nitrogen and the 
cause of the reaction may justly therefore be found in the tendency of the 
nitrogen to be set free. The difference in the nitrogen in the syn and anti 
diazo compounds may be represented by — > N ^ N — and N 
N — > and upon being set free, if the trivalent nitrogen still per- 
sists, the syn would be represented by N 4 — N and the anti by N N. 
If the trivalent property becomes transformed into some other, then there 
appears to be no reason why one form should give off the nitrogen any 
more readily than the other. The reaction is then referred back to the 
tendency of the nitrogen in the diazo compounds to form the nitrogen 
molecule N -< — N. This leads to the conclusion that in the nitrogen 
molecule, the two atoms are charged, differently, one positively, the other 
negatively. The same fact is indicated by the formation of nitrogen when 
ammonium nitrite is heated, and the reverse action. 1 

9. Compounds Containing a Double Bond between Unlike Atoms. 

So far isomerism caused by two atoms of an element combined in 
different ways, which was explained as being due to the difference in the 
direction of the valence, has been considered chiefly. The same principles 
should be applicable to combinations of different elements and the possi- 
bilities of isomerism due to the double bond in these cases should follow 
analogous rules. Following the reasoning used in the example already 
discussed, it is possible to limit the cases of possible isomerism somewhat 
in considering combinations of two dissimilar elements. When two 
dissimilar elements unite by a single bond, the direction in which the 
corpuscle is moved in order to establish this linkage is, in general, per- 
fectly definit, the opposite direction occurring only under exceptional 
conditions. If a second linkage (or a double bond) is established between 
the two atoms, the direction in which the second corpuscle moves will 
either be the same or opposite to that of the first corpuscle, giving rise to 
two isomeric compounds of thfc same structure differing only in the direc- 
tion of one valence. These two isomers would differ in stability, and the 
more stable one may for the present be assigned the structure in which 
both valences possess the same direction, since this appears to be the most 
reasonable view in the union of two dissimilar atoms. This subject may 

1 This deduction holds only for the nitrogen molecule, but the conclusion that 
an atom may possess a different charge depending upon the conditions is not new. 
Cf. W. A. Noyes, J. Am. Chetn. Soc. t 32, 1070. “ This is in ac- 

cord with the hypothesis first proposed by the writer in 1901 {Ibid . , 23, 463) that atoms 
,of the same element may in different cases assume either positive or negative charges. 
^Essentially the same fundamental idea has been proposed quite independently by 
Abegg and, from a wholly different point of view, by J. J. Thomson.” 
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be exemplified by the carbonyl group. Following the reasoning given, 
the structure : q ^ Q would be the stable one; if an isomer occur, the 
grouping : C ^ O would be assigned to it, whereas the grouping : C ^ O 
would be so unstable as to render the compounds in which it might be ex- 
pected to exist, too unstable to be isolated. These stable isomers differ 
in structure then from the stable isomers in which two carbon or nitrogen 
atoms are united by a double bond, the direction of the two valences being 
opposite to each other in the latter, in the same direction in the former. 

A large number of isomeric compounds containing a double bond be- 
tween two unlike atoms are known. To begin with the simplest case of 
all, benzophenone is known to exist in two modifications, one stable, the 
other labile and going over into the stable form with great ease. Of these 
modifications, the stable one, melting at 48.5°, may be assigned the 
structure (C 0 1I 5 ) 2 C ^ O and the labile one, melting at 25 °, the structure 

(C u H 5 ) 2 C 7^ O. 1 Other ketones which exist in two modifications are 
known. Among these may be mentioned />-tolylphenylketone, stable 
variety melting at 59-60°, labile variety melting at 55°, and fiuorenone. 
Perhaps the two forms of 0-quinone and of diphenoquinone belong to this 
group. 

A group of substances derived from the ketones, or in general from 
compounds containing the carbonyl group, occur in isomeric forms which 
may be explained in the same way as with the simple ketones. The 
classes showing this isomerism are the oximes, hydrazones, semicar- 
bazones, chloroimides, etc. It seems hardly necessary to enter into any 
details with regard to the structures of these classes of compounds, since 
the method of treatment is the same as that already used, and the stability 
and other relations would be taken up similarly. A few lines may, how- 
ever, be devoted to the oximes. On treating an aromatic aldehyde with 
hydroxylatnine directly the “anti” aldoxime is formed first and can bo 
converted into the “syn” form by suitable treatment. From this, the 
anti form would be assigned the structure RH : C ^ N — > O < — H 
and the syn form the structure RH : C 7"^ N — > O < — H. The 
different properties of the two forms of the aldoxime would then be due 
to the difference in linking between the carbon and nitrogen atoms in the 
two cases. Similar reasoning applies to the ketoximes, the structure 
to be assigned to the two forms which differ in the union between the 
carbon and nitrogen atoms and the reactions of these forms differing 
according to the influence of that union. In the Beckmann rearrange- 
ment, the group which would exchange positions with the hydroxyl de- 
pends upon the nature of that group as compared with the nature of the 
nitrogen atom. 

1 Schauni, Chem.-Ztg 47, 417 (1910) states that the two modifications differ 
chemically. 
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Thus the isomerism which has been explained heretofore by geometrical 
isomerism in all these classes may be Referred to the direction of the two 
valences in the double bond without considering the spatial position of the 
groups. All double-bond isomerism may be attributed to the same cause. 

10. Partial Valence. 

The fundamental hypothesis used in this paper to account for chemical 
combination requires that the atoms joined by the transfer of a corpuscle 
should possess electric charges, the atom which loses the corpuscles, a 
positive charge, the atom which gains the corpuscle, a negative. In 
general, therefore, the parts of a molecule should be charged differently, 
and should therefore be able to attract the parts of other molecules possess- 
ing opposite charges. This attraction evidently will be different in 
character and intensity from the attraction between two atoms combined 
chemically by the transfer of a corpuscle. In this connection it is of 
interest to quote from Thiele’s original paper on partial valence in which 
the analogy between double bonds and molecular magnets is drawn, in 
which he does not, however, refer the forces to the action of electric charges :* 
“Man kdnnte sich einen solchen Ausgleich vielleicht so vorstellen, dass the 

Atome einer Doppelbindung entgegengesetzt positiv und negativ geladen 

+ — 

seien, C — C. Bei benachbarten Doppelbindungen wiirdefl sich dann the 
inneren Ladungen ausgleichcn: 

C = c~~ c-c — > c*=c— c«=c 

I I I I I ^ I 

I I 1 I I I 

lilt I I 

Man erhielte dann eine Anordrung, ahnlich der, die benutzt wurde, im 
mit Hiilfe der 1 Molekularmagnete ’ die Constitution der Magnete zu 
erkl&ren.” 

Evidently with the use of directive valence, the charges on the atoms 
are not distributed as simply as pictured in this analogy, but each atom 
or group combined with the carbon atoms involved will have its effect on 
these. It would also not be necessary for each of the carbon atoms in- 
volved to exert its attractive force. It may be pointed out that the 
partial valences need not be, and probably are not, the most important 
factors involved in causing a chemical reaction to take place, and that all 
that need be assumed is that they exert a directive influence on the enter- 
ing groups or atoms when addition takes* place to a double bond. This 
fact harmonizes the conclusions drawn so far in this section with those 
obtained in the sections where the direction of the valences in double 
bonds were considered. Explanations for individual reactions on the 
basis of this view, which accounts for partial valence as the attraction of 
the electrically charged parts of a molecule will not be given here. 

1 Ann ., 306, 89^-90 (1899). 
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Within recent years, partial valence has been used to explain a some- 
what different phenomenon, namely, the formation of quinhydrones , 1 
while “Nebenvalenzen” have been used to account for the existence of a 
number of isomeric compounds by Hantzsch . 2 With the view of partial 
valence, which may include the “ Nebenvalenzen ” as used by Hantzsch, 
developed here it would then appear that the electric attraction between 
certain atoms or groups of the same or different molecules is sufficiently 
strong to produce configurations stable enough to exist under ordinary 
conditions and to produce characteristic individual effects, such as in the 
first case mentioned, distinctive color. The laws governing these differ- 
ences in intensity of the partial valences can only be found as a result of 
experimental investigation. 

Electric attraction between electrically charged atoms has suggested 
a possible explanation for an entirely different class of phenomena, 
namely, that of the anomalies existing in aqueous solutions of highly 
ionized electrolytes. The following quotations are taken from a paper 
by A. A. Noyes . 8 “ . . This principle is that the ionization of salts, 

strong acids, and bases is a phenomena primarily determined not by 
specific chemical affinities, but by electrical forces arising from the charges 
on the ions ” 

“The molecular explanation of these facts and the more general con- 
clusions drawn from them would seem to 'be that primarily the ions are 
united somewhat loosely in virtue of their electrical attraction to form 
molecules, the constituents of which still retain their electric charges and 
therefore to a great extent, their characteristic power of producing optical 
effects and such other effects as are not dependent on their existence as 
separate aggregates. Secondly, the ions may unite in a more intimate 
way to form ordinary uncharged molecules, whose constituents have 
completely lost their identity and original characteristics. These two 
kinds of molecules may be designated electrical molecules and chemical 
molecules, respectively, in correspondence with the character of the 
forces which are assumed to give rise to them ... . The facts, moreover, 

indicate that chemical molecules are formed from the ions in accordance 
with the principle of mass-action, but that electrical molecules are formed 
in accordance with an entirely distinct principle, whose theoretical basis 
is not understood. ,, 

It is evident that the two kinds of molecules referred to here are strictly 
comparable with the substances spoken of as formed by the transfer of 
corpuscles (chemical bonds) and those formed by electrical attraction or 
partial valence, with the addition that in aqueous solution phenomena 

1 Willstatter, Ber. t 1908, and others. 

* Hantzsch, Ber., 1910, chiefly. 

• This Journal, 30, 351-2 (1908). 
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are made apparent and predominate which do not appear to an appreciable 
extent with the organic compounds which were chiefly considered hereto- 
fore. 

11. Complex Inorganic Salts. 

The direction of the valence in the simple inorganic salts which ionize 
in aqueous solution can readily be determined. Some interesting con- 
clusions have been pointed out for these in the section on Partial Valence. 
The complex inorganic salts cannot be treated in as simple a manner. 
It is not necessary, however, to develop the hypothesis for these here as 
this has already been done by Sir William Ramsay in his Presidential 
Address before the London Chemical Society in 1908. 1 The part of this 
address relating to the subject in question will be quoted and may serve 
to show how the assumptions made may be applied to the cobaltammine 
nitrites:. 3 

“Just as the nitrogen atom in NH 4 C 1 takes one electron from the hy- 
drogen of the HC 1 and gives one up to the chlorine, so it appears reasonable 
to suppose that in these cobaltammines each nitrogen atom of the three 
ammonia groups takes from the cobalt atom one electron, while it gives 
one at the same time. The formula of the triammino-nitrite would there- 
fore be / 

NH 3 

ti 

H 3 N ^±Co= (NO,), ■ 

ti 

nh 3 

If another molecule of ammonia be added, then the cobalt atom gives 
to the nitrogen of the ammonia an electron, but does not receive one in 
return. The nitrogen atom of that ammonia group is then “overloaded” 
for it has received four electrons in addition to its normal five, 3 making 
nine in all; now it appears that no element can be associated with more 
than eight in all. Hence that nitrogen atom must lose an electron. This 
it imparts to one of the (N 0 2 ) groups, which parts company with the 
cobalt atom, and, as a complex ammonium nitrite is now present, it is 
ionizable on solution in water. A glance at the proposed formula will 
explain the conception 

1 “The Electron as an Element,” J. Chcm. Soc 93, 774. 

2 Pp- 785-7. 

•The nitrogen atom is assumed by Ramsay to carry live corpuscles normally. 
In the deductions given here this assumption is not made in the same form, but prac- 
tically the same assumption, based also upon experimental facts, is made with re- 
gard to the number of corpuscles which an atom is able to gain or lose. 
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NHjNO, 


Co = (N0 2 ) 2 . 



The remaining formulas 1 may be written 


similarly, thus: 


NH 8 N 0 2 
| NII.NO, 
HjN Co— -N 0 2 

H S N^ ^NH, 


NH. 

|| ^rNR.NO, 

II S N Co — ►NH jNOj, 

|| ^nh,no 2 

Nil, 


Why is the group Co(NH 3 ) a (N0 2 ) 8 not ionizable? Let us first inquire: 
Why is cobalt nitiate ionizable? (Cobalt nitrite is unknown). Because 
the cobalt atom gives up an electron to each of the three NO, groups, 
remaining itself an ion. That is, the metal cobalt has three electrons 
associated with it; what we call “metallic cobalt” is a “ tri-electride of 
cobalt.” As “cobaltion,” it lias parted with its three electrons. But 
in the last of the compounds above, the cobalt has not three electrons at 
its disposal; it has already parted with them to the NH 3 N0 2 -groups. And 
w r e are led to conclude that in the non- ionizable compound the cobalt 
does not, as in its ordinary salts, part with three electrons, but that it 
receives them from the nitro groups.” 

This explanation of the cobaltammine nitrites evidently agrees with 
the views of structure developed here. The nomenclature differs slightly 
from that in general use. The formulation of other complex salts could 
doubtless be carried out in the same way, but wall not be attempted here 
as it is only desired to show* the possibilities of the conception of directive 
valences. 


12. Summary. 


An attempt has been made in this paper to apply the hypothesis of 
J. J. Thomson, according to which chemical bonds are formed by the 
transfer of a corpuscle from one atom to another, to a number of classes 
of compounds. 2 

The most interesting result obtained is that all cases of isomerism con- 
nected with the presence of a double bopd, whether between like or un- 
like atoms, have been referred to the direction of the valences of the double 
bond, instead of to spatial configurations as heretofore. 

The existence of certain isomers and the explanation of some hitherto 


1 For the remaining cobaltammine nitrites. 

3 This is not the only hypothesis which may be used. The interesting deductions 
of J. Stark ( Jahrb . der Rad . Elekt ., 5, 124 (1908)) based upon a different fundamental 
assumption may be cited, although he includes chiefly phenomena of a different kind. 
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unexplained reactions have also been referred to the directions of the 
valences. 

The existence of 4 4 partial valence” is shown to follow from the electric 
charges of the atoms in a molecule. 

Applications of the hypothesis to inorganic compounds have been 
taken from the work of A. A. Noyes and of Sir William Ramsay. 

Massachusetts Institute of Technology, Boston, 

Columbia University, New York. 
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RESEARCHES ON QUINAZOLIEES (TWENTY-SIXTH PAPER). THE 
SYNTHESIS OF SOME STILBAZOLES, HYDRAZONES AND 
SCHIFF BASES IN THE 4-QUINAZOLONE GROUP. 1 

By Marston Taylor Bogkrt, George Denton Beal and Carl Gustave Amend. 

Received September 24, 1910. 

Various papers from this laboratory 2 have shown that in the 4-quinazo- 
lone group it is a relatively simple matter to prepare derivatives carrying 
a methyl group in position 2 and amino groups on either or both the 
benzene and miazine portions of the nucleus. Such substances con- 
stitute interesting material for the study of the action o^ these various 
groups with aldehydes. 

For, it is well known that methyl groups on a nuclear carbon adjacent 
to the nitrogen of a heterocycle, as, for example, in the a-picolines, the 
quinaldines, and the like, easily condense with aldehydes to compounds 
of the type R.CH : CH.R', in which R represents the heterocycle and 
R' the radical of the aldehyde used. 8 For compounds of this type where 
R' is a simple or substituted benzene nucleus, the name “stilbazole” 
has been introduced, 4 on account of the structural similarity of such 
substances to the stilbenes. 

The condensation of aldehydes with Z?z-amino compounds, or anilines, 
to compounds of the R.N:CH.R' } or Schiff base type, is also an old story. 

Biilow® and others® have shown that aldehydes condense to hydra- 
zones with the Af-amino groups of nitrogen heterocycles. 

1 Read at San Frandsco meeting of the Society, July 15, 1910. 

• Bogert et at , This Journal, 32, 784 and 1297 (1910). 

8 Jacobsen and Reimer, Ber., 16, 2006 (1883); Wallach and Wusten, Ibid., 16, 
2008 (1883); Dobner and Miller, Ibid., 18, 1646 (1885); Ladenburg, Ibid., 19, 439 (1886); 
Baurath, Ibid., 20, 2719 (1887), and ax, 818 (1888); Bulach, Ibid, 20, 2047 (1887); 
Heyman and Konigs, Ibid., 21, 1424 and 2167 (1888); Eckhardt, Ibid., 22, 279 (1889); 
Busch and Konigs, Ibid., 23, 2682 (1890); von Grabski, Ibid., 35, 1956 (1902); Ldw, 
Ibid., 36, 1666 (1903); and others. 

4 Baurath, Loc. cit. 

• Ber., 40, 4749 (1907). 

• Bogert and Gortner, This Journal, 31, 947 (1909). 
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The first 4-quinazolone studied by us was the 2-methyl-4-quinazolone, 
whose structure resembles that of quinaldine or, still more closely, that of 
f-quinaldone, 



■N 


^C- 


-ch 8 


CH 


I 

H 

Quinaldine. 


-ch, 

U\ C A 

II 

o 

f-Quinaldone. 


CH, 


\r/ 




o 

2-Metliyl-4-quinazolone. 


It condenses easily with aromatic aldehydes t© the stilbazole; with benzal- 
dehyde, for example, giving the simple styryl derivative, 


s/ N V 




NH 



ii 

C) 

Boiling with caustic alkali, or with strong hydrochloric acid, fails to 
hydrolyze these compounds to aldehyde and quinazolone again. By 
virtue of the — CO.NH — - -C(OH) : N — grouping in the quin azo- 

line portion of the molecule, they dissolve in caustic alkalies and are re- 
precipitated from such solutions by carbon dioxide or by weak organic 
acids. 

2, 3-Dimethyl -4-quinazolone gives the corresponding 2-styryl-3-methyl- 
4-quinazolone with benzaldehyde, As the condensation product in this 
case cannot assume the enolic condition, it is insoluble in caustic alkali 
solutions. 

Passing on to the 2-methyl~3~amino- 4-quinazolone, 


/N C.CII3 

^n 4 < I 

x CO-N.Nl I 2 

the opportunity was presented for the aldehyde to condense with either 
the 2-methyl or the 3-amino group, giving in the one case a stilbazole 
(C-benzal), in the other a hydrazone (iV-bcnzal), or, finally, with excess of 
aldehyde, condensation might be effected with both groups simultaneously, 
yielding a compound which w T ould be both stilbazole and hydrazone in 
structure. As will be seen from the experiments described beyond, 
representatives of all three of these classes have been obtained, in con- 
nection with these experiments, the following observations are of interest: 

1. With benzaldehyde and the quinazolone in equimolecular pro- 
portion, the condensation occurs first with the iV-amino group, giving 
the hydrazone. 

2. With excess of aldehyde, the dimolecular condensation follows, 
i, e. t aldehyde condenses with both the methyl and the amino group. 
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3. The hydrazone is readily hydrolyzed by boiling dilute hydrochloric 
acid, while the stilbazole is unaffected by this treatment. Hence, on 
boiling the dimolecular condensation product with 10 per cent, hydro- 
chloric acid, the stilbazole, 2-styryl-3-amino~4-quinazolone, which could 
not be prepared by direct condensation, was easily obtained. 

4. With cinnamic aldehyde, salicylic aldehyde, or vanillin, the aldehyde 
condenses only with the jV-amino group. Heating either these hydrazones 
or the original 2-methyl-3-aniino-4-quinazolone with excess of the aldehyde 
does not give the di-aldehyde condensation product, although, as has 
been mentioned already, these aldehydes condense freely with the 2-methyl 
in the absence of the 3-amino group. But, if these hydrazones be heated 
with benzaldehvde, then the 2 -methyl is immediately changed to the 
styryl group. From which, it might be inferred either that this 2-methyl 
group is much more reactive towards benzaldehyde than towards the other 
aromatic aldehydes mentioned, or that if the failure of the other aldehydes 
to give di-aldehyde condensations is due to steric hindrance, the presence 
of another aldehyde group in position 3 does not prevent the entrance of 
the benzal group in position 2. 

2-Methvl-7-amino-4-quinazolone presents a slightly different condition 
of affairs. Tike the 2-methyl-3-amino-4* quinazolone, condensations are 
possible here with the methyl, the amino group, or with both. The 
amino group is, however, differently located in the molecule, being on the 
benzene and not on the miazine side of the nucleus, and in union with 
carbon instead of w r ith nitrogen. Aldehydes condensing with this amino 
group should thus yield true Schiff bases instead of hydrazones. 

In our first experiment with the 2 -methyl- 7-amino-4-quinazolone and 
benzaldehyde, a mono-benzal derivative was obtained which was ap- 
parently the Schiff base, since it could be hydrolyzed into aldehyde and 
quinazolone again by long boiling with dilute potassium hydroxide solu- 
tion. Subsequent attempts to get this same product all failed. Ir- 
respective of the amount of benzaldehyde used with the quinazolone, the 
same product resulted in all other experiments, but a product different 
from the one obtained in the first experiment. The fact that this product 
obtained in most of the experiments can be acetylated would argue the 
presence therein of an unchanged amino group. We do not feel satisfied 
with the results with this particular quinazolone, and if an opportunity 
presents will repeat the work. It is contrary to our experience in other 
cases that the 7-amino group should condense more readily with benzal- 
dehyde than the 2-methyl, and the mono-benzal derivative isolated in 
the first experiment must be obtained again and further studied before we 
are convinced that in it the benzaldehyde has condensed with the 7-amino 
group. 

No such complications appeared in the interaction of 2-methyl-7- 
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acetamino-4-quinazolone and benzaldehyde, which resulted in a smooth 
condensation between the aldehyde and the 2-methyl group. 

In the case of 2,3-dimethyl-7-amino-4-quinazolone also, the mono- 
benzal condensation product obtained proved to be the styryl compound, 

e., the stilbazole, from which it can be gathered that, under the con- 
ditions of our experiment at least, the 2 -methyl reacts with benzaldehyde 
more rapidly than the 7-amino group. 

Finally, in the 2 methyl 3 , 7- diamino-4-quinazolone , we find three 
groups capable of taking part in the reaction with aromatic aldehydes, 
yielding respectively stilbazoles, hydrazones, or Schiff bases, or compounds 
containing two or all of these functions simultaneously. 

On heating this quinazolone with excess of benzaldehyde, all three 
groups reacted, the tri-benzal derivative being the chief product. At 
the same time there were formed two isomeric di-benzal derivatives, 
but in amount insufficient to identify. 

When the 7 amino group was acetylated, the 2 methyl and 3-amino 
groups condensed smoothly with the benzaldehyde. The 6-aeetamino 
isomer behaved similarly. When both 3- and 7-amino groups w T ere 
acetylated, the 2-methyl group could be similarly condensed with the 
aldehyde. 

Summing up, then, our results would seem to show that, with reference 
to their activity towards benzaldehyde, and under the conditions of our 
experiments, the above groups can be arranged in the following order: 
first, the 3-(or JV-) amino group; second, the 2-methyl group; and third, 
the 7-(or Bz-) amino group. 

Experimental. 

7 . Condensations with 2 -Methyl- 4- quinazolone. 

With the exception of the first, compounds carrying the — CO.NH — 
— C(OH) : N — group are written in the keto form and called 
quinazolones. 

2-S tyryl- 4- quinazolone (2- Styryl- 4- hydroxyquinazoline ) , 

/N =.- C.CII :CH.C 6 II 5 ,N ==r= C.CIl:CH.C a H g 

' C a H 4 < | or C 6 1 I 4 <( | 

XX)— NH x:(OH):N 

2-Methyl* 4-quinazolone was mixed with slightly more than the equi- 
molecular amount of benzaldehyde and the mixture boiled for ten minutes 
over the naked flame. The melt, crystallized from alcohol, yielded color- 
less, silky needles, melting at 252-3° (cor.). 

Found: N, 11.86. Calculated for C 1( .H 12 ON 2 : N, 12.0. 

The compound is rather difficultly soluble in alcohol, chloroform or 
glacial acetic acid; very difficultly soluble in ether or carbon disulphide. 
The benzal group is not broken off by boiling with potassium hydroxide 
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solution or with hydrochloric acid* With bromine, in chloroform or 
glacial acetic acid solution, it yields a mono-bromo substitution product. 
No di-bromo addition was noted. 1 An effort was made to oxidize the 
styryl quinazolone to the 4-quinazolone-2-carboxylic acid by the method 
of Bamberger and Berle, 2 but the results were unsatisfactory. 

In an attempt to get the intermediate alkine (i. e., C # H 6 ON 2 .CH 3 .CH- 
(OH).C 6 H 5 ), equimolecular amounts of 2-methyl-4~quinazolone and 
benzaldehyde, mixed with some water, were heated in a sealed tube for 40 
hours at 140 °. At the close of the heating the tube was found to be 
filled with crystals, which when recrystallized from alcohol proved to be 
identical with the above 2-styryl-4-quinazolone. 

/N - C.CH : CH.C 6 H 4 .OH(o) 

2-o-Hydroxystyryl-4-quinazolone, C e H 4 <y | . — 

XXXNH 

An equimolecular mixture of 2-methyl-4-quinazolone and salicylic alde- 
hyde was boiled for ten minutes and the product crystallized from alcohol. 
Minute, pale yellow needles separated, melting with decomposition at 
307 °. 

Found: N, 10.92. Calculated for C l8 H 12 0 2 N 2 : N, 10.60. 

The substance is difficultly soluble even in hot alcohol. With hydro- 
chloric acid or with potassium hydroxide, it yields bright panary-yellow 
salts. 

2-m-Metkoxy-p-hydroxystyryl-4-quinazolone t 
- C.CH : CH.C 0 H,(OH) (p) (OCH a ) (m) 

C 0 H 4 <f | . — Equimolecular amounts 

x CO.NH 

of 2-methyl~4~quinazolone and vanillin were fused together over 
the flame until crackling ceased (ten minutes). The cold melt was crystal- 
lized repeatedly from alcohol. Pale yellow, minute needles resulted, 
which softened at about 275 0 (cor.) and at 280° (cor.) melted down to a 
brownish liquid. 

Found: N, 9.63. Calculated for C, 7 H 14 0 3 N a : N, 9.52. 

The alkaline salts are a darker yellow, but possess no tinctorial power. 

//. Condensation with 2,3-Dimethyl-4~quinazolone. 

✓N — C.CH : CH.C $ H 6 

2-Styryl-$-methyl-4~ quinazolone, C 6 H 4 \ | . — 2,3-Di- 

x CO.N.CH s 

methyl-4-quinazolone and benzaldehyde were boiled together until the 
crackling ceased, and the cold melt was then crystallized from dilute 
alcohol. Fine, light yellow needles were obtained, melting at 170° (cor.). 
Found: N, 10.72. Calculated for C, 7 H 14 ON 2 : N, 10.68. 

To make certain that the 2-methyl group was the only one participa- 

1 Compare Wallach and Wusten, Ber., 16, 2009 (1883); Dubke, Ibid., 27, 79 (1894). 
* Ann., 273, 330. 
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ting in the above reaction, some 3-methyl-4-quinazolone was heated with 
benzaldehyde for 6-8 hours at 180°, but no condensation ensued, 

HI. Condensation with 2 -MethyU 3-ammo- 4rquinazolone. 

The 2-methyl-3-amino-4-quinazolone was prepared by the method of 
Bogert and Gortner, 1 from acetoanthranil and hydrazine hydrate. 

In one case, however, another product was isolated, which we believe 
to be 

Aceioanthranilic acetohy dr azide, CH 8 CONII.C 6 H 4 .CONHNHCOCH s . — 
Acetoanthranil was stirred into an excess of aqueous hydrazine hydrate 
solution and the mixture warmed until complete solution resulted. Alco- 
hol was then added and on dilution with water a white precipitate sepa- 
rated, melting at 180 0 , and thought at first to be impure acetoanthranilic 
acid (in. p. 186 0 ). It was therefore boiled with acetic anhydride, to 
regenerate the acetoanthranil, but on cooling a product was obtained which 
crystallized from alcohol or from acetic anhydride in prisms, melting at 
193 0 (cor.). 

Found: N, 17.98. Calculated for C n H ia 0 8 N 8 : N, 17.94. 

✓N=C.CH 8 

2-Methyl- 3-benzalamino-4-quinazolone, C e H 4 < | . — This 

XXXN.N : CH.C 6 H 6 

has already been described by Bogert and Gortner, 2 who prepared it by 
boiling together for a few minutes 2-methyl 3-amino-4~quinazolone and 
benzaldehyde. It forms colorless prismatic needles. They give its 
melting point as 183° (cor.). By careful purification, we have succeeded 
in raising this to 187° (cor.). The condensation may be accomplished by 
boiling together the two constituents dry or, still better, by boiling them 
together in alcoholic solution. 

Further heating with benzaldehyde, converts this mono-benzal deriv- 
ative into the di-benzal compound described beyond. 

Hydrochloride . — The powdered base was suspended in dry ether and a 
stream of dry hydrogen chloride passed in. When the reaction was com- 
plete, the precipitate was filtered out, washed with dry ether, and dried 
in vacuum over solid potassium hydroxide and concentrated sulphuric 
acid. It was then a nearly colorless amorphous powder, softening at 
220 0 and decompOvSing without melting at about 300°. 

Found: N, 14.15; Cl, 11 53* Calculated for C 16 H 13 0 N 3 .HC 1 ‘ N, 14.01: Cl, 11.85. 


yN = C.CH : CH.C.H, 

2-Stvryl~3-benzalamino-4-quinazolone, C 0 H 4 <^ | . — 

XXXN.N : CH.C*H 5 

2-Methyl-3-amino-4-quinazolone and benzaldehyde were mixed, in the 
proportion of one molecule of the former to two of the latter, and the 

1 This Journal, 31, 947 (1909) - 
* hoc. cit . 
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mixture boiled for five or ten minutes. The solution was allowed to cool 
somewhat and was then poured into ten volumes of hot alcohol. On 
cooling, yellow crystals separated, which were purified by recrystalliza- 
tion from alcohol and then appeared in minute, nearly colorless stellate 
tufts, melting at 155 0 (cor.). 

Found: N, 12 04. Calculated for C 23 H l7 0 N,: N, 11.96. 

The benzal group attached to the nitrogen is easily broken out of this 
compound by hydrolysis with dilute mineral acid or with caustic alkali, 
while that attached to the CH is unaffected by such treatment. Even 
on boiling in simple alcoholic solution, the benzalamino group seems to 
suffer partial or slow hydrolytic cleavage, for the odor of benzaldehyde 
soon becomes quite pronounced in the recrystallization of the compound. 

The same substance was obtained by heating either 2 styryl-3-amino-4- 
quinazolone or 2-methyl-3~benzalamino-4-quinazolone with benzalde- 
hyde. 

Hydrochloride. — Some of this was separated in the hydrolysis of the 
above substance with hydrochloric acid. It is a yellowish solid, not 
melting below 300°. 

Found: N 10 52. Calculated for C^Hj-ONj HCl- N, 10 83. 

~ N-C.CH : CH.C 6 He 

2~Styryl-3~amino~4-quinazolonc f C 6 H 0 ( | . — 2-Styrvl- 

X CO.N.NH 2 

3-benzalamino-4-quinazolone was stirred into an excess of boiling dilute 
(10 per cent.) hydrochloric acid, and the benzaldehyde formed driven 
out with steam. The resultant clear solution was precipitated with sodium 
hydroxide and the yellow resinous precipitate purified by repeated crystal- 
lization from alcohol. Snowy plates, or broad needles, were thus ob- 
tained, melting at 164° (cor.). 

Found: N, 16.03. Calculated for C, c H l3 ON 3 : N, 15.97. 

Heated with benzaldehyde, the 2-styryl-3-benzalamino-4-quinazolone 
is reproduced. 

2-Styryl-3-benzoylamino-4-quinazolone. — The above quinazolone was 
suspended in water and treated with benzoyl chloride and a little caustic 
alkali. The crude product crystallized from alcohol in colorless needles, 
melting at 195 0 (cor.). 

Found: N, 11.59. Calculated for C^H^C^N,: N, 11.44. 

2 -M ethyl- j-cinnamalamino~4-quinazolone } * 

.N-C.CH3 

C«H 4 \ I . — An equimoleeular mixture of 2- 

X CO.N.N : CH.CH : CH.C 6 H 6 

methyl-3-amino-4~quinazolone and cinnamic aldehyde was boiled for ten 
minutes. The crude product was crystallized from alcohol, treated with 
boneblack in alcoholic solution, and finally recrystallized from dilute 
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alcohol. It then appeared in broad, bright yellow needles, melting at 
148-9° (cor.). 

Found: N, 14 23. Calculated for C lh H J5 ON/ N, 14.53. 

.N-C.CU, 

2-Methyl- 3-salicalamino- 4- quinazolonc, C 6 H 4 <^ | 

CO.N.N . CH.C 0 Il t .OH(o) 
— A mixture of 2-methyl-3-amino~4 quinazolone and salicylic aldehyde, 
in the proportion of one molecule of the former to two of the latter, was 
boiled ten minutes, the solution cooled somewhat, and poured into five 
times its volume of hot alcohol. On cooling, short, pale yellow needles 
separated, melting at 171 0 (cor.). 

Found: N, 14 91. Calculated for C 1( ,H t8 0 2 N 3 * N, 14.53 

On hydrolysis with hydrochloric acid or with potassium hydroxide 
solution, salicylic aldehyde is split out. Long boiling with excess of 
salicylic aldehyde fails to introduce another aldehyde group. It does not 
yield an ace t amino derivative with acetic anhydride. 

Potassium Salt . — Bright yellow. 

Hydrochloride. — The quinazolone was suspended in dry ether and dry 
hydrogen chloride passed in The hydrochloride is a bulky yellowish 
powder, melting with decomposition at about 250°. 

Found N, 13 50 Calculated for C 1( ,II 13 () 2 N 3 HC 1 N, 13.31 

N-C.CH :CIl.C,H 6 

2-Styryl- i-salicalaminoA-quinazolone, CJLy i 

XO.N.N :CH.C 0 H t .OH(e) 
— While the 2-niethyl-3-salicalamino-4-quinazolone refused to condense 
with another molecule of salicylic aldehyde, it did condense with b?nzal- 
dehyde when the two were boiled together for about ten minutes. The 
product crystallized from alcohol in yellowish needles, melting at 232-3 0 
(cor.). 

Found N, 11 60. Calculated for CogH^OjNj,: N, 11.44 

^/N-C.CIIg 

2-Methyl- i-vanillalami no -4- quinazolone, C 6 Ha ! • — 

X CO.N.N : CH.CjHA 

2-Methyl-3-amino-4-quinazo3onc was fused with twice the calculated 
amount of vanillin until water ceased to be evolved. On cooling, a pale 
yellow solid was obtained. This was pulverized and crystallized twice 
from alcohol, giving small yellowish prisms, or minute needles, melting 
at 215-6° (cor.). 

Found: N, 13 77. Calculated for C l7 H,, 0 3 Nj N, 13.59. 

With hydrochloric acid, or with potassium hydroxide, it forms deep 
yellow salts which show no tinctorial power. 1 Boiled with hydrochloric 
acid, the odor of vanillin appears. 

1 Compare Ber. t 39, 2749 (1906). 
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IV. Condensations with e-Methyl-y-amino-^quincaolom . 

2-Methyl~7-amino-4-quinazolone and Benzaldehyde. — In the first experi- 
ment, the aminoquinazolone was boiled for ten minutes with excess of 
benzaldehyde. The clear solution on cooling deposited rosettes of needles, 
which on recrystallization from alcohol appeared in short, silky needles 
of a pale cream color, melting at 324 0 (cor.). 

Found: N, 16. 1. Calculated for C lfl H 1# ON a : N, 15.97. 

It is readily soluble in nitrobenzene, amyl alcohol or acetone; moderately 
soluble in boiling alcohol; difficultly soluble or insoluble in ether, chloro- 
form, carbon tetrachloride or benzene. With concentrated hydrochloric 
acid, it turns a deep orange-yellow. Long boiling with dilute (10 per 
cent.) potassium hydroxide solution very slowly splits it into the alde- 
hyde and quinazolone again. 

Attempts to get this product a second time invariably failed. In all 
cases, apparently irrespective of the amount of benzaldehyde used, the 
product after careful purification by repeated crystallization from alcohol, 
melted at 324-5 °. A mixture of this substance with that obtained in the 
first experiment showed a depression of 17 0 in the melting point and the 
analytical figures do not check either with those calculated for a mono- 
or a di-benzal derivative: f 

Found: C, 68.77 and 68.89; H, 5.38 and 4 91; N, 13.88, 13.94 and *3 72. Cal- 
culated for a tnono'benzal derivative (C ltt H, 3 ON 3 ): N, 15.97; for a di-benzal derivative 
(CwHjyON,): N, 11.97. 

The substance is not appreciably soluble in ether, chloroform, carbon 
tetrachloride or benzene. It dissolves in acetone, ethyl or amyl alcohol, 
or in nitrobenzene. With concentrated hydrochloric acid, it turns first 
yellow and then the color is discharged. With acetic anhydride, it gives 
an acetyl derivative which crystallizes from alcohol in colorless pearly 
plates, melting at: 274-6° (cor.) and containing 12.57 per cent, of nitrogen. 

2-Siyryl-7-acetamino-4-quinazolone, 

/N-C.CH :CHC # H 6 

CH 3 CONHC 6 H 3 <f | . — 2-Methyl- 7-acetamino-4-quinazo- 

x CO.NH 

lone was boiled with benzaldehyde and the solid product crystallized 
from alcohol. Short, colorless needles, melting at 323-4 0 (cor.). 

Found: N, 13.65 and 13.94. Calculated for C 1R H 15 0 2 N 3 : N, 13.77. 

The compound is not appreciably soluble in water or ether, but dis- 
solves readily in acetone, ethyl or amyl alcohol, or in nitrobenzene. 
Treated with concentrated hydrochloric acid, it first turns intensely 
yellow, then the color is largely discharged. On boiling, it dissolves 
slowly in the acid. 



RESEARCHES ON QUINAZOUMES. 


1663 


V . Condensations with 2 ^-Dimethyl- j-amino-4-quinazolone. 
2-Styryl- 3-methyl-j -amino- 4-quinazolone, 

/N-C.CH : CHC 6 H 6 

HjNQjHjC | . — As before, the amiuoquinazolone was 

x CO.NCH 3 

merely boiled with benzaldehyde. On cooling, the crude product sep- 
arated in yellow nodules, which were removed, washed with cold alcohol 
and then dissolved in hot alcohol. Water was added carefully to the hot 
alcoholic solution, and as the solution cooled yellow, twinned prisms 
crystallized out. On recrystallization, these melted at 229.5-230° (cor.). 
The mother liquor from these crystals showed a faint greenish fluorescence. 
Found: N, 15.31. Calculated for C 17 H lft ON 3 : N, 15.16. 

Heated with acetic anhydride, it yields the monoacetyl derivative de- 
scribed below. 

2-Styryl- 3-methyl-j-acetamino-4-quinazolone was prepared by boiling the 
above amino compound with acetic anhydride, as just stated, or by con- 
densing the 2, 3-dime thyl-7-acetamino-4-quinazolone with benzaldehyde. 
Purified by repeated crystallization from alcohol, it forms yellowish 
needles, melting at 272° (cor.). 

Found: N, 13.32. Calculated for C 10 H 17 O,N 3 : N, 13 17. 

V 7 . Condensations with 2- Methyl- 3 >7 -diamino- 4-quinazolone. 
2-Styryl- 3 ,7 -dibenzalamino- 4-quinazolone, 

/N-C.CH : CH.C 6 H 6 

CgH s CH : N.C 6 H 3 y | . — 2 -Methyl-3, 7-diamino-4-quin- 

x CO.N.N : CH.C,.H 5 

azolone was boiled for a few minutes with excess of benzaldehyde. Upon 
cooling, a yellowish granular mass was obtained. This was extracted 
repeatedly with boiling alcohol, and the insoluble residue dried. This 
insoluble product melts at 238° (cor.) and is yellow in color. 

Found: C, 79 1; H, 4 99; N, 12 29. Calculated for C 30 H 22 ON 4 : C, 79 3; H, 4.85; 
N, 12.33. 

It is readily soluble in chloroform, amyl alcohol or nitrobenzene; 
moderately soluble in acetone or benzene; but very difficultly soluble in 
ethyl alcohol or ether. 

On concentrating the mother liquor from the above tri-benzal com- 
pound, a substance was isolated which on repeated crystallization from 
alcohol appeared in short, glistening, yellowish needles, melting fairly 
sharply at 196° (cor.). 

Found: N, 15 47. Calculated for C„H lB ON 4 : N, 15.3. 

This corresponds, therefore, to a di-benzal derivative. Its dilute 
alcoholic solution shows a greenish fluorescence. 

In the mother liquor from this latter was found a third substance. 
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crystallizing in dark yellow glistening, plates, melting at 172* (cor.), 
and also showing a greenish fluorescence in alcoholic solution. 

Found: N, 15 43 Calculated for C 23 H l8 ON 4 : N, 15.3. 

The results would indicate that the above two substances are isomeric 
di-benzal derivatives, but the amounts isolated were insufficient for 
further investigation. 

2-Styryl-3-benzalamino-7-a ceta mino-4-quinazol one. — 2 -Methyl -3 -amino- 7- 
acetamino-4-quinazolone was boiled with excess of benzaldehyde for 
five or ten minutes. The quinazolone dissolved readily in the hot alde- 
hyde and the water escaped with a strong crackling noise. On cooling, 
the crude product separated in clusters of dark-yellow needles. If neces- 
sary, the excess of aldehyde can be blown out by a current of steam. 
Recrystallized from alcohol, the product forms yellowish needles, melting 
at 261° (cor.). 

Found. N, 13 96. Calculated for C 2 - H 20 O 2 N 4 . N, 13 72 

It is practically insoluble in water, ether, or aqueous solutions of caustic 
alkalies, but dissolves easily in ethyl or amyl alcohol, acetone or nitro- 
benzene. Its alcoholic solution shows a greenish fluorescence. With 
cold concentrated hydrochloric acid, it turns a deep yellow, but does not 
dissolve to any great extent. * 

2-Styryl-3y7-diacetamino-4~qmnazolone was prepared in a similar manner 
by condensing 2-methyl-3, 7-diacetamino-4-quinazolone with benzal- 
dehyde. Purified by crystallization from dilute alcohol* it melts at 
283-4° (cor.), after preliminary softening a few degrees below this point. 

Found: N, 15 56 Calculated for C 2n H^O^N 4 ' 15 47. 

It is soluble in water* ethyl or amyl alcohol, or chloroform, when hot, 
or in cold acetone, and dissolves with ease in hot acetone or nitrobenzene. 
With cold concentrated hydrochloric acid, it turns dark yellow and dis- 
solves. It is somewhat tribo-electric. 

VII. Condensation with 2 -M ethyl- 3 -a m ino-6-acctamino - 4-quinazolone . 

2-Styryl-3-benzalamino-6-acetamino-4-quinazolone was prepared like its 
7-acetamino isomer by condensing the corresponding inethylaminoacet- 
aminoquinazolone with benzaldehyde. On boiling, the benzaldehyde 
solution changed from light yellow to dark reddish orange. When allowed 
to cool, a yellow crystallin cake resulted. The excess of benzaldehyde 
was blown out with steam, and the residual solid crystallized from alcohol. 
Short, yellow, silky needles were obtained, melting at 238-9° (cor.). 

Found: N, 13.88. Calculated for C^H 20 O 2 N 4 : N, 13.72. 

The compound is tribo-electric. It is darker yellow than its 7-acet- 
amino isomer, more freely soluble in alcohol, and its alcoholic solutions 
show a stronger fluorescence. 
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MOLECULAR REARRANGEMENTS IN THE CAMPHOR SERIES. VI. 
ISOCAMPHOLACTONE . 1 

By William A. Noyes and A. W. Hombbrger. 

Received October 13 , 1910 . 

In a previous paper 2 we gave a brief report of a compound which we 
then considered to be a dilactone and to which we assigned the formula 
The compound is formed when isocampholactone is heated 
for some time with nitric acid and this led us to examine the substance 
qualitatively for nitrogen. For some reason, probably because the com- 
pound does not respond very readily to the usual test with metallic sodium, 
the result was negative, but after pursuing the study of the compound 
for some time further it was discovered that it has the composition of a 
CO 

/i 

nitrolactone, CgH 13 — O . This has a molecular weight of 199 and does 

\ 

no 2 

not agree with the determinations of the molecular weight reported in 
our first paper. The determinations by Victor Meyer's method were not, 
however, concordant and the low values found may have been due to 
partial decomposition. 

The isocampholactone required for our experiment was prepared by de- 
composing the nitroso derivative of the anhydride of aminelauronic acid 
by boiling with a 10 per cent, solution of sodium hydroxide. 3 The .specific 
rotation was determined in an 8.8 per cent, solution in alcohol, and gave 
(a) D = — 63.1° at 28°. Taveau 4 gives the rotation in a 5 per cent, 
solution in alcohol as — 60.7°. 

Action 0} Ammomum Hydroxide on Isocampholactone . — Five tenths of a 
gram of isocampholactone were heated in a sealed tube in a water bath for 
18 hours, till the lactone had passed into solution. The solution w'as 
evaporated in a vacuum desiccator and the residue purified by solution 
in absolute alcohol and precipitation with ligroin. It then melted at 137 0 
and the analysis showed that it was the ammonium salt of the hydroxy acid 
corresponding to the lactone. 

Calculated for C h H 14 ( 0 H)C 0 2 NH 4 * C, 57 14. H, 10 05; N T 7 4. 

Found: C, 57 20; H, 10 2 ; N, 7 26 

1 Abstract of a thesis presented by Mr. Homberger to the Graduate School of the 
University of Illinois in partial fulfilment of the requirement for the degree of Doctor 
of Philosophy. 

# This Journal, 31, 281. 

8 Noyes and Taveau, Am. Chem. 32, 285; 35, 379 

4 Am. Chem . 32, 290. 
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On standing in the air or on heating the salt passes back to isocampho- 
lactone. 

Oxidation of Isocampholactone. — When isocampholactone is heated for 
48 to 72 hours with nitric acid of sp. gr. 1.27 in a flask sealed to an up- 
right condenser it is chiefly converted into the nitroisocampholactone 
which was described in our first paper as a lactone. If this is removed by 
dilution and filtration, the acid mother liquors leave on evaporation a 
viscous residue which crystallizes on standing. 

Acid , C 9 H 12 0 4 , melting at 138°. — After spreading the residue on porous 
porcelain to remove oily impurities it was crystallized from benzene. The 
analyses agree with the formula C^H^O^ 

Calculated for C 0 H ia O 4 C, 58 67; H, 6.57. 

Found. C, 59 09, 59 3, 59 o; H, 7.2, 7 02, 7 2. 

The titration with standard alkali gave results corresponding to the 
molecular weights 186.0 and 186.9, f° r a monobasic acid. Calculated 
184. The rotation of the acid in a 6 per cent, solution in alcohol was 
(«)n = — 42 -c >5 °- 

The Barium Salt , (C 9 H u 0 4 ) 2 Ba, was prepared by warming the acid with 
barium carbonate and water. It is easily soluble and separates without 
water of hydration. 

Found: Ba, 27 04. Calculated for (C,>H n 0 4 ) 2 Ba, 27 29 per <fent. 

The amide , C 8 H u 0 2 C 0 NII 2 , was prepared by warming 0.5 gram of the 
acid with an excess of phosphorus pentachloride over a free flame in a test 
tube closed with a “ Wallach’s Aufsatz” until the mixture became liquid 
and pouring the cooled product into ammonium hydroxide. The amide 
which separated melts at 164°. 


Calculated for C b H 13 O a N: N, 7 65. Found: 7 84 per cent. 


That the acid contains a lactone group was demonstrated by heating a 
portion of it for 12 hours on a water bath in a closed tube with somewhat 
more than two molecules of sodium hydroxide. Under these conditions 
0.0569 gram neutralized 6.37 cc. of 0.1 N sodium hydroxide. Calculated 
for a bibasic acid, 6.18 cc. 

It seems probable that this acid is formed by the oxidation of one of the 
methyl groups of isocampholactone. 


Nitroisocampholactone , C 8 H 13 (N 0 2 ) 


CO 

| , is the principal product formed 

O 


by the action of nitric acid (sp. gr. 1.27) on isocampholactone. It crystal- 
lizes from ligroin in needles. It is moderately soluble in ether and benzene. 
It melts at 122 0 and boils without apparent decomposition at 272 0 . The 
analyses were not altogether satisfactory, but leave no reasonable doubt 
as to the composition. 1 


1 Schryver's analyses of nitrocampholactone (J. Chem . Soc., 73, 562) were also 
unsatisfactory and somewhat similar to ours. 
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Calculated for C # H 13 0,N : C, 54 . 29, ; H, 6.53, ;N,7.04. 

Found: C, 56 09; 55 89; H, 7.10, 7.25. N, 7 1. 

54 85, 54 80; H, 7.12, 7.24; N, 7.2 
54.81, 54 90, H, 7 12, 6 95. 

54 9° 

The specific rotation of a 5.5 per cent, solution in alcohol is (a) n = 

-85.4°. 

/CO 

Ammoisocampholactone , CgH 13 (NH 2 )<f | . — One gram of nitroisocampho- 

X 0 

lactone was suspended in 4 cc. of concentrated hydrochloric acid, the 
mixture cooled with ice water and granulated tin, and, later, 2 or 3 cc. of 
hydrochloric acid added till all of the nitro compound passed into solution. 
Sodium hydroxide was then added in slight excess and the amino com- 
pound was extracted with ether. A large excess of sodium hydroxide 
seems to cause the decomposition of the product. The yield was about 
0.35 gram. The aminolactone crystallizes in small, indefmit crystals, 
which melt at 84°. 

Calculated for C 9 H 15 0 2 N : C, 63 90; H, 8 87; N, 8.28 
Found: C, 63 22; 63 10; H, 9 54; N, 8 10. 


A solution of the aminolactone in absolute ether gave a precipitate of 
the chloride with dry hydrochloric acid. The aqueous solution of the 
chloride gave a yellow crystallin precipitate on standing for some time 
with chloroplatinic acid. 

When the solution containing the amino compound was treated with a 
large excess of sodium hydroxide the amino compound was, apparently, 
decomposed and a relatively small amount of a compound melting at 152 0 
was obtained. Owing to the small amount, this was not examined 
further. 


Hydroxyl am hwisocampholactonc , C 8 H, 3 (NHOH)^ | . — One gram 


the nitroisocampholactone was dissolved in 8 cc. of glacial ac tic acid and 
zinc dust added in small quantities, great care being taken to keep the 
solution cold. Zinc dust was added till the further addition caused no 
appreciable rise in temperature. The solution was then filtered from the 
excess of zinc dust and zinc acetate and the precipitate washed with a very 
little water. The solution was then made alkaline with .sodium hydroxide, 
the temperature being kept low by cooling with ice. Care must be taken 
to avoid the use of too large an excess of sodium hydroxide. The best 
results were obtained by adding about 5 per cent, more than was re- 
quired to neutralize the acid solution. The alkaline, turbid solution was 
then extracted with ether and the ethereal solution dried with sodium 
sulphate. The residue left on evaporating the ether was recrystallized 
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from dry ether. It crystallizes in small, star shaped crystals, which melt 
at 144°. 

Calculated for Cj,H 15 N 0 3 : N, 7.56. Found: N, 7.62. 

Hydroxylaminoisocampholactone is slightly basic. It reduces Fehling’s 
solution readily. 

Decomposition of Nitroisocampholactone by Aymnonium Hydroxide and 
by Sodium Hydroxide. — When nitroisocampholactone is treated with 
ammonium hydroxide or sodium hydroxide it is decomposed with the 
formation of compounds containing six atoms of carbon in the molecule. 
Carbon dioxide is also found but we have been unable to discover what 
becomes of the other two carbon atoms or to interpret the action which 
takes place. 

Forynation of the Amide, C 5 H 8 N 0 2 C 0 NH r — This amide is formed when 
nitroisocampholactone is warmed with alcoholic ammonia or when it is 
allowed to stand, with frequent shaking, with cold concentrated aqueous 
ammonium hydroxide. The product was obtained by evaporation at 

ordinary temperatures in a strong current of air. The residue was re- 

crystallized from benzene with the addition of a little petroleum ether. 
It melts at 96-97°. 

Calculated for C\H, ( , 0 3 N 2 ' 0,45 57, If, 6 3 ; N, 17.71. 

Found: C, 45 7, 45 6; H, 7 o, 7 06; N, 17. f), 17.6 

45 .8, ; N, 7 . 14 ; N, 16 6. 

Saponification of the Amide. — One- tenth of a gram of the amide was 
heated for 12 hours with 10 cc. of 0.5 N sodium hydrbxide. % The solution 
was then acidified and extracted with ether and the residue from the 
ethereal solution converted into the barium salt by warming with barium 
carbonate and water. Two samples of the salt prepared in this way lost 
on drying, 9.62 and 9.83 per cent, water. Calculated for (C„H 8 N 0 4 ) 2 Ba 
2 1 / 2 H 2 0 , 9.03 per cent. The anhydrous salt gave 30.34 and 30.40 per 
cent. Ba. Calculated 30.30 per cent. The acid recovered from the 
barium salt melted at 73° and was identical with the acid formed by the 
decomposition of nitroisocampholactone with sodium or barium hy- 
droxide. 

Acid, C 6 H 8 0 2 N.C 0 2 H. — One gram of nitroisocampholactone was put 
in a test tube with 30 cc. of 0.5 N sodium hydroxide and allowed to stand 
with occasional shaking till all had dissolved. The solution was acidified 
with hydrochloric acid and extracted with, ether. The ethereal solution 
was dried with sodium sulphate and the ether distilled. From the residue 
the barium salt of the acid was prepared by treatment with water and 
barium carbonate. After filtering from the excess of carbonate the 
solution was concentrated in a vacuum desiccator. The barium salt 
crystallizes well in needles which are moderately soluble in water. From 
the pure barium salt the add was recovered by acidifying its solution with 
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hydrochloric acid and extracting with ether. The acid is easily soluble 
in ether and in benzene, almost insoluble in ligroin. It melts at 73-74°. 
The acid appears to decompose and become semisolid on standing. Per- 
haps for this reason the analyses, especially the nitrogen determinations 
are not very satisfactory, but when these are taken with the titration 
values and the composition of the barium salt the formula assigned to the 
acid seems to be established. 

Calculated for C„H„ 0 4 N C, 45 2 , H, 5 66 ; N, 8 80. 

Found : C, 45 6, 45 8, 45 8, H, 5 9, 6 35, 6 4; N, 7 8, 7 5 

Titration with 01 N sodium hydroxide gave a molecular weight of 162.9 and 
163.0; with barium hydroxide 166. Theory 159 

The Barium Salt, (QI^NO^Ba. ; l J 2 H 2 0 was analyzed completely 
because of the apparent instability of the acid. For the carbon deter- 
minations it was mixed with potassium dichi ornate to expel the carbon 
dioxide from the barium carbonate. 

Calculated for (C 8 H fl N0 4 ) 2 Ba.2 1/2 U 2 (J: C, 28 9 ; H, 4 2 

Found: C, 29 2, 29 o; H, 4.8, 44 7. 

The anhydrous salt gave 6 38 per cent. N. calculated 6 14 

The salt lost 9 73 per cent water at 80 °. Calculated for 2 1/2 H 2 0 , 9 04 per cent. 
The anhydrous salt gave 30 34 and 30 27 per cent Ba; calculated 30 30 

From lack of time and the difficulty of preparing the material we have 
been unable to undertake experiments which might throw light on the 
structure of the acid. 

U KHAN A, III. 


(Contribution from the Chemical Laboratory of the University of Illinois.] 

MOLECULAR REARRANGEMENTS IN THE CAMPHOR SERIES. VII. 
DERIVATIVES OF ISOCAMPHORIC ACID; /-DIHYDRO- 
HYDROXYCAMPHOLYTIC ACID. 

By William A Noyes and Luther Knkjht. 

Received October 13, 191(W 

It is generally assumed that ti-camphoric acid and /-isocamphoric acid, 
which, as Aschan has shown, are each convertible into the other, are 
stereomers and differ only in that one is a cis and the other a irans form. 
This may be expressed by the following formulas : 


CH 


C 0 2 H 


ch 2 


3 \/ 

-c 


CH, 


CH, CO,H 

\/ 

— C 


CH— C— CH, 
CH. C— CO,H 


/ 

H 

d-Camphoric add. 


CH,- 


CH,— C— CH, 

I 

-C— H 


/ 

CO,H 

Msocatnphoric add. 
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Since methyl groups are known to shift from one carbon atom to another 
at much lower temperatures and under the influence of much less vigorous 
agents than those used to convert camphoric to isocamphoric acid the 
evidence for the structure of the latter does not appear to be altogether 
conclusive and it seemed to be of interest to obtain further evidence on 
this point. The study of the subject is far from complete but we have 
already obtained interesting and unexpected results. 

Preparation of Isocamphoric Acid. — The method of preparing /-iso- 
camphoric acid by heating (/-camphoric acid with a mixture of hydro- 
chloric and acetic acids 1 has been modified by largely increasing the pro- 
portion of camphoric acid used and also decreasing the amount of hydro- 
chloric acid. The tubes are charg^l with 50 grams of (/-camphoric acid, 
25 cc. of glacial acetic acid and 2 cc. of concentrated hydrochloric acid 
(1.19). Aftei sealing, the tubes are heated for ten hours at 170-180°. 
On account of the larger amount of acetic acid used the contents of the 
tubes are liquid after cooling. The acetic and hydrochloric acids are 
completely expelled by evaporation on the water bath and the residue after 
powdering finely is allowed to stand for an hour or longer with onc-fourth 
of its weight of acetyl chloride (instead of the very large excess used by 
Aschan). The mixture is then treated with water and^, acid sodium 
carbonate, which ^dissolves the isocamphoric acid leaving the (/-camphoric 
anhydride dissolved. From the filtrate the /-isocamphoric acid is pre- 
cipitated by hydrochloric acid. In this manner 100 grams of the </- 
camphoric acid gave 37 grams of an acid containing 95.5 per cent, of iso- 
camphoric acid as shown by the rotation. The camphoric anhydride 
which is recovered may be used for treatment with acetic and hydro- 
chloric acids again, after crystallizing it from alcohol, and in this manner 
the conversion to isocamphoric acid may finally be made almost quan- 
titative. The isocamphoric acid is easily purified by crystallization, best 
by dissolving it in a small amount of strong alcohol, adding 3 or 4 volumes 
of hot water, and allowing the solution to cool while exposed to the air, 
allowing a part of the alcohol to evaporate. The purified acid gave in a 
10 per cent, alcoholic solution a rotation of (a) D — — 47. i°, Aschan gives 
—47.1°. 

a-Monomethyl Ester of l~ Isocamphoric Acid . 2 — As with (/-camphoric 
acid and its derivatives the secondary carboxyl of /-isocamphoric acid is 
much more easily esterified than the tertiary. 8 It is, accordingly easy to 
Jfelect conditions which will give chiefly the a-acid ester. 

1 Aschan, Bcr , 27, 2005. 

2 Assuming that isocamphoric acid is stereomeric with camphoric acid, the sec- 
ondary carboxyl is called a and the tertiary carboxyl p. See Noyes, Ant. Chem. 
x6, 500; 18, 686. 

8 Noyes, Am. Chem. J., 18, 686. 
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One hundred grams of isocamphoric acid, 400 cc. of methyl alcohol and 
40 cc. of concentrated sulphuric acid were boiled for 20 minutes with a 
return condenser. The methyl alcohol was then distilled away under 
diminished pressure and the mixed esters which were precipitated with 
water were shaken with a strong solution of sodium carbonate which 
dissolved the acid ester. The neutral ester, which is always formed 
and which may become the principal product if the boiling is loo long 
continued, was taken up with ether and distilled under diminished pressure. 
The acid ester was precipitated on adding hydrochloric acid to the sodium 
carbonate solution. The yield of acid ester may reach 95 per cent, of 
the theory. 

The Dimethyl Ester of Isocamphoric Acid, C 2 H 14 (C0 2 CH3) 2 , boils at 146° 
under 27 mm. pressure and has a specific gravity of 1.073 2 °° an( ^ 

1.069 at 25 °. Its specific rotation, x = — 65.2°. In 10 per cent, 
alcoholic solution (a) 1} = — 63.6°. 

The a-Monomethyl Isocam photic Ester prepared as described above was 
crystallized from petroleum ether. It crystallizes in needles which melt 
at 88°. In ro per cent, alcoholic solution («) D =■ — 57.9° 

o j 340 g required for neutralization 10 85 cc. and o 4640 g required 21.66 cc. 
o 1 N KOfT, calculated, 10 9 2 and 21 69 cc. 

/C 0 2 ClI 3 a 

Amide of the a-MonomethvI Ester of Isocamphoric Acid , C 8 H 14 < 

X CONH 2 /? 

— The acid methyl ester last described was mixed in a distilling bulb with 
an equal weight of phosphorus pentachloride, the mixture being cooled 
when more than a few grams are used. When the reaction is complete 
the phosphorus oxychloride is distilled away as rapidly and under as low 
a pressure as possible. The acid chloride is then poured carefully into a 
slight excess of ammonia (0.90), the latter being thoroughly cooled with 
ice or a freezing mixture. The amide obtained was crystallized from 
dilute alcohol. It crystallizes in plates on spontaneous evaporation of the 
alcohol. It melts at 157 0 . In 10 per cent, alcoholic solution (a) D = 
—60.05°. 

The analysis gave 6.68 per cent N; calculated, 6 57 per cent. 

,C 0 2 H 

p-Isocam phoramidic Acid, C 8 H M <^ .—The amide of the mono- 

CONHj 

methyl ester of isocamphoric acid was dissolved in alcohol, 10 per cent, 
in excess of one molecule of sodium hydroxide in a 30 per cent, solution 
was added and the mixture was heated for an hour or two on the water 
bath. Under these conditions the methyl ester is completely saponified 
while the amide group is scarcely affected. After removal of the alcohol 
by evaporation the /?-isocamphoramidic acid was precipitated by hydro- 
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chloric acid and crystallized from dilute alcohol. It crystallizes in needles 
which melt at 165-166°. 

The analyses gave 7.07 and 7.11 per cent. N; calculated 7.03 per cent, o 0485 
g took 2.3 cc. 0.1 N NaOH; calculated, 2 35 cc. 

xo 2 h 

Isodihydroaminocampholvtic Acid , C 8 H h <^ , was prepared from the 

X NH 2 

isocamphoramidic by treating a solution of its sodium salt with a solution 
of sodium hypobromite. 1 The latter solution was prepared by aspirating 
the vapor of the measured or weighed amount of bromine through a 10 
per cent, solution of sodium hydroxide. 3 

The Hydrochloride , C 8 H 14 C 0 2 HNH a .HCl, was obtained by evaporating 
the acid solution to dryness and extracting the residue with strong alcohol. 
It is very easily soluble and crystallizes from concentrated solutions in 
needles. These do not melt at 250°. 

0.0957 g- required 4.4 cc. o. 1 N AgNO a ; calculated, 4.5 cc. 

The Lead Salt , (C 8 H 14 NH 2 C 0 2 ) 2 Pb was prepared by precipitation from 
an acetic acid solution and purified by washing with hot water in which 
it is almost insoluble. 

The analysis gave 38.8 and 37.4 per cent. Pb; calculated, 37.8 per cent 

The Free I sodihydroaminocampholytic Acid (not very pure) melts at 
225-227°. When heated to" 250 or 300° it gives an anhydride and the 
latter gives a nitroso compound which melted at 194 0 when freshly pre- 
pared but at 1 74-1 75 0 after standing overnight. These will be studied 
further. 

When a solution of the hydrochloride of isodihydroaminocampholytic 
acid is treated with the calculated amount of a 20 per cent, solution of 
sodium nitrite introduced with a pipet beneath the former so that the 
two solutions mix by diffusion there are formed, apparently, a hydro- 
carbon, a lactone, d-campholytic acid and /-dihydrohydroxycampholytic 
acid. Only the last has been obtained in a fairly pure condition and fully 
identified. 

The products at first obtained were taken up with ether and after re- 
moval of the latter the hydrocarbon, lactone and campholytic acid were 
distilled with steam. The lactone and campholytic acid were separated 
by means of sodium carbonate. The rotation of the campholytic acid 
finally obtained was +46° and it gives by titration results agreeing 
closely with the theory, but, in consideration of the small amount thus far 
obtained and of the fact that the rotation is not, as it should be, the same, 
though of sign opposit to that of /-campholytic acid 3 there is still some v 
slight doubt as to the nature of the compound. 

1 Noyes, Am. Chem. J., 16, 503. 

8 Dehn, This Journal, 31, 526, footnote. 

* Noyes and Phillips found — 59.6° at 18 0 . Am. Chem. 24, 291. 
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/CO.H 

The l-Dihydrohfdroxycampholytic Acid, C s H 14 <f , which remained 

x OH 

behind after distillation of the other products with water vapor crystallized 
from water in granular crystals which melted at 132° When these crystals 
were mixed with d-dihydrohydroxycampholytic acid, which melts at the 
same temperature, the melting point rose to about 170°, approaching that 
of the racemic acid. 1 The rotation in an aqueous solution containing 1 .45 
per cent, of the acid was («)„ = — 70.04°. Noyes and Phillips 2 give 
+ 7i.£ for the dextro acid. 

o 1389 g. required 8 o ec of o r N NaOH, calculated, 8.07 ec 

These results establish the identity of the acid as the lcvo form of 
dihydrohydroxycampholytic acid. The formation of this acid was 
wholly unexpected. If we represent the configuration of that part of the 
camphoric acid molecule containing the two asymmetric carbon atoms 
in the usual manner the results obtained establish the following relations 
as most probable : 

d-Cainphoric acid 

CH S — C— CO a lI 
CII, 

H — C — CCXjH 

I 

(i-Catupholy tie acid. 

II 

CII3-C 
CH,- C — CI1 3 

I 

CO,H — C — H 

I 

The formation of d-campholytic is entirely in accord with the theory, 
since in this acid one of the asymmetric carbon atoms of the isocam- 
phoric acid has lost its asymmetry through the formation of the double 
union. The formation of /-dihydrohydroxycampholytic acid is not so 
easily explained. From its method of formation we should expect for 
this the configuration of an isodihydrohydroxycampholytic acid which is 
not the optical antipode of d-dihydrohydroxycampholytie acid, but which 
has the methyl and hydroxyl groups reversed. This recalls the fact that 
/-campholytic acid adds hydrobromic acid to form rf-bromodihydrocam- 

1 Noyes and Blanchard, Am. Chem. 26, 287. 

2 Am. Chem. 24, 290. 


Isodihydroaminocarnpholytic 


Msocamphoric acid. 

I 

CH S — C- -CO„H 

! 

CH,— C — CH, 

' I 

CO.II— C— H 

I 

I 

Isodihydrohydroxycam- 
pholytic acid 

CIi 3 — C — OH 

1 

ch 3 — C— CII, 

I 

CO 3 II — C — H 


acid. 

I 

CH,— C— NH, 

l 

CII,— C-CH, 
C0 2 H — C — H 

l Dihvdrohydroxycam- 

pholytic acid. 

HO--C— CH, 
CH.— C— CH. 

I 

CO,H — C — H 
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pholytic acid, 1 taking up the hydrobromic acid asymmetrically. The 
d-campholytic acid would, of course, give Z-dihydroh^roxycampholytic 
acid in a similar manner. It is probable from this that the left form of 
the hydroxy acid is more stable than the expected isodihydrohydroxy- 
campholytic acid and that a portion of the latter is transformed to the 
former by the action of the nitrous acid -or it may be that d-campholytic 
acid is formed as an intermediate product and that this adds water to 
form the /-dihydrohydroxycampholytic acid. 

The study of these compounds will be continued. 

Urbana. I IX. 


[Contribution from the Laboratory of Soil Fertility Investigations ] 

SOME ACID CONSTITUENTS OF SOIL HUMUS. 2 

By Oswald Schreiner and Edmund C. Shorby. 

Received September 27, 1910 

The complex character of the humus or organic matter of the soil need 
hardly be emphasized here, nor need the complexity of the so-called humic 
acid be again mentioned other than to remark that so many organic com- 
pounds, neutral, basic and acid, have been isolated therefrom in these 
researches that its claim to chemical unity is absolutely refuted and its 
non-existence proved. The present paper is a further contfibution to the 
definit knowledge of the chemical nature of this organic soil complex 
and gives a description of several acids isolated therefrom. The isolation 
of other acid substances from soils, picolinecarboxylic acid, dihydroxy - 
stearic acid and agroceric acid, are reported in earlier papers/* 

a-Monohydroxy stearic Acid , C 18 H S6 0 3 . — When the humus extract of a soil 
obtained by extraction with dilute alkali is acidified, a brown, flocculent 
precipitate of the so-called humus substances is formed. If this precipitate 
is separated by filtration, washed and treated while still moist with boil- 
ing 95 per cent, alcohol, a portion of the precipitate goes into solution. 
The‘ amount of the humus precipitate so dissolved varies with the character 
of the soil treated, but the alcoholic solution obtained in this way is al- 
ways dark-colored. On careful evaporation of this alcoholic solution, 
adding water to keep the volume constant until the alcohol is removed, 
there is formed a brown or reddish brown precipitate which can be sep- 
arated by filtration. When so separated, washed and dried, it is in the 
form of resinous lumps or powder, varying in color, melting point and 
composition, with the soil from which it was obtained. 

On extracting this resinous material with petroleum ether there is ob- 
tained an extract generally colorless or light-colored, which on evapora- 

1 Noyes and Phillips, Am. Chem. J., 24, 24, 291. 

8 Published by permission of the .Secretary of Agriculture. 

8 This Journal, 30, 1295, 1599 (1908); Bureau of Soils, U. S. Dept. Agr. Bull. 
53 , (1909)- 
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tion of the petroleum ether leaves a residue which may vary from an 
oily, semi-solid mass to a waxy solid. This residue is generally wholly 
soluble in hot alcohol. From this alcoholic solution there sometimes 
separates on cooling a white or yellowish microcrystallin mass or powder 
which in the case of one soil has been identified as a-hydroxystearic acid. 

The soil from which this compound was obtained was a sample of 
Elkton silt loam, a type covering a considerable area in Maryland. This 
soil is almost white in color, high in clay and silt and contains 0,53 per 
cent, organic carbon and 0.066 per cent, nitrogen. The sample examined 
was one of several hundred pounds obtained from the eastern shore of 
Maryland. 

This soil when treated with 2 per cent, sodium hydroxide solution yields 
an extract much darker than might be expected from a soil so light in 
color. From this brown alkaline extract there is precipitated on acidify- 
ing with sulphuric acid a brown, flocculent mass. On separation of this 
by filtration, washing and treating with boiling 95 per cent, alcohol, 
there is obtained an alcoholic solution nearly as dark in color as the 
original alkaline extract. The precipitate formed by e\aporation of the 
alcohol and addition of water was, after filtration, washing and drying, 
a brown mass easily pulverized. 

Extraction of this brown powder with petroleum ether and evaporation 
of the solvent left an oily, semi- solid, light-yellow mass, which was com- 
pletely soluble in hot 95 per cent, alcohol. On cooling, this alcoholic 
solution there separates a yellow, microcrystallin powder, which after 
separation by filtration, washing with cold alcohol, dissolving again in hot 
alcohol, and repeating the separation several times, can be obtained free 
of color and of constant melting point. 

The substance so obtained melts at 84-85°, is soluble with difficulty 
in cold alcohol, readily in hot alcohol, cold ether or petroleum ether. 
It crystallizes usually in small irregular leaflets, but can be crystallized 
from alcohol by very slow r cooling, in six-sided plates. It forms salts 
with alkalies soluble in water and can be obtained from such solution 
unchanged by acidifying and extracting with ether. 

The analysis of this compound gave the following : 

Calculated for C l8 H hl O»: C, 71 00; H, 12 00 
Found: C, 72 09; H, 12 17 

This composition corresponds with that of the monohydroxystearic 
acids, two of which are known, designated a and / 5 , respectively, and 
having the formula C 18 H 30 O 3 . The properties of the acid isolated from 
the soil fix it as the a acid. The a acid is much less soluble in alcohol 
than the /? acid and the /? acid, moreover, forms an anhydride on heating 
with strong hydrochloric acid, which is not the case with the a acid 
nor the acid from the soil. The melting points of the a and acids are 
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so nearly the same that this property cannot be used to distinguish be- 
tween them. The melting point of the pure a acid artificially prepared 
remained unchanged on mixing with the acid from the soil. This fact, 
together with the composition found and sparing solubility in alcohol 
and failure to form an anhydride, is sufficient to establish the identity of 
the acid from the soil as a-monohydroxystcaric acid. 

a-Hydrpxy stearic acid is easily made in the manner described by 
Sadomsky . 1 When stearic acid is treated with red phosphorus and 
bromine, a-bromostearic acid is formed. On heating this with alcoholic 
potash the potassium salt of a-hydroxystearic acid is formed and on 
acidifying the aqueous solution of this salt the acid is set free and can be 
extracted with ether. 

a-Hvdroxvstearic acid is not known to occur in any natural animal 
or vegetable product and up to the present has been isolated from only 
one soil. 

Two hydroxy acids of the fatty series have been isolated from soils, but 
neither are known as natural products. These are a-hydroxystearic acid 
and the dihvdroxy stearic acid previously described . 2 Both must be 
looked on at present as the products of the action of microorganisms, 
probably fungi, on some of the organic matter known to be of plant or 
animal origin. / 

W 7 hile at present little is known of the processes by which tfiese com- 
pounds are formed in the soil and little can be said that is not of a specula- 
tive nature, it may be of interest at this point to note the laboratory 
methods by which hydroxy acids are formed. Three general methods 
are known by which the hydroxy acids are formed from the corresponding 
acid. These are: Making a halogen substitution product and treating 
this with silver oxide and water ; making an amino derivative and treating 
this with nitrous acid; and making a sulphonic acid derivative and treat- 
ing it with caustic potash. 

In attempting to find a parallel between these reactions and the pro- 
cesses likely to take place in the soil, the second method seems to be the 
only one that offers any foundation for a theory. It is known that amino 
compounds result from the decomposition of more complex nitrogenous 
compounds and may possibly be formed or built up by the action of 
ammonia, which is commonly formed in soils. Nitrous acid, as the result 
of denitrification or as the first stage in the change of ammonia into 
nitrates, is formed in nearly all soils and would supply the reagent re- 
quired in the second stage of the reaction. 

In addition to these purely chemical methods of formation, there are to 

1 Bn., 24, 2388 (1891). 

2 Bureau of Soils, U. S. Dept. Agr., Bull, 53, (1909). This Journal, 30, 1599 
(1908). 
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be considered the biological formations by fungi or bacteria, but this would 
lead somewhat afield from the purposes of the present article. 

While a-hydroxystearic acid is not known as a natural product, it must 
be remembered that natural fats and oils are usually complex mixtures of 
glycerides and that the chemistry of such glycerides as occur in these 
products in small amounts is very incomplete. More complete chemical 
knowledge of the natural fats and oils may show the presence of a-mono- 
hydroxystearic acid. The method of its laboratory preparation does not 
suggest any possible parallelism in the soil as was the case when the origin 
of dihydroxystearic acid was under discussion. 

In the earlier literature of the hydroxy stearic acids there is some con- 
fusion of nomenclature, as well as disagreement regarding their con- 
stitution. The ft acid described by Saytzeff 1 was designated as the a acid 
by Geitel. 2 The designations a and ft acid seem to have been primarily 
used to distinguish isomers, the constitutions of which were not known. 
The constitution, as now accepted and established by Shukov and 
Shestakov 3 is not in harmony with the common meaning of a and ft 
designations. In the simple hydroxy fatty acids the term a is applied 
to that acid having the hydroxyl group next the carboxyl group; for 
example, a hvdroxypropionic acid (lactic) is represented thus: 
CHg.CllOII.COOH ; the term ft is applied to that acid having the hydroxyl 
on the second carbon atom; for example, ft- hvdroxypropionic acid (hy- 
draervlic) is represented thus: CH 2 OH.CH 2 COOIl. The constitution of 
the a and / 3 -hydroxystearic acids is represented as follows: a acid, 
CH 3 (CH 2 ) tt CH.OH(CII 2 ) 0 COOH ; ft acid, CI 1 3 (CH 2 ) 7 CH. 0 H(C 11 2 ) 8 C 00 H. 
In neither case is there a or ft structure. The authors in discussing these 
formulas used the designations : 1 . 1 1 for the a acid, and 1 . 10 for the ft acid, 
1 being the carbon atom of the carboxyl group and 10 and 11 the carbon 
atoms counting from 1 to which the hydroxyl group was attached. Since, 
however, these acids are still generally described and referred to in the 
literature as a and ft, these terms have been used in this paper with this 
explanation. 

Paraffinic Acid , C 24 II 48 O r — The cold alcoholic solution from which 
a-hydroxystearic acid has separated in the manner just described is 
yellow in color and evaporation of the alcohol leaves a semi-solid, oily 
mass. On standing some time crystals form in this mass, but the nature 
of the material was such that they could not be separated without great 
loss and so this was not attempted. The oily mass was dissolved again in 
alcohol and an alcoholic solution of lead acetate added. This gave a 
yellow precipitate which was separated by filtration, washed with alcohol, 

1 /. prakl. Chem (2), 35, 369 (1887). 

3 'ibid, (a), 3 ?, 53 (>888). 

5 Ibid. (2), 67, 414 (1903). 
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suspended in alcohol and treated with hydrogen sulphide. After separation 
from the lead sulphide the alcoholic solution was allowed to evaporate 
slowly, leaving a somewhat waxy mass of leaflets. This mass was purified by 
dissolving again in alcohol and* repeating the operation of precipitation 
with lead acetate and finally drying on a porous plate. The body so 
obtained was light yellow in color and melted at 45-48°. Analysis gave 
the following figures: 

Calculated for C a4 H 4B 0 3 : C, 78.20; H, 13.00. 

Found: C, 78.40; H, 13.29. 

This composition, the melting point and physical properties correspond 
with paraffinic acid, C 24 H 48 0 2 , described by Pouchet 1 as obtained by the 
action of fuming nitric acid on paraffin. 

The research of Pouchet on which alone the existence of paraffinic acid 
rests is, as published, inconclusive as to its being a definit chemical 
compound. The quantity of this substance obtained from the soil was 
insufficient for any extended research and so far the character of the 
compound obtained from paraffin has not been studied except that the 
following facts were established. Paraffin was treated with fuming nitric 
acid in the manner described by Pouchet and a compound obtained having 
the properties and composition stated by him. Klemehtary analysis of 
this substance gave the following figures: / 

Calculated for C 24 H 48 O a : C, 78 2; H, 13 o. 

Found C, 78 1; H, 13 3. 

The properties and composition of this compound corresponded with 
those of the substance obtained from the soil and there is little doubt 
that whatever may be the nature of the two substances, they are identical. 
With this understanding, the name paraffinic acid is applied to the soil 
compound. This body has so far been obtained from but one soil, the 

Elkton silt loam already described. A number of soils have been ex- 

amined that gave at the point where paraffinic acid was obtained in the 
case of the Elkton silt loam a precipitate with alcoholic lead acetate, but 
the quantity of material has been either too small for identification or has 
had other properties and composition. 

Very little can be said regarding the possible origin of paraffinic add 
in the soil. - Several solid hydrocarbons of the paraffin series have been 
shown to occur in plants and may therefore be a part of the organic mat- 
ter added to the soil. Oxidation of these in the soil might give rise to 
the substance found. 

It may be noted in this connection that it is well established that 
paraffin can be oxidized in the laboratory, but usually by rather vigorous 
treatment. Gill and MenseP found that on treating paraffin with dilute 

1 Butt. soc. 23, 111 (1875). 

2 Zei\ Chem., 1869, 65. 



SOME ACID CONSTITUENTS OF SOIL HUMUS. „ 


1679 


nitric acid or chromic acid it was oxidized to cerotic acid, C 27 H w 0 2 , acetic 
acid and succinic acid. Pouchet in the research referred to found succinic 
acid in addition to paraffinic acid, but no cerotic acid. 

Lignoceric Acid , C 24 H 48 0 2 . — When a soil high in organic matter is care- 
fully heated in a closed tube, there is obtained a dark-colored, tarry 
distillate, which in some cases sets on cooling to a semi-solid, crystallite 
mass. 

A peat soil containing 27 per cent, of organic carbon treated in this 
way gave a distillate of this character in considerable quantity. The 
semi-solid mass on washing with cold alcohol was freed from much of its 
color with little loss of solid matter. The material so washed was com- 
pletely soluble in hot alcohol from which it separated on cooling in 
microcrystallin form. On repeating this solution and separation several 
times the material was obtained nearly free of color. Treatment at 
this stage with cold petroleum ether removed the remaining color and a 
small quantity of oily matter. The body after this purification melted 
at 80-81 °, was soluble in ether and hot alcohol, little soluble in cold 
alcohol and insoluble in water. Its elementary composition was found 
to correspond to the formula, C 24 H 48 0 2 . 

Calculated for C 24 H 48 C) 2 C, 78 2; H, 13 o 
Found C, 78 r; H, 13 2 

The compound dissolved in aqueous alkalies and was set free from 
such solution unchanged on addition of a mineral acid. The properties, 
melting point and composition indicate the identity of this compound as 
lignoceric acid first described and obtained by Hell and Hermanns 1 from 
the solid residue or “paraffin” of beechwood tar. It is also found 2 as a 
glyceride in peanut oil. 1 

It is generally assumed that the lignoceric acid found in wood tar is the 
result of decomposition effected by the method of treatment and that it 
does not occur as such in the wood. In the case of the soil, however, 
certain observations indicated that this might not be the case. It was ob- 
served that if the soil was heated to a high temperature or the heating 
done rapidly the yield of solid matter in the distillate was very small. 
When the heating was done carefully and the temperature raised only 
to the point where a distillate could be obtained, the solid product seemed 
to be the result of distillation directly from the soil and when the opera- 
tion was carried on in a glass tube such distillation could actually be 
observed, the melted distillate collecting on the upper, cooler side of the 
tube and being driven forward as heat was applied, just as water would be. 
It was also found that the purified lignoceric acid obtained from the soil 

1 l>er. t 13, 1713 (1880). 

8 Kreiling, Her., 21, 880 (1888). 



i68o 


ORGANIC AND BIOLOGICAL. 


in the manner described could by careful heating be distilled with little 
or no decomposition. 

With the object of extracting the lignoceric acid from the soil if it 
existed as such, the soil was treated with boiling 95 per cent, alcohol, the 
extract filtered hot and allowed to cool. On cooling, a voluminous 
precipitate separated from the dark-colored extract. This was separated 
by filtration and purified by dissolving several times in hot alcohol from 
which it separated on cooling and finally by washing with cold petroleum 
ether. The compound so obtained corresponded in all properties with 
that obtained by distillation. It melted at 80-8 1° and elementary 
analysis gave the following figures: 

Calculated for C^H^O*: C, 78.2; H, 13 o. 

Found: C, 78.2; H, 13.8. 

The identity of the two compounds obtained from the soil by distilla- 
tion and by extraction with hot alcohol is thus established. It follows 
that lignoceric acid exists in the soil as such. 

Regarding the source of the lignoceric acid in the soil there are two 
possibilities suggested by our knowledge of the compound. It is, as has 
been already stated, present in peanut oil as a glyceride and may be a 
component of other vegetable oils and be somewhat widely distributed 
in plants in small amounts, in which case it might occur in1:he,soil as a 
residue of the decomposition of such glycerides. 

Lignoceric acid is obtained by the distillation of wood, presumably 
through the decomposition of woody tissue. It is possible'that similar 
decomposition through the agency of microorganisms may take place in 
the soil. 

Bureau of Soils, WASHiNGTnr, u . v_. 
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[CO: cor JTION FROM THE LABORATORY OF SOIL FERTILITY INVESTIGATIONS.] 

PENTOSANS IN SOILS . 1 

By Edmund C Shorey and Elbert C. Lathrof. 

Received September 28, 1910. 

Carbohydrates, represented by sugars, starch and compound celluloses, 
make up by far the greater portion of the organic substance of plants 
and so form. the greater portion out of which soil organic matter is made. 
The extreme susceptibility of these substances to fermentation or decom- 
position by microorganisms renders them, probably, the most unstable 
organic material added to soils. Sugars and starch are used by a great 
variety of bacteria and fungi as food and no doubt disappear as such long 
before the cell tissues break up and become part of the soil. The cell wall 
and fibrovascular tissues are made up for the most part of a complex 
compound containing a carbohydrate or cellulose radical. These resist 
1 Published by permission of the Secretary, pf Agriculture. 
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the action of microorganisms longer and in the breaking up of the tissues 
due to the decay of the least resistant portions, this complex probably 
gets into the soil to some extent unchanged. 

The products of decomposition of such carbohydrates as starch and 
sugars, are fairly well known and are for the most part simple com- 
pounds, such as alcohol, acetic acid and carbon dioxide. The more 
resistant complexes, the so-called compound celluloses, contain other 
groups in addition to the carbohydrate radical and can give rise in decay 
to a great variety of products some of them still quite complex, but 
resistant, to further action of bacteria or fungi. Because of this com- 
plexity of the material itself and of its decomposition products, the char- 
acter of the changes which take place in the decay of this material, either 
in or out of the soil, is very imperfectly known. 

The isolation of carbohydrates from soil is at present confined to a 
single compound, a pentosan or a substance yielding a pentose sugar. 

Nearly all soils when boiled with hydrochloric acid of moderate strength 
give furfural. The evolution of furfural when an organic mixture is 
heated with hydrochloric acid is usually regarded as evidence of the 
presence of pentosans. Pentosans are substances of a gummy nature and 
unknown constitution for which the formula C 5 H 8 0 4 is usually given; they 
gives orr hydrolysis with acids pentose sugars, C 5 H 10 O 6 , which are defmit 
crystallin compounds of known constitution. These pentose sugars on 
further heating with acids give furfural, the amount of furfural being pro- 
portional to the amount of pentosan or pentose. Based on this fact a 
method has been devised for determining the pentosan by determining the 
amount of furfural obtained under certain conditions. This method is 
adopted as a provisional one by the Association of Official Agricultural 
Chemists. 1 

The method, when applied to soils, generally gives weighablc ' ntities 
of the phloroglucide, the form in which the furfural is determinecl. The 
figures given below show results obtained by this method applied to ten 
soils of widely different types and character of organic matter. Ten 
grams of soil were used, boiled with 12 per cent, hydrochloric acid and 
the distillation carried on in the usual manner until there was no further 
evolution of furfural, which was usually the case when the distillate 
amounted to 300 or 400 cc. The furfural was determined as phloro- 
glucide and the calculation made according to the formula in the pro- 
visional method cited. 

The figures given here illustrate well, perhaps better than any others 
available, the great variation of organic matter in soils. In these ten 
soils selected somewhat at random the pentosan carbon per 100 of total 

1 Bureau of Chemistry, U. S. Dept. Agr, Bull 107, p. 54. (Revised), 
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carbon varies from 1.30-28.53, while the third lowest result, 1.83, was 


obtained from a soil containing the largest quantity of organic matter. 

Per cent. Per cent Pentosan ear- 

total Percent, pentosan bon per too of 

Soil. 

carbon 

pentosan. 

carbon. 

total carbon. 

Elkton silt loam 

• • 0 522 

0.176 

0.079 

1513 

Sassafras .sill loam 

* • 0.3x5 

O.055 

0 025 

7*93 

Chester silt loam 

... 1 510 

O 182 

0.083 

5*49 

North Carolina peaty soil. . . 

27 102 

I 090 

0 495 

1.83 

Marshall loam. 

6.971 

750 

1 249 

17 93 

California peaty soil. .. . 

.. n.478 

O 341 

0 150 

1 30 

Norfolk fine sandy loam. . . 

. . 0 822 

0 027 

0 012 

1 .46 

Santa Paula, Cal , loam 

. . 1 308 

0 061 

0 028 

2.14 

Portsmouth loam. 

• • 3 854 

0 219 

0.099 

2 57 

Susquehanna clav loam 

1 .048 

0 659 

0 299 

28 53 


The Marshall loam containing the largest quantity of pentosan, 2.75 
per cent., was selected for further investigation. The soil was from 
North Dakota and the sample was taken from a field that had grown 
flax for a number of years. There had been no direct addition of straw 
or other pentosan-containing material other than that incidental to the 
growing and harvesting of the crop. An alkaline extract of this soil was 
made by treating it for several hours with 2 per cent, sodium hydrox- 
ide, the dark-colored extract was siphoned off and the humus compounds 
precipitated by acidifying with acetic acid, the filtrate made neutral 
and filtered from the precipitate formed. Lead acetate in excess was 
added to the neutral filtrate, resulting in the formation of a* heavy brown 
precipitate and the removal of nearly all the color from the solution. 
To the filtrate from this precipitate dilute ammonia was carefully added, 
when a light yellow, voluminous precipitate was formed. This, after 
washing, was suspended in water and treated with dilute suphuric acid, 
avoiding excess. The lead sulphate was removed by filtration and the 
filtrate concentrated to* a small volume. To this solution three volumes 
of 95 per cent, alcohol were added, when a gummy precipitate was formed 
which after washing with alcohol dried to a hard, translucent mass. 
This mass contained traces of lead which it retained very persistently. 
It was soluble in alkalies and formed an opalescent mucilage with water. 
On heating with 12 per cent, hydrochloric acid, furfural was given off 
freely and on heating with phloroglucinol and hydrochloric acid the char- 
acteristic purple color reaction for pentose sugars was obtained. On 
digesting for some time with sulphuric acid of moderate strength and 
neutralizing, a solution was obtained which reduced Fehling’s solution 
and gave an osazone melting at 160-161°. On treating with cadmium 
carbonate and bromine according to the method of Bertrand, 1 the char- 
acteristic crystals of the double salt cadmium xylonate and cadmium 
1 Bull. soc. chim. t [3] 5, 556 (1891). 
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bromide were obtained, showing the presence of xylose as one of the 
products of hydrolysis of the substance isolated from the soil. Tests 
made for the presence of other pentose sugars gave negative results. 

The quantitative method of determining pentosan depends as has been 
noted on the formation of a pentose from the pentosan and the formation 
of furfural from the sugar on further heating with acid. In the cell wall 
material which makes up such a large portion of the organic matter of 
plants no doubt there is a pentosan compound present, either as such, or as 
part of the complicated molecule of lignocellulose, for a crude pentosan can 
be prepared from such material. In the case of the Marshall loam such 
a crude pentosan was obtained and was probably present as such in the 
soil as a plant residue. In the case of soil organic matter in general, 
however, it cannot be assumed that the formation of a pentose sugar and 
from it furfural, necessarily indicates the presence of a pentosan as such. 
Pentose sugars are part of the complicated molecule of nucleoproteins 
and phosphatides and are split off from these on heating with acids. The 
nucleoproteins are characteristic of tissues in which nucleated cells are 
abundant and those of animal origin have been especially studied. The 
investigation of those of plant origin is not so thorough, but there is every 
evidence that the parts of plants rich in cells are also rich in nucleo- 
proteins and this compound and its decomposition products must con- 
tribute to the organic matter of the soil. 

With this in mind it is evident that a determination of pentosan in soil 
by the method in general use is simply the determination of the furfural 
that may arise from a pentosan, a pentose, or a pentose- yielding material 
other than a pentosan. 

In the light of our present knowledge of pentosans and pentose- yielding 
material, their presence in a soil must be regarded either as a plant residue, 
such as a portion of the lignocellulose, which has resisted decomposition, 
or as products of decomposition of complicated compounds such as 
nucleoproteins. 

Bureau of Soils. Washington , D C. 


[From the Laboratory of Physiological Chemistry ok the Department of Ani- 
mal Husbandry of the University of Illinois.] 

ON THE PRESERVATION OF FECES. 

By Paul E Howe, T. A Rutherford and P. B, Hawk 
Received September 27, 1910 

Fresh feces lose nitrogen when subjected to a drying process, even when 
such process is carried out under the most carefully controlled conditions. 
Of late years this fact has come to be generally recognized and conse- 
quently various schemes have been adopted in the attempt to determin 
the amount of this lost nitrogen in order that a correcting factor might 
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be applied. None of these forms of manipulation, so far as we are aware, 
has proved entirely satisfactory. As a result of a series of tests Zaitschek 1 
concluded that the loss of nitrogen in drying feces was greater for the 
feces of carnivora than for those of the herbivora. He further found 
that drying feces with added acid did not always wholly prevent a loss of 
nitrogen and that entirely accurate results could only be obtained by 
determining the nitrogen content in several samples of fresh feces. The 
extent of the nitrogen loss, according to this investigator, depends on the 
quantity of non-protein nitrogen present, as well as upon the moisture 
content of the feces. 

In our experiments the feces were collected in the ordinary friction-top 
paint pail which had previously been rinsed with a 10 per cent, alcoholic 
solution of thymol and subsequently dried. During the preservation 
period these pails were kept in a refrigerating room. The feces were 
analyzed for nitrogen and moisture. In some of the tests, the data from 
which are given below in tabular form, the stools were analyzed im- 
mediately after defecation and at short intervals thereafter. In other 
tests the stools were collected from a subject through a period of eight 
days and this carefully mixed eight-day sample was then subjected to 
analysis, the initial analysis being followed by others at long intervals. 
In some instances the tests cqyered a period of two hundred and forty- 
eight days after the dropping of the stool. 

In Table I we have data from two samples collected from two different 
individuals living on similar diets, the feces being collected through an 
eight-day period as just indicated. An examination of the data from 
stool No. 1 shows that there was practically no change in the nitrogen 
Value of the sample even after 158 days in the refrigerating room. From 
rbis time to the end of the experimental period of 248 days there was a 
slight lowering of the nitrogen content. In the case of the moisture 
content of this stool the data indicate that there was practically no change 
in the moisture value for a period of twenty-one days. On the one hund- 
red and fifty-eighth day the moisture had increased about 3 per cent. 
Unfortunately no analyses were made during the period intervening from 
the 21st to the 158th day. Stool No. 2 analyzed at the same intervals 
as stool No. 1 yielded similar data. 

Data from the analyses of three individual stools dropped by three 
men living on different diets are given in Table II. The initial analysis 
was in each instance made seven hours after the stool was passed, this 
first analysis being followed by other analyses at intervals of 2, 4 and 8 
days. In one instance (stool No. 4) the final analysis was made on the 
83rd day. Each stool yielded a very uniform series of values for both 

1 Arch ges. Physiol., 98 , 595 (1903). 
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nitrogen and moisture throughout the experimental period of eight days. 
At the 83rd day stool No. 4 was found to have gained moisture (5-6 per 
cent.) and to possess a lower nitrogen content. In Table III are given 
data from 3 other individual stools which were collected under similar 
conditions as those mentioned in Table II and dropped by the same 
individuals. The procedure in the case of the stools differed from that 
adopted in the case of the stools mentioned above in that the first analysis 
was made upon the fresh stool. The stools were passed, immediately 
mixed, sampled and portions weighed out for analysis. The analysis of 
the fresh feces was followed by the further examination of the stool at 
intervals of 2, 5 and 7 days. A11 examination of the table will show a 
most satisfactory uniformity in the values obtained from the different 
analyses. 

Data from composit stools are again given in the Table IV. This 
table includes data from 6 composit stools analyzed at intervals of 8, 
43 and 92 days. These samples were from 6 different men living upon a 
similar diet, the individuals being different from those previously men- 
tioned. At the end of the forty-third day the nitrogen and moisture 
values (with the exception of those of stool No. 10) were found to be 
rather uniform with those obtained at the initial analysis. 

Conclusions. 

I. The method of feces collection and preservation w r hich involves the 
use of friction- top pails is very satisfactory for the following reasons: 

1. It permits of the analysis of the fresh feces. 

2. It prevents loss of moisture. 

3. It maintains the nitrogen content practically unaltered for at least 
twenty days and frequently for a much longer period. 

4. It eliminates all loss of material since the feces are not transferred to 
any other receptacle before they are thoroughly mixed for analysis. 

II. It is preferable to make the analysis on the fresh feces, since this 
procedure does away with all drying processes and hence eliminates the 
loss of nitrogen which invariably accompanies such drying. 

Table I. -Composit Stools. 


Nitrogen (moisture-free), 

8 days. 16 days 

Stool No 1. 

K> days. 

21 days 

758 days. 

248 days. 

per cent 

2 . 3 Qf> 

2.374 

2 .403 

2 362 

2.340 

2 269 

Moisture, per cent 

Nitrogen (moisture-free), 

7O.4O 70 87 

Stool No. 2. 

70 11 

70 Go 

73 47 

74.03 

per cent 

1-954 

2 .036 

2 O49 

2 033 

1 .892 

I .823 

Moisture, per cent 

76 87 

76 19 

76 64 

76,64 

79 86 

80.58 
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Table II. — Individual Stools. 

7 hours. a days. 4 days. 8 days 83 days. 
Stool No. 3. ^ 

Nitrogen (moisture-free), 

per cent 2.179 2.275 2.263 

Moisture, per cent 75 -36 75 .24 74.66 

Stool No. 4. 

Nitrogen (moisture-free), 

percent 2.312 2.387 2.343 1.641 

Moisture, per cent 73 28 73 14 73-44 79.18 

Stool No 5. 

Nitrogen (moisture- free), 

percent 1 582 1.597 1.622 1.618 

Moisture, per cent. . . . 74 85 74 62 74 .40 74-93 

Table III. — Individual Stools. 

Fresh. * 2 days. 5 days. 7 days. 

Stool No. 6. 

Nitrogen (moisture-free), 

percent .... " 1.854 1 816 1 843 

Moisture, percent . 77 62 76 61 77-26 76 44 

Stool No. 7. 

Nitrogen (moisture-free), 

percent.. . . 1.491 1 471 1.470 1 473 

Moisture, per cent . . 80.06 80.48 80.16 f 80 18 

Stool N. 8. 

Nitrogen (moisture-free), 

percent ... 1 319 1.347 1295 J 335 

Moisture, percent .. 76.49 76 16 76 04 * 75 95 

Table IV — Com posit Stools. * 

Per cent, nitrogen (moisture-free basis). 


Stool No. 

8 days 

43 days. 

92 day*- 

9 ' 

I - 913 

I .901 

I 788 

IO 

I . 863 

T . 740 

1 848 

II 

2 179 

2 .27O 


12 

.... 2.127 

2 I94 

2.068 

13 

. . . . I . 7$o 

I . 736 

I.663 

14 

1 629 

I .631 

* - 743 


[From the Laboratories of Physiological Chemistry of the University c>f 
Illinois and the University of Pennsylvania.] 

STUDIES OK WATER DRINKING . 1 III. ON THE URIC ACID ELIMI- 
NATION FOLLOWING COPIOUS WATER DRINK- 
ING BETWEEN MEALS. 

By S. A. Rulon, Jr., and P. B.,Hawk. 

Received October 18 , 1910 . 

The present paper embraces a report of two metabolism studies made 

1 For I and II of this series of studies see Hawk, University 0} Penn. Med. Bull., 
18, 7 (1905); and Fowldr and Hawk, J, Exp . Med., 12, 388 (1910), respectively. 
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upon two individuals, the topic under consideration being the determina- 
tion of the influence of large volumes of water taken between meals upon the 
uric acid output. The subjects were young men 24 and 29 years of age 
respectively. They were placed upon uniform diets containing a small 
amount of water and were brought into nitrogen equilibrium, after which 
an interval elapsed during which large volumes of water were daily added 
to the uniform diet, the added water being taken between meals. This 
period of high water ingestion was then followed, in each instance by a 
period throughout which the uniform diet and low water ration of the 
preliminary interval were fed. In the first experiment the three periods 
of the test were 3, 4, and 2 days in length respectively, whereas in the 
second experiment the periods were 3, 2, and 4 days in duration. The 
daily diet, duriifg the first study, consisted of 2100 grams of whole milk, 
120 grams of butter and 300 grams of crackers, this ration being divided 
into 3 equal portions and fed at the customary intervals. The lation of 
the second study was 1800 grams of whole milk, 75 grams of butter and 
330 grams of crackers. During the interval of copious water ingestion 
of the first experiment, the volume of water daily ingested was 5900 cc. as 
against an ingestion of 400 cc. per day during the preliminary and final 
periods. These volumes were 5,000 cc. and 500 cc. respectively in the 
second experiment. In other words the water ingestion was increased 
5‘/ 2 liters in the first study and 5 liters in the second study. The body 
weights of the subjects were about the same (60.6 kg. and 61.5 kg.). 
During all of Experiment II and for 3 days of Experiment I, the urine 
was collected in 24-hour samples. The urine specimens for the remain- 
ing days of the first experiment were daily collected in 5 sub-periods, 
there being four 3 hour periods and one fen-hour period The 3 TV-hour 
periods began at 8 a.m. and extended from that hour until 10 p.m., the 
lo-hour period extending from 10 p.m. until 8 a.m. the following day. 
The urine samples were preserved by thymol powder. Uric acid was 
determined by the Fol in -Sh after method. 1 

Copious Water Drinking and Uric Acid Output. 

The data from the first experiment are given in Table I. An examina- 
tion of that table shows that there w^as 0.319 gram of uric acid excreted 
upon the first day of the experiment and that this was followed on the 
remaining tW'O days of the preliminary period by daily eliminations of * 
0.294 gram and 0.267 gram respectively. When the large volume of 
water was introduced into the organism, however, there was a decided 
lowering of the uric acid values. The data indicate that the quantitative 
examination of the urines for the 4 days of copious water ingestion yielded 
values of 0.195, 0.131, 0.150 and 0.148 gram respectively. The final 
period in which small amounts of water w r ere again daily ingested was 
1 “Practical Physiological Chemistry” (Hawk), Third Edition, p. 366. 
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accompanied by a return to the normal uric acid level of the preliminary 
period. These data would seem to indicate, then, that the ingestion of 
large amounts of water is accompanied by a pronounced decrease in the 
uric acid elimination. (This question is further discussed in a later 
paragraph.) 

Table I.— Uric Acid Excretion. Experiment I. 


Dfty of 
experi- 
ment. 

Number of 
sub-period. 

Uric acid excretion. 

Urine volume. 

Sub-period Total for day. 

Sub- period. Total for day. 



Preliminary Period (3 Days). 





Gram. 

Gram. 

cc. 

cc. 

I 



0.319 


900 

II 

I 

0.049 

0 294 

140 

1330 


0 

0 044 


235 


III 

3 

0 074 

► O 267 

260 

1350 


4 

0 028 


360 



5 

O 072 j 


355 . 




Water Period (4 Days). 




1 

0 028 1 


720 ' 



2 

0 021 


I75<> 


IV 

3 

0 033 

” O.195 

1580 

► 6720 


4 

0 026 


1 360 



5 

0 087 J 


1310 . 

/ 


1 

0 037 : 


680 ' 



2 

O Old 


1750 


V 

3 

O.OI7 

' 0.131 

1400, 

‘ * 6320 


4 

O 040 j 


1320 



5 

O 021 j 


1170 j 



1 

0.016 j 


730 ] 



2 

O 062 


1670 


VI 

3 

O .021 

O.150 

1200 

6530 


4 

0.024 


1380 



5 

0.027 j 


1550 . 



1 

O 019 

! 

620 



2 

O O36 


1800 


VII 

3 

0.028 

0 

£ 

00 

840 

5530 


4 

O 023 

1 

1300 



5 

O.O42 


970 , 

: 


Final Period (2 Days). 



I 

0.046 ] 


140 


2 

0.036 


185 

VIII 

3 

0034 

0.212 

170 


4 

0.033 j 


215 


5 

0.063 J 


315 

IX 



0.279 



A consideration of the uric acid output for the daily sub-periods of the 
first experiment fails to reveal any uniformity in the uric acid elimina- 
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tion for the different days. In some instances the maximum excretion 
occurred during the first 3V 2 -hour period, whereas on certain other days 
the second, third, or fourth sub-period, as the case may be, included the 
maximum yield. It is of interest that the largest urine flow was found to 
occur during the second sub-period on each day of the interval of high 
water ingestion. This uniformity did not hold for the preliminary or 
final periods. No relation was noted between the volumes of the urine 
fractions and their uric acid content. 

Table II. — Uric Acid Excretion. Experiment II. 


Day of 

Urine data 



experiment. 

Uric acid content. 

Volume. 

Water ingested. 1 


Preliminary Period (3 Day?). 



Gram. 

cc. 

cc. 

I 

0.282 

1090 

500 

2 

0 . 267 

997 

500 

3 

0 274 

770 

500 

4 

Water Period (2 

0 279 

Days). 

5250 

5000 

5 

0 258 

5800 

5000 

6 

Final Period (4 Days). 

0.261 1275 

500 

7 

0 283 

1 1 60 

500 

8 

0 254 

1 140 

500 

9 

c 

0 

c\ 

00 

885 

500 


When we examine the data from the second experiment, as given in 
Table II, we find that the conditions during the interval of high water 
ingestion were entirely different from those which were observed in the 
similar period of the first study. The daily uric acid output for the 
preliminary period, however, was very similar to that already discussed 
in connection with the data from Experiment I. This logically follows 
from the fact that the subjects were of practically the same body weight 
and were being fed a very similar ration. The values for the period range 
from 0.267-0.282 gram per day. The initial day of the water period 
was accompanied by an increase of 4 1 / 2 liters in the w r ater ingestion. 
Bearing in mind the uric acid findings of the first experiment, we would 
expect to observe an accompanying lowering of the uric acid output. 
However, the data indicate that no such decrease occurred in this case, 
inasmuch as the daily uric acid excretion for each day of the water period 
was an approximate duplication of those obtained during the low water 
ingestion of the preliminary period. When we pass to the final period 
with its normal water ration, we again fail to note any considerable or 
significant variation in the uric acid values. 

Going no deeper into the question than a comparison of the analytical 
1 Exclusive of the water content of the milk. 
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data obtained in the two experiments, it seems that copious water in- 
gestion in the case of one subject caused a pronounced decrease in the daily 
output of uric acid, whereas in the case of the other subject similar ex- 
perimental manipulation was productive of no alteration in the course of 
the uric acid elimination. With no other data at hand, then we would in- 
terpret the lack of uniformity observed as due to individuality. When we 
consider the known facts regarding the origin and excretion of uric acid, 
however, it is difficult to see how an increased water ingestion can be con- 
sidered as a logical forerunner of a decreased uric acid excretion. To be 
sure, Genth 1 as far back as 1856 did obtain a lowered uric acid output 
after feeding a ration which embraced a comparatively high water intake. 
However, Genth used the Ileintz method for the determination of his uric 
acid values, a method which is considered inaccurate. Later Schondorf 2 
using Salkowski’s modification of Fokker’s method secured data which 
indicated a slightly lowered excretion under the influence of high water 
ingestion. 

On the other hand Laquer 8 and Schreiber 4 have each shown a slightly 
increased excretion of uric acid after feeding from 1-3 liters of water. 

Recent tests made by us have indicated quite conclusively that the 
Folin-Shaffer procedure does not always yield the total uric acid output 
of urines which possess as low specific gravities as those obtained during 
the water periods of our experiments, i. e\, 1. 003-1. 010. For this reason 
we are not willing to interpret the data from our first experiment as 
indicating that copious water drinking has caused a decrease' in the uric 
acid elimination, but are rather inclined to believe that a portion of the 
uric acid content of those urines of low density escaped determination by 
the Folin-Shaffer technic. It is possible that the factor of individuality 
has also exerted an influence, but we place more reliance upon the quan- 
titative data obtained in our second experiment which show no change 

the uric acid output under the influence of the ingestion of large volumes 
of water. We believe the data there set forth represent the true relations 
for this subject and that the urines were of such a character as to permit 
the securing of accurate data by means of the Folin-Shaffer procedure. 8 
The values obtained for the water period of the first experiment we be- 
lieve are too low and do not represent the absolute uric acid values for 
those days. Why the dilute urines from one subject should yield accurate 
data, and similar urines from another subject should yield data apparently 

' 1 Genth, Quoted by Schondorf, Arch. gcs. Physiol 46, 529. 

2 Schondorf, Arch. gcs. Physiol 46, 529. 

3 Laquer: Kongress fur innere Medicin, 1896, p, 381. 

4 Schreiber, “Die Harnsaure,” 1899, p, 38. 

a It may be, of course, that the Folin-Shaffer method also failed to determin the 
total uric acid content of these urines. In that event an increased excretion of uric 
add must have followed copious water drinking. 
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inaccurate when the same procedure was used in the two instances, we 
are unable to say. No interfering substances could be demonstrated to 
be present and it is rather difficult to see just how the urines from the two 
experiments could differ much in general characteristics, inasmuch as the 
dietary of each experiment was made up of the same constituents. 

Summary. 

Two experiments were made to demonstrate the influence of copious 
water drinking between meals upon the uric acid output. The subjects 
used were two young men 24 and 29 years of age respectively. Each 
experiment was divided into three periods, a preliminary period during 
which nitrogen equilibrium was established through the feeding of a uni- 
form diet, a water period during which this uniform diet was supple- 
mented by the daily drinking of a large volume of wafer between meals, 
and lastly a final period in which the dietary regimd of the preliminary 
interval was in force. 

In one experiment copious water drinking caused no change in the uric 
acid output, whereas a pronounced decrease in this excretion was ob- 
served in the case of another subject. The data indicating a decreased 
elimination of uric acid under the influence of copious water drinking we 
believe to be due to the fact that the Folin-Shaffer procedure did not, 
in the case of this subject, determin the total uric acid content of those 
urines of extremely low density, i. e. } 1. 003-1. 010. This interpretation 
has been substantiated by tests made in another connection. 

Upon those days when the urine for the twenty-four-hour interval was 
collected in five sub-periods, there was apparently no relation between 
the urine volume for the sub-period and the uric acid content. There was 
likewise no uniformity in the daily course of the uric acid excretion, the 
maximum output occurring 011 different days in the first, second, third, 
and fourth sub-periods respectively. The maximum urine flow occurred 
uniformly in the second sub-period of those days on which large volumes 
of water were being ingested. This uniformity was not observed on the 
days of low water ingestion. 

Uhbana, III. 

NOTE. 

A Convenient Potash Bvlb . — More than a year ago the writer devised 
a potash bulb much like the one shown in the cut, and it proved to be so 
convenient and efficient that it was thought worth while to describe the 
no less efficient and much more convenient form shown. The cut is drawn 
to scale from one now in use. The inner and outer tubes, A and B, are 
made of very thin “condenser” tubing, the tubes I and O being of ordinary 
thickness. The essential feature is the disks, 1), whicji fit so loosely 
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between A and B that they can move freely up and down between the 
projections blown in the wall of A. The annular free spaces should be 
not less than 1 mm. broad. The disks are made by abruptly flaring glass 
tubing of proper bore and cutting off about 4 or 5 mm. from the end. 



When gas is entering through I, it is first broken up into small bubbles 
on passing through the openings in A. (Instead of being blown into a 
bulb, the end of A may be flared to form a broad disk.) It is then trapped 
in succession by the disks which, when working properly, alternately rise 
and fall, continually wetting the walls of B with fresh solution. The 
lowest disk must not fall below the cylindrical part of B, and the upper- 
most must stop rising at least a centimeter below the outlet. The amount 
of liquid to be used depends on its viscosity and the rate of flow of the 
gas. Enough to just reach the second disk is usually sufficient. The 
cleanest way to introduce it is through the filling- tube, F, set on in a plane 
at right angles to that of I and 0 . The ground-in stopper is made of glass 
rod, and is rendered perfectly tight by means of stopcock grease. 

In weighing, the caps, C, are placed on I and O, and the tube is sus- 
pended by means of a permanently attached loop of platinum wire, as 
shown. 

This form of absorption bulb is less fragile than the Geissler bulb, hak a 
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much smaller surface and is considerably lighter. When filled it weighs 
from 35-40 grams. The method of filling obviates all danger of contact 
between the solution and the rubber connections. C. E. Waters. 

Bureau of Standards. Washington, 

September 29, 1910. 
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A Manual of Volumetric Analysis, Treating on the Subjects of Indicators, Test-papers, 
Alkalimetry, Including Assay of Drugs by Titration, Acidimetry, Analysis by Oxida- 
tion and Reduction, Iodimetry, Determinations by Precipitation, and by Color 
Comparison. By Virc.il, CoblEntz, Ph.D., Pharm. M, F.C S„ Professor of 
Chemistry in the New York College of Pharmacy. Second edition, revised, com- 
pletely reconstructed and enlarged by Anton Vorisek, Phar. 1 )., Professor of Analy- 
tical Chemistry in the College of Pharmacy Columbia University, in the City of New 
York, with 37 illustrations. Philadelphia: P. Blakiston’s Son & Co., 1012 Walnut 
Street. 1909. 

“Denn was man schwarz auf weiss besitzt kann man getrost nach 
Hause tragen.” While this suggestion was given by Mephisto to what 
was presumably a German student, the average American student does 
not have the time, or at least he thinks he has not the time to take notes 
for the purpose of taking them home. Neither is he content, as a rule, 
with such a large text as Sutton or Mohr that can be consulted in the de- 
partmental library. He is happiest when he has a textbook that does 
not contain much more than his immediate necessities demand. 

This manual of volumetric analysis meets such a demand and meets 
its acceptably. Considerable information is crowded between the two 
covers. 

In the first edition the ionic theory was applied to indicators only. In 
this the second edition it “has been extended to chemical reactions other 
than those of the indicators.’ ’ Evidence of this extension is rather scarce 
in the text, being restricted mainly to a few pages in the chapter devoted 
to “Determinations by Neutralization.” 

“The didactic system (H ~ 1,000) of atomic weights used in the first 
edition has been dropped and replaced by the atomic weights of the In- 
ternational Committee of Atomic Weights. However, the rounded 
value of H = 1.01 for the official value 1.008 was adopted “to shorten 
long fractions and to facilitate calculations.” 

The book will, no doubt, continue to find many friends among students 
and teachers. Edward Kremers. 

History of Chemistry. By Sir Edward Thorpe. Two volumes, i6tno., illustra- 
ted. Vol. 1, pp. xii 4 195; Vol. 2, pp. vii 4 - 202. New York: and London: 'G. P. 

Putnam’s Sons. Price, cloth, 75 cents per volume. 

These two volumes by the author of “Essays in Historical Chemistry” 
form a part of a series <?f books on the “ History of the Sciences,” the 
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“History of Astronomy’ * by George Forbes having previously ap- 
peared. 

In the study of the natural sciences there is perhaps no part that is 
more commonly slighted or neglected than their history. Unfortunately 
this is still especially true of the history of chemistry. The study of the 
history of the development of the natural sciences is not only intensely 
interesting, but it offers rare opportunity to acquire breadth of view and 
culture, for the growth of scientific thought and methods is most intimately 
connected with the progress of mankind. No one can really fully ap- 
preciate what we know of chemistry without at least a rudimentary 
knowledge of the history of that science. But very few students of 
chemistry have read the monumental work of Kopp on the history of 
chemistry from cover to cover, indeed not many have read through the 
less comprehensive books like those of Ernst von Meyer or Ladenburg. 
Most students are so much engrossed with the work of mastering the 
science itself that they neglect its history, a study of which would not only 
clear up many difficult points, but would act as a source of inspiration 
for further vigorous efforts. 

The present brief history of chemistry may be highly recommended 
to the student. It is written in a clear, interesting style, which can not 
fail to captivate the reader. The first volume traces the* history from 
earliest times to the middle of the nineteenth century, and the second 
volume treats of the period from 1850 to the present day. The author 
presents the origin and growth of chemical views and theories as based 
upon experimental investigation. Considering the space allotted, he has 
succeeded very well on the whole, though to be sure it was necessary to 
greatly curtail many of the interesting phases of the history of the science. 
The volumes contain twenty-five portraits of noted chemists. Some 
of these have been printed for the first time. One of the special features 
of the volumes is that they contain many short biographical sketches of 
men prominent in the development of chemical ideas. In these sketches 
the author is at his best, as indeed one would expect from his “ Essays in 
Historical Chemistry,” which are classics. If any criticism is to be made 
on the books, it would be that these biographical sketches occupy too 
much space as compared with that devoted to the tracing of the develop- 
ment of chemical theories. 

It is to be hoped that these volumes will stimulate renewed interest 
in the history of chemistry. May they act as an inspiration to the student 
of science and lead him to delve further into the more exhaustive treatises 
on chemical history, a study of which is indispensable to every one who 
really desires a thorough understanding of the chemical facts, laws, and- 
theories that have thus far been accumulated. * 
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The books are neatly bound in cloth, the paper is good and the print 
clear. Louis Kahlenberg. 

Neuere Anschaungen auf dem Gebiete der anorganischen Chemie. By Prof. 

Dr. A, Werner. Second Edition Braunschweig. Friedrich Vicweg und Sohn. 

1909. pp xv 4 292. Price, 9 Marks; bound, 10 Marks 

To the average chemist only a limited time is available for familiarizing 
himself with the details of developments in lines other than his own. The 
appearance of the first edition of this book in 1905 was therefore welcomed 
by all who had become interested in the* remarkable work of Werner and 
his co-workers, yet who had gotten only a hazy idea of the subject, on 
account of the enormous mass of material appearing constantly in the 
journals. Since then the number of contributions to the literature has 
not grown less, rather has it increased. This has been due to the ex- 
tension of the views developed from the study of the metal-ammonia 
compounds to the hydroxy compounds, basic salts, acids, bases, hy- 
drolysis, dyestuffs, and the difficult but successfully exploited field of the 
polynuclear compounds. Consequently a new edition of the book has 
become necessary, and in this second edition the author has brought 
together in concise form, and with full bibliography, all of the later de- 
velopments in this fascinating chapter of inorganic chemistry. 

Based upon the experience gained from the first edition, the arrange- 
ment of the matter has been greatly improved, making the book much 
more readable to those unfamiliar with the subject. 

The new edition shows clearly the development of the author’s views 
concerning valence. His attitude from the outse. has been that of one 
who puts forth no final solution of a problem, but rather a working hypo- 
thesis based upon a clear insight into relations among a mass of com- 
pounds hitherto considered inarticulate. His hypothesis of “ secondary’ * 
or ‘‘auxiliary” valences has indicated the way for experimental work 
leading to the discovery of many new compounds, explained the con- 
stitution of many old ones, and demonstrated relations hitherto unre- 
cognized. Doubtless; as the author himself believes, the final truth con- 
cerning these compounds has not yet been revealed; but certainly his 
views and work constitute a most important step toward that truth. 

The diversified character of the developments in this complex subject 
can be understood only when it is known that the author, while possess- 
ing a fine scientific imagination, is also an indefatigable worker in the 
laboratory ; that while interested primarily in inorganic, he is equally 
at home in physical and in organic chemistry. 

It is to be hoped that at some early day Prof. Werner will publish a 
laboratory manual embracing the preparation of typical compounds in 
each important group, and especially the methods employed in passing 
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from one group to another. Such laboratory directions exist, of course, 
in the literature, but they are so widely scattered that many turn aside 
from work in this field. The reviewer can imagine no more attractive 
subject for a student course in inorganic preparations than, for example, 
the cobaltammines, with their varying colors, their differences in ioniza- 
tion, and the multiplicity of possible transformations. 

Chas. H. Herty. 

Die Alkaloide. Eine Monographic der natuerlichen Basen. Von Dr. Ernst Win- 
terstein, Professor, und I}r. GEOHfc Trier, Assistant, an der eidgenossicsehen poly- 
technischen Schule in Zurich. Verlag von Gebrtider Brontrager, Berlin, 1910. 

The appearance of this book is very timely. While text-books on 
organic chemistry usually contain a short chapter on alkaloids, special 
treatises on this subject are few and appear at long intervals. The book 
is excellently gotten up from the standpoint of workmanship, and con- 
tains almost every alkaloid whose existence has been definitly established. 
By omitting detailed methods of manufacture, leaving out descriptions 
of alkaloidal salts, and cutting down bibliographic references to a mini- 
mum, the authors have managed to condense a vast subject into 340 
pages. A special feature of the book is the special attention given to the 
physiological behavior of those alkaloids whose effect on living organisms 
has been tested. The book consists of a general introduction,^ special 
part and a large chapter on the function and generation of organic bases 
in plants. The introduction consists of ten chapters: Definition; his- 
torical review; occurrence; general methods of preparation, detection and 
quantitative estimation; general properties; constitution and methods 
used for its determination; synthesis of alkaloids; physiological behavior; 
phytotoxins; relation between constitution and physiological action; 
classification. The authors distinguish between alkaloids in general and 
alkaloids proper. The first term applies to all nitrogenous bases found 
either in vegetable or animal organisms; the second is restricted to veget- 
able bases containing nitrogen in heterocyclic union and possessing 
physiological activity. In the chapter on physiological activity the 
supposition is advanced ascribing this activity to a molecular combination 
of alkaloid and protoplasm, the enormous effect of relatively small doses 
being due to. the smallness of the molecular weight of the organic bases as 
compared with the exceptionally large molecular weight of the albumins. 
A thorough discussion is given of the remarkable tolerance of some animals 
towards poisonous bases, atropine, for example, having no effect upon the 
rabjbit, and the lethal dose of morphine being ten times larger for chickens 
and a thousand times larger for goats than for man, The authors criticize 
the utility of antidotes whose action, like that of tannin, consists in the 
formation of insoluble combinations with the organic base. Since tritoy 
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alkaloids exist in the poisonous plants in the form of tannates, the ad- 
ministration of tannin cannot be expected to destroy the toxicity of the 
bases. In the chapter on the relation between constitution and physiologi- 
cal action, the authors, after enumerating the well-established regularities, 
arrive at the conclusion, expressed in the words of Schmiedeberg, that it 
will be more difficult to establish a scientific theory of this relation than 
of that between constitution and color. In the special part no attempt 
is made to classify the alkaloids according to any definit system. The 
aliphatic bases are treated first, then comes in succession the aromatic 
with an aliphatic side chain, pyridine, quinoline and isoquinoline deriv- 
atives, bases containing several nitrogen atoms in the molecule and finally 
the alkaloids of unknown constitution. In the voluminous chapter on 
the function and generation of alkaloids in the plants the authors review 
the various proposed theories, and express their preference for the sup- 
position that the vegetable bases are catabolic products of the albumins, 
and that their formation has no other purpose than the removal of nitrog- 
enous decomposition products that have become useless or even harmful 
to the living plant. Pictet’s general theory of the formation of the 
alkaloids from certain so-called protoalkaloids of simple constitution 
which are themselves decomposition products of the albumins is accepted 
in its general features, but it is shown that, contrary to that theory, 
formaldehyde cannot be regarded as the direct methylating agent, and 
that Pictet's scheme of the formation of alkaloids with a pyridine nucleus 
from pyrrole is not quite satisfactory. The objection to formaldehyde 
as a direct methylating agent is based, among other considerations, upon 
the fact established by Winterstein that alkaloids are frequently formed 
in seeds during germination in the dark when there is no photosynthesis 
to produce formaldehyde. The authors think that the direct methylating 
agent is methyl alcohol which, however, may in some cases owe its forma- 
tion to the aldehyde produced primarily. The alkaloids containing a 
pyridine nucleus are formed not from pyrrole, but from lysine produced 
in the splitting up of the albumins. Even the nitrogen-free groups, like 
benzoyl, cinnamyl, etc., frequently present in the molecule of alkaloids, 
are produced from the amino acids of the albumins by a reaction similar to 
the one called by Ehrlich “alcoholic fermentation of amino acids.” An 
important role in the formation of alkaloids is ascribed to the betaines the 
constitution of which is assigned to several bases, c. g., guvacina^ and 
arecaine, which hitherto were not supposed to be betaines. The authors’ 
views are illustrated by many examples showing the genetic relations 
between the albumins and the alkaloids. A characteristic feature of the 
successive phases of the transformation of the former into the latter con- 
sists in the destruction (“blocading”) of the reactivity of the hydrogen 
atoms of the amino groups by reactions of methylation or, in some cases, 
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condensations with alcohols, phenols or aldehydes. For this reason the 
authors propose a new definition of alkaloids as “ organic compounds 
produced in the formation or transformation of protoplasmic substances 
(proteins, proteids, phosphatides, etc.) in such a way that the reactive 
hydrogen atoms of the basic groups are closed, so that the resulting 
products are unable to regenerate the original or to form new proto- 
plasmic substances.” The presence of choline and of purine bases in the 
molecules of the albumins is ascribed to the action of ammonia on some 
of the nitrogen-free intermediate products of photosynthesis. The book 
is full of suggestions and deserves a prominent place in every welhequipped 
library. H. M. Gordin. 
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/>-Aminobenzonitrile, some derivatives of 1494 

m-Aminodiethylaniline, derivatives of, 386, the salts of bases formed by condensing m-amino- 

dimcthylaniline and, with aromatic aldehydes T 382 

fn-Aminodimethylaniline, the salts of bases formed by condensing m-aminodiethylaniline and. 

with aromatic aldehydes 382 

7-Amino-2,3-dimethyl-4-quinazolone 1306 

Aminoisocampholactone 1667 

6- Amino-2-methyl-4-quinazolone 131 1 

7- Amino-2-inethyl-4-quinazoIone, and derivatives 1301 

6- Amino-2-methyl-4-quinazolones. synthesis of 1297 

7- Amino-2-methyl-4-quinazolones, synthesis of 1297 

m-Aininophenol, condensation products of mellitic acid with 189 

Ammonia, quantitative distillation of, by aeration . 689 

Ammonia, solid hydrates of 748 

Ammonia nitrogen, determination of, in water in the presence of hydrogen sulphide 1256 

Ammonium acetate, conductance of solutions at 18, 100 and 156°, 165; solutions at 18, 218 and 

306° 171 

Ammonium acetate, hydrolysis of, at 100 and 156°, 168; at 218 and 306° 172, high temperatures. 159 
Ammonium aluminium alum, diffusion of 1381, 1383 


Ammonium ehloride, a dynamic method for measuring vapor pressures, with its application to 
benzene and. 1448, 1453. 1457; equivalent conductance of, 161; reaction between potassium 


dichromate and, when heated 178 

Ammonium chrome alum, diffusion of ‘ 1380, 1381, 1382 

Ammonium ferric arsenate 628 

Ammonium hydroxide, equivalent conductance of, 163; ionization of 164 

Amylase, pancreatic study of the action of 1087 

Amylases, studies on. 1073, 1089 

Analyses of some Greek vases 1257 


Analysis, A Manual of Qualitative Analysis (McGregory, book), 243 ; an application of the Folin 
method to the determination of the amraoniacal nitrogen in meat, 561; An Introduction 
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to Chemical Analysis for Students of Medidue, Pharmacy and Dentistry (Rockwood, hook), 
243; application of the Volhord method to the estimation of alkaloids. 132; conditions 
affecting the electrolytic determination of copper. 1264 ; determination of ammonia nitrogen 
in water in the presence of hydrogen sulphide, 1256; determination of iodine in protein com- 
binations, 692; determination of the add value of crude fat and its application in the de- 
tection of aged foods, 568; determination of total sulphur in organic matter, 977 ; electric com- 
bustion furnace for methane determination, 949; electrolytic determination of chlorine in 
hydrochloric add with the use of a silver anode and a mercury cathode, 1468; exact de- 
termination of sulphur in soluble sulphates, 588; influence of chlorine upon the determination 
of nitric nitrogen, 756; of calcium bromide, 1577; of tin-antimony alloys, 1241; progress in 
systematic qualitative organic, 1049; Quantitative Chemical Analysis* Adopted for Use in 
the Laboratories of Colleges and Schools (Clowes. Coleman, book), 244; quantitative deter- 
mination of arsenic, 518, 520; quantitative distillation of ammonia by aeration, 689; rapid 
and accurate method for the determination of titanium, 957, resolutions governing com- 
mittees of the American Chemical Society, and of its divisions, having to do with the stand- 
ardization of methods of, Pr. 106; speedy detection of potassium m small amounts, 78; the 
phenolsulphouic acid method for the determination of nitrates in water, 630; the rapid deter- 
mination of copper, silver, cadmium and bismuth by means of the mercury cathode and 
stationary anode, 1231, Treatise on Qualitative Analysis (Sellers, book), 242, use of or- 
ganic electrolytes in separating cadmium, 1251, colorimetric, determination of manganese 
in the presence of iron, 9t>5; elementary, by means of a calorimetric bomb, 547; volumetric, 
a source of error in permanganate titrations; preliminary note, 1204, A Manual of 
(Coble ntz, book). 1693, Manual tln£orique et pratique d'analyse volutndtrique (Duparc. 
Basadouna, book), 812; method of determining iodide in the presence of chloride, bromide, 
or free iodine, 1193, new method for cobalt and nickel, 757, new method for the deter- 
mination of manganese, 1250, of cerium in cente and monazite, 642; quantitative appli- 
cation of the theory of indicators to, 815; titration of ferrous salts in the presence of hy- 


drochloric and phosphoric acids 539 

Anderson, F. Ililfsbuch fur Warme und Kalteschutz (book) 1362 

Anpouard, A Nouvcaux Elements de pliarmacie (book) 1536 

Andr&s L K Der Kesselstein. Seine Entstehung und Vorhiitung (book) 1110 

Aniline, condensation of, with chloral-aniline 974 

3-Amlmo-4-quinazolone-2-carboxylic acid, ethyl ester 126 

Auisolation 194 

Anisyhdene-w-aniinodmiethylaniline 386 

Annuals. Anmmirc pour l'An 1910 (book) 144 

Anode, electrolytic determination of chlorine in hydrochloric acid with the use of a silver anode 
and a mercury cathode. 1468; rapid determination of copper, etc , by means of the mercury 
cathode and stationary anode, 1231 , rapid determinations and separations by means of the 

mercury cathode and stationary anode 1628 

Anselmino. O DasWasscr Experimentulvortrilge (book) 1362 

Anthranilic add. bromination of 770 

Antimony alloys, analysis of tin-antimony alloys 1241 


Apparatus, a convenient potash bulb. 1691 , an adiabatic calorimeter for use with the calorimetric 
bomb, 461 , 464, an adjustable automatic burette, 703; an improved siphon, 8f0; calorimetric 
bomb, 550, electrolyzing tube used m determining the atomic weight of mercury, 1123; 
extraction, 1533, for absolute alcohol, 698, for determining atomic weight of vanadium, 1605; 
for determining heats of combustion, 271; for determining heats of solution of metals in 
acids, 442, for determining molecular weights by vapor pressure lowering, 1616; for de- 
termining jxdential of the sodium electrode, 1461, 1464, 1465; for determining solubilities 
at high temperatures, 51; for delemuning vapor pressures, and boiling points of, 907; for 
determining vapor pressures of solids and liquids, 1419; for drying flasks, etc, 650; for 
estimation of small quantities of nitrogen by Pclouze reaction, 1239; for measurement 
of vapor densities of easily volatd substances, 1624; for preparation of tantalum chloride, 
• 1129; for preventing loss of drops, 446, for the determination of arsenic, 520, 962; for 
transference experiments with thallous sulphate and lead nitrate, 1556; modified buret 
for standard alkali solutions (note), 971; new normal solution and reagent bottle, 1277; 


rack for holding reagents in bulk, 884; red lines for a balance scale 884 

Arbndt, R. Grundztige der Chemie und Mineralogie (book) 1110 

Arbbnnius, S. Lchrbuch der Elektrochemie (book) 1008 

Arlt, F R. v. Laboratoriumsbuch ftir die Zementindustrie (book) 1362 

Akmitaob, F. P. A History of Chemistry (book) 428 

Armstrong, E> F. The Simple Carbohydrates and the Glucosides (book), review 725, title 813 

Arrhenius, S. Die Atmosphere der Flaneten (book), 1363; Theorien der Chemie. Ueber- 

setzt von Alexis Finkelstein (book) 247 
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Arsenates, some new double . 626 

Arsenic, apparatus for the determination of, 962; atomic weight of, 2, 260; effect of the presence 
of, in the electrolytic determination of copper, 1275; quantitative determination of, 518, 

520; retention of,*by iron and other metals 519, 522 

Arthtjs, M. Elemente der physiologischen Chemie (book), 1536; Precis de chimie physi- 

ologiqtfe (book) . 1008 

Ashley, H. The Colloid Matter of Clay and its Measurement (book) 11 10 

Askbnasy, P. Kinftihrung in die technische Elektrocliemie (book) 1110 

Asparagine, influence of, upon the diastatic power of amylases 1103 

Atkins, K. N. See Rcnshaw, R. R. 

Atom, Le Cinquantenaire dc Tatomecanique ou de la Mdcanique des atonies (Hinrichs, book) 812 

Atomic weight, of calcium, 1577, of hydrogen, 513, of mercury, 1117, of phosphorus, 298; of 
tantalum, 1127, of vanadium. 1603; annual report of the international committee ou, 1113, 
Experimentelle Untersuchungen iiber Atomgewichte (Richards, book), 242; history of the 
revisions of the, of lithium. 10, of silver and iodine, 1591, of silver, lithium and chlorine, 

4; report of international committee on, 1 , seventeenth annual report of the committee on, 

determinations published during 1909 255 

Auerbach, F. See Abegg, R. 

Aufhauser. Vorlesungen iiber Brennstoffkunde (book) 894 

Aulard, A. Sec Vrancken, E. 

Austin, L. S. The Metallurgy of Common Metals, Gold, Silver. Iron, Copper, Lead and Zinc 

(book) 428 

Autenrieth, W. Lie Auflfndung der Gifte und stark wirkeuder Arzneistoffe (book) 247 

Azobenzenes, the stereoraeric 1294 

BACTERICIDAL properties of lecithins and choline salts 130 

Bacteriology, Handbuch der landwirtschaftlichen Bnkteriologie (Ltthms. book), 1108, Outline 

of Bacteriology (Ellis, book) 726 

Bagshaw. W Elementary Photomicrography (book) 247 

Bailey, C. H. First Stage Inorganic Chemistry (Theoretical) (book) 247 

Baird, H. C The Practical Dry Cleaner, Scourer and Garment Dyer (book) g 247 

Balance scale, red lines for # . . . 884 

Balke, C. W. The atomic weight of tantalum 1127 

Bancroft. W D Division of Physical and Inorganic Chemistry (report) Pr 23 

Barium hydroxide, solubility o barium nitrate and, in the presence of each other 1383 

Barium nitrate, solubility of barium hydroxide and, in the presence of eacli other. * 1383 

Barium sulphate, conductance of saturated solutions, 53; effect of nitrates on the precipitation of, 

613; occlusion of sulphuric acid and sulphates by, 592, 603, 608, solubility of, at high tem- 
peratures 50 

Barker, G. F. (obituary of) Pr 113 

Barlow, W K. The binary and ternary alloys of cadmium, bismuth and lead 1390 

Barnbby, O. L and Isham, R. M. A rapid and accurate method for the determination of titanium 957 
Barthel. C. Methods Used in the Examination of Milk and Dairy Products (book) ... . . 1110 

Bartow, E. and Harrison, B. H. Determination of ammonia nitrogen m water in the presence 

of hydrogen sulphide 1256 

Barus, C. Condensation of Vapor as Induced by Nuclei and Ions (book) 1363 

Basadonna, M. See Duparc, L. 

Bases, colored salts of Schiff's, 382; ether thioureas and their relation to pseudoammonium bases, 

1279; titration of 829ff. 

Basic properties of oxygen compounds with bromine and iodine 1330 

Baskervillr, C General Inorganic Chemistry (book), review 240, title 726 

Baskbrville, C. and Curtis, R. W. Laboratory Exercises in In organ ip Chemistry (book) . . 727 

Baskbrvillb, C. and Stevenson. R. Apparatus for drying flasks, etc 650 

Bates, S J. See Tingle, J. B. 

Battbgay, A. Conferences de pharmacie, Tome 4. Analyses d* urines, de f&ces, de lait (book) . 895 

Battklli, A.. Occhialini, A., and Chella, S. Die Radioaktivit&t (book) 1008 

Bauckner, J. Chemische Grundgesetze u. Grundbegriffe, berarbeitet durch Sch iilleriibungen 

(book) 1008 

Baud, E. Industries des acides mindraux. Acides sulfurique, chlorhydrique et azotique (book) 894 

Bauer, A. Zur Geschichte des Tellurs (book) 1363 

Baukxedel, F Untersuchung iiber das Platin Hexabromoplatineate organischer Ammonium- 

basen (book) 1363 

Bausor, H. W. First Stage Inorganic Chemistry (Practical) (book) 247 

Baxter, G. P. A revision of the atomic weight of silver and iodine. 1591 ; see Richards, T.W. 
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Baxter, G. P. and Jones, G. A revision of the atomic weight of phosphorus 298 

Baylibs, W. M. Das Wesen der Enzynwirkung (book) 1536 

Beal, G. D. See Bogert, M. T. 

Beckurts, H. Die Methodcn der Massanalyse (book) 1110 

Behrb, P Ueber einige Adsorptionserscheinungcn (book) 247 

Bell, J. M. The rate of extraction of plant food constituents from the phosphates of calcium 
and from a loam soil, 879; see Cameron, F. KL 

Bender, T. Der praktische Hochofenbetrieb (book) 1698 

Benedict, F G and Higoins, 11. I.. An adiabatic calorimeter for use with the calorimetric 

bomb 461 

Benner. R C. The rapid determination of copper, silver, cadmium and bismuth by means 

of the mercury cathode and stationary unode 1231 

Benner, R C and Hartmann, M L Rapid determinations and separations by means of the 

mercury cathode and stationary anode 1628 

Bennett, H. G The Manufacture of Leather (book). 247, see Smith, G. McP 

Benolt, F. La nlo mltallurgie, ses moyens et ses methodes (book) 1537 

Benthaus, W Ueber braunes amorplies Silieium (book) 1363 

2-BexizulacetyM’iiitronaphthol 1 and properties .* 1483 

Benzene, a dynamic method for measuring vapor pressures, 1448, 1451, 1452, heat of com- 
bustion of, 280, surface energy of 1167 

Benzene ring, Die onentierenden Kinflusse und dor Bcnzolkern (Obermiller, book) 251 

/>-Benzenesulphonatninobenzonitrile, preparation 1498 

Benzidylcamphoformenamine. .. . 1505, 1516 

Benzidylcamphoformcnaminecartx >xylic aei d 1515 

^-Benzoylaminobenzomtrile, preparation 1497 

l-Benzoylphenvl-3-methyl-5*pyrazolone, 1489, 1490, hydrochloride 1491 

Benzyhdene-wi aminodiinethylaniline 385 

Berdkl. E Emfaehcs chemisches Praktikum fur Keranuker, Glasteclimker, Metalltcchinker 

usw. (book) . 428 

Berl. Iv See Lunge, G 

Berlin, P Die Bayerische Spiegelglasindustne (book) 1363 

Bkrsch. W Ilefen, Schimnuipil/c und B.iktericn (book) 1363 

Bertelsmann, W Rechentafeln fur Bekuchtungstethniker (book) 813 

Berthrloi, und Saint -Giles, P pk T T ntersuchungcn fiber die Affimtaten Ueber Bildung 

und Zerset7iing der Aether (book) 1008 

Bekthier, A L'tVlairuge industriel (book) 1537 

Bkktlatjx, L See Uollard, A. 

Bertrand, G and Thomas, I* Guide pour les manipulations de chinue biologique (book). . 1537 

Betts. A G Bleiraffi nation durch Klehtrolysc (book) 1363 

Bibliography of i)lienvlether and its derivatives 1293 

Biedermann Do* Sprengstoffe, ihicr Cliemie und Technologie (book) 1110 

Biedekmann, R. Cheimker-Kalendar 1910 Jlilfsbuoh fur Cliemiker, Physiker, Mmeralogen. 

lndustnelle, Pharmazeuteu, Hutteniminner (book) 727 

Biltz, II Qualitative Analyse anorgamscher Substanzen (book) 247 

Binz, A. Chemisches Praktikum fiir Anfaugcr (book), 247, Kolile und Hisen. Aus Wissen- 
schaft und Bildung Einzcldarstelluug aus alien Gebieten des Wissens (book), 575, Ursprung 

und Entwicklungen der chemischcn Industrie (book) 1008 

Biochemistry of nucleic acids 231 

Biological chemistry, section of Pr 28 

Bikckenuach, L. Die Untersuchungsmetliodeu des- Wasserstoffperoxyds (book) 248 

Bikndaum, K Leitfaden dcr chem Analyse (book) 248 

Bismuth, rapid determination of, by means of the mercury cathode and stationary anode 1231 

Bismuth alloys, binary and ternary alloys of cadmium, lead and bismuth 1390 

Bitumen, grahauute, a solid native 1032 

Blanchard, A. A Synthetic Inorganic Chemistry (book) 1008 

Blanchard, W. M Laboratory Exercises in General Chemistry (book), review 1109 

Blasdalk. W. C and Cruess. W. Conditions affecting the electrolytic determination of copper 1264 
Blochmann, R Anleitung zur Darstellung chemischei; anorganiseher Praparate (book) . . . 1678 

Bloubt, M. Nouvelles manipulations de chnnie (book) 1537 

Blowpipe analysis. Elements of Mineralogy, Crystallography and Blowpipe Analysis (Moses, 

Parsons, book) 144 

B5hm, C. R. Die Fabrication der Gliihkdrper fur Gasglublicht (book) 813 

Boqert, M. T. A review of some recent investigations in the qum azoline group. 784, the in- 
stability of alloxan (note) 809 
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Bogbrt, M. T., Amend, C. G. and Chambers, V, J. Researches on quinazoliues (XXV). The 

synthesis of 6- and 7- amino-2>methyl-4-quinazolones from 4- and 5-acetaminoacetanthranils 1297 
Boqbrt, M. T.» Beal, G. D. and Amend, C. G. Researches on quinazolinos (XXVI). The 


synthesis of some stilbazoles, hydrazones and Schiff bases in the 4-quinazolone group. . 1654 
Bogbrt, M T. and Gortner, R. A. Researches on quinazoliues (XXIV). On oxalyl an- 

thranilic compounds and quinazolines derived therefrom 119 

Bogert, M. T. and Wise, L. E. Some derivatives of />-arainobenzomtrile 1494^ 

Boiling point, equation, 667; of mercury 1446 

Boiling points, common thermometnc error in the determination of, under reduced pressure, 

905 ; determination of. tinder constant conditions of even minute quantities of hquids and of 

non-fusing solids 897 

Bollknuach, H. Laboratoriumsbuch fur die Tonindustrie (book), 1537 ; Neue Massanalytischc 

Methoden zur Bestimmung von Kisen mid Blei (book) 1537 

Boltzmann, L. Vorlesung iiber Gastheorie. (2 Teile) Teil I: Theorie der Gasc nut einatomigen 
Molekiilen, deren Dimensionen gegen der mittlere Weglange versehwinden. 2, unver- 

iinderter Abdruck (book) 895 

Bomb, calorimetric, an adiabatic calorimeter for use with the, 461; elementary analysis by 

means of a 547 

Bombici, L. Mineralogia descrittiva (book) 1698 

Bornbmann, G. Stdichiometrie (book) 248 

Bornemann. K. Die binaren Metallegierungen (book) 248 

Both as, L. Massendestillation von Wasscr (book) 248 

Bottler, M. Modern Bleaching Agents and Detergents (book) 727 

Bottomlby, S. E. Photography in Principle and Practice (book) 428 

Bouchonnbt, A. Industries du plumb et du mcrcure. Bd. I. Metallurgy (book) 575 

Bourqublot, K. Le Ccntenaire du Journal de Pharniacie et de Chemie (book). . . ....... 1008 

Bowsbn. L. T. The speedy detection of potassium in small amounts (note) 78 

Bray, W. C. A source of error in permanganate titrations; preliminary note, 1204, the hy- 
drolysis of iodine and of bromine 932 


Bray, W. C. and MacKay, G. M. J, A volumetric method of determining iodide in the presence 
of chloride bromide, or free iodine, 1193, the conductance and ionization of potassium 
tri iodide, and the equilibrium between iodine, iodide, and polyiodides in aqueous solution, 
914; the equilibrium between solid cuprous iodide and aqueous solutions containing cupric 


salt and iodine 1207 

Brbckbnridge. J. E. Division of Fertilizer Chemistry (report) Pr 25 

Brbnton, B. F. P. See Tingle, J. B. ♦ 

Brochbt, A. La soude ^lectrolytique (book) 1363 

Bromic acid, reaction between liydriodic acid and, in presence of much hydrochloric acid. . . . 644 

Bromide, volumetric method of determining iodide in the presence of chloride, free iodine, or 11 93 

Bromination, of anthranilic acid, 770; of phenyl attd tolyl ethers 1285, 1286 

Bromine, hydrolysis of. 937; the basic properties of oxygen compounds with iodine and 1330 

Bromo-7~acetamino-2-rnethyi-4~guinazolone 1303 

5-Bromoacetoanthranil 772 

5-Bromo-2-aminobenZoic acid, 771; barium and silver salts and ethyl ester 772 

Bromo-7-amino-2-methyl-4-quinazolone 1303 

Bromotantalum compounds 329 

Bronzes, analysis of some Bolivian 652 

Brown, J. Der elcktriscbe Ofen in Dienste der kerarnischen Industrie (book) 1363, 1537 

Browning, P. E. See Gooch, F. A. 

Bruce, J. and Harper, H. Practical Chemistry (book) 813 

Bruner, L and Vorbrodt, J. Einiluss der LOsungsmittel auf die Verteilung der Isomeren 

(book) 813 

Bucher. Der Naturwissenschaft (book) 895 

Bucher, J. E.* The acids of the phenylpropiolic series and their condensation to naphthalene 

derivatives, 212; the constitution of retene and its derivatives 354 

Buckminster, I. H. and Smith, E. F. Electrolytic separations 1471 

Buchner, G. Die Metallfarbung (book) 1363, 1537 

Bugqe. G. Strahlungserschcinungen, Ionen, Elektronen und Radioaktivat (book) 895 

Bujwid, O. Mikrophotographischer Wandatlas der Bakteriologie (book) 1110 

Burette, an adjustable automatic, 703; for standard alkali solutions 971 

Burgess, G. K. See Waidner, C. W. 

Burgess. L. L. See Richards, T. W. 


Burghakdt, R. Praktische Anleitung zur Inbetriebsetzung Hoffmannscher Ringofen (book). . 1537 
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Butanetetracarboxylic acid, ethyl ester of * 1058 

Butterfield, W. J. A. See Leeds, F. H. 

Buzbnac. Etude sur la corrosion des metaux (book) 1537 

Byers, H. G. The chemical laboratory of the University of Washington (note) 967 

Byers, I!. G. and Darrin, M. The influence of the magnetic field on the passive state of iron. . 750 

Byrom, T. H. and Christopher, J. E. Modern Coking Practice; Including the Analysis of 

Materials and Products (book) 727 

CADMIUM, rapid determination of, by means of the mercury cathode and stationary anode. 

1231; use of organic electrolytes in separation 1251 

Cadmium alloys, binary and ternary alloys of bismuth, lead and cadmium 1390 

Calcium, revision of the atomic weight of 1577 

Calcium bromide, analysis of, 1577, determination of the relation of, to silver bromide 1588 

Calcium carbonate, thermal dissociation of 938 

Calcium in sea water 647 

Calcium phosphates, 869, rate of extraction of plant food constituents from 879 

Calcium sulphate, conductance of solutions, 56; solubility of, at high temperatures 50 

Calculations, Calculations of General Chemistry (Hale, book), 142; of analysis by means of a 

calorimetric bomb 552 

California section Pr. 59. 68, 87, 124 

Calmette, A. Recherches sur Tepuration biologlque et chimique des eaux d'6gout (book).. . 1537 
Calomel. See Mercury chloride. 

Calorimeter, 442, an adiabatic, for use with the calorimetric bomb, 461; for dilution experi- 
ments 1179 

Cameron, A. T Radiocheniistry (book), review 1106, title 1110 

Cameron, P\ K and Bell, J M. The phosphates of calcium (IV). 869 

Campbell, J. F. See Sudborough, J. J. 

Camphoric acid, derivatives of 1329 

Camphor- 0-naphthylamidic acid and salts «... 1322, 1329 

Camphoroxahc acid, derivatives of 1499 

Camphor series, molecular rearrangements m the 1061, 1064, 1068, 1665, 1669 

Candy, II C. See Luff, A. P. 

Cane sugar See Sucrose 

Cannizzaro S. (obituary of) Pr. 97 

Capaun-Karlowas Chenusch-technische Spezialitatcn und Geheimnisse mit Angabe ihrer 

Zusammensetzung uach den bevs ahrtesten Chemikern (book) 1110 

2-Carbarmo-3 amino-4-quinazolone, and hydrochloride and acetyl derivative 127 

Carbohydrates, The Simple Carbohydrates and the Glucosides (Armstrong, book) 725 

Carbon, atomic weight of, 1, 258, determination of 548 

Carbonates, .Analyse der Sihkat und Karbonat-Gesteine (Hillebrand, book) 724 

Carbon compounds, molecular rearrangements of 1333 

Carbon dioxide in sea water 648 

Carbon tetradiloride, surface, energy of 1166 

m-Carboxyphenylcamphoformenanune 1505, 1515 

w-Carboxyphenylcamphoformenaminecarboxyhc add 1504, 1514 

Cardarelli, E J. See Torrey, H. A. 

Carter, H. A. Ramie China Grass (book) 1008 

Catalase of molds 1357 

Catalysis, 423; of speed of rearrangements, 1335, cm the basis of work with imido esters 221 


Cathode, determination of indium with the use of a mercury cathode, 1248; electrolytic de- 
termination of chlorine in hydrochloric acid with the use of a silver anode and a mercury 
cathode, 1468; rapid determinations and separations by means of the mercury cathode und 
stationary unode, 1628; rapid determination of copper, etc., by means of the mercury 


cathode and stationary anode, 1231, the mercury cathode, in rapid electroanalysis 637 

Caven, R. M Systematic Qualitative Analysis for Students of Inorganic Chemistry (book) . . 248 

Ceramic ware, composition of some Greek vases 1259 

Cerite. volumetric determination of cerium in 642 

Cerium, volumetric determination of, in cerite and monazite 642 

Ckttolini. S. Distillazione del vino ed utilizzazione dei residui della vinilicazione (book)... 1110 
Chambers, V. J. See Bogert. M T. 

Chamot, E. M. and Pratt, D. S. A study on the phenolsulphonic add method for the de- 
termination of nitrates in water (II) 630 
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Chapin, W. H. Halide bases of tantalum . . . . 323 

Chaplet, A. See Rousset, H. 

Chaplet, A. and Rousset, H. Les succedands dc la soie. Les soics artificielles (book), 248, 1698 
Chartjer, M. Etude sur la production du caoutchouc dans les colonies Frangaises (book).. . 1110 
Chblla. S. See Battclli, A. 

Chemical constitution, of retene and its derivatives, 374; relation between, and the optical 

rotatory power of the sugar lactones, 338; relationship of color and fluorescence to 189 

Chemical education, section of Pr. 27 

Chemical reagents, a contribution to the history of 779 

Chemical theory, The First Principles of Chemical Theory (Mafhewson, book) 143 

Chemistry, A Course in Inorganic Chemistry for Colleges (Newell, book), 725; Anleitung zum 
Experimentieren in der Vorlesung iiber orgamsche Chemie (Rupc. book), 141; Division 
of Organic Chemistry, Pr 25, 104, Division of Pharmaceutical Chemistry, Pr. 27, 105; 
Division of Physical and Inorganic Chimistry, Pr. 23, 103, Einfuhrung in die allgemeine und 
anorganische Chemie nuf elementare Grundlagc (Smith, book), 426; Kinftthrung in die 
Chemie. Ein Lehrbuch fiir h oh ere Lehranstalten und zum Selbstunterricht (Ostwald, book), 

722; Elementary Modern Chemistry (6stwald, Morse, book), 574; First Year Chemistry 
(Segerblom, book), 139; General Chemistry for Colleges (Smith, book), 427, General In- 
organic Chemistry (Baskcrville, book), 240, History of Chemistry (Thorpe, book), 1693; 
Introduction to Physical Chemistry (Jones, book), 722; Laboratory Exercises in General 
Chemistry (Blanchard, book), 1109; I^eitfaden fiir den Unterricht in der anorganischcn 
Chctnic didaktisch bearbeitet (Sperber, book), 1$34, Neuere Anschaungcn auf dem Gebiete 
der anorganischen Chemie (Werner, book), 1695; Notions fondatnentalcs de chitnie or- 
ganique (Moureu, book). 1362; outline of a theory of organic chemistry founded on the 
law of entropy, 990, Outlines of Organic Chemistry (Moore, book), 1108; Physical Chem- 
istry for the Electrical Engineers (Morgan, book), 1534, recent advances in organic chem- 
istry (review), 410; Recent Advances in Physical and Inorganic Chemistry (Stewart, book), 

574; The Fundamental Principles of Chemistry (Ostwald, book), 572; recent work in bio- 


logical chemistry, (review) 704 

Chbsnrau, G Theoretical Principles of the Methods of Analytical Chemistry Based upon Chem- 
ical Reactions (book) t ... 1110 

Chicago section Pr 4, 56, 67, 80, 92. 122, 128 

Chloral-aniline, condensation of some primary aromatic amines with 973 

Chlorides, volumetric method of determining iodide in the presence of bromide, free iodine or. . 1193 
Chlorine, atomic weight, 1, 4, 225, 1113; electrolytic determination of, in hydrochloric add 
with the use of a silver anode and a mercury cathode. 1468; influence of. upon the determi- 
nation of nitric nitrogen 756; in sea water 648 

Chlorobenzene, surface energy of 1167 

j>-Chloropheny lcamphoformcnamine 1 504 . 1513 

^-Chlorophenylcamphof ormenaminecarboxylic acid 1 503 , 1512 

Chlorotantalum chloride. 330 

Choline, preparation of, and some of its salts 128 

Choline acetate 129 

Choline dihydrogen phosphate 130 

Choline salts, bactericidal properties of lecithins and 130 

Choline sulphate 129 

Chowlson. O, D. Traitd de physique (book) 1537 

Christiansen, C. and Miller, J. J. Elemente der theoretischen Physik (book) 1363 

Christopher, J. E. See Byrom, T H. 

Chromium, atomic weight of .2, 261 

Cxllakd. See Masselon, R. 

Cincinnati section Pr. 7, 47, 60, 68. 82, 88, 129 

Ctnnamidene-m-aminodimethylaniline 386 

Clare, C. M. Red lines for a balance scale (note) 884 

’Clare. D. Gold Refining (book) 428 

Clare, E. D See Sherman, I-I. C. 

Clares. F. W. A Recalculation of the Atomic Weights (book), 1110; seventeenth annual 
report of the Committee on Atomic Weights Determinations published during 1909, 255; 

Stanislao Cannizzaro (obituary) Pr. 97 

Clarke, F. W., Thorpe, T. E,, Ostwalp, W. and Ukbain, G. Report of International Com- 
mittee on Atomic weights 1 
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Clbnnbll, J. E. The Chemistry of Cyanide Solutions Resulting from the Treatment of Ores 

(book) 813 

Cleveland section Pr. 8 

Clowes, E. and Coleman, J B. Quantitative Chemical Analysis Adapted for Use in the 

Laboratories of Colleges and Schools (book), review 244, title 248 

Cobalt, electrolytic determination of, 1632, new volumetric method for 757 

Cobleniz, V. A Manual of Volumetric Analysis (book, review) 1693 

Codounsky, E. Bierbratierei (book) 1008 

Cohn, L. Chemistry in Daily Life (book) 248 

Coke, action of, on solution of ferric chloride . . 540 

Coleman, T. B See Clowes, F. 

Colbs-Pinch, W. Water, its Origin and Use (book) 1537 

Colligative properties of a solution 496 

Collis, E. L Lead Smcltmg (book) ... . 1363 

Colloidal solutions. Die Methoden zur Herstellung kolloider Losungen anorganischcn Stofle 

(The Svedberg. book) 146 

Colloids, BeitrSLge zu eirnr KoHoid-chemie des Lebens (Liesegang, book), 1535, KLolloidchcmische 
Beiliefte (Ostwald, book) , some colloid chemical aspects of digestion, with ultramicro- 

scopic observations . . . 680, 245 

Color, cause of, in organic compounds. 795; constitution and, 419, relationship of fluorescence 

and, to constitution 189 

Color change, relation between the, of indicators and the hydrogen mil concentration 822 

Colorimetry. See Analysis 

Colors, Das Radium und die Farben ,'!)< tiler, book) 724 

Columbus section Pr. 91. 128 

Composition of some Greek vases . . . . 1259 

Compound, . . 88 

Condensation of some primary aiomatic amines with chloral-aniline, 973; of the acids of the 

phenylpropiohc series to naphthalene derivatives 212 

Condensation products of mellitic acid with metaumiuophenol 189 

Conductance, equivalent conductance of ammonium chloride, etc, 161ff; of ammonium acetate 
solutions at 18, 100 and ISO®. lf>5, at IS, 218 and 306°, 171, of potassium tri-iodide, 914; 

of saturated solutions of silver chloride, barium suiphate and calcium sulphate 53ff. 

Conductivity of some concentrated aqueous solutions at zero 946 

Cone, L II Some recent advances 111 organic chemr try (review) 410 

Congress of Applied Chemistry, Eighth International . . ... . . . . . .Pr 75 

Coninck, \V O pi: Cours de cb lime minerale (book) 1010 

Conrad See Pick 

Convolvuhnohc acid m jalap resm 

Cook A N, Phcnvl ether und some of its derivatives 

Coops. G II. Ubersichthche Dorstcllung des zweiteti Hauptsatzes der Tliermodynamik und 

der daraus herzulcitenden Kolgen (book) . . 

Copper conditions affecting the electrolytic determination of, 1264; rapid determination of, by 

menus of the mercury cathode and stationary anode 

Copper iodide, the equilibrium between solid cuprous iodide and aqueous solutions contain- 
ing cupric salt and iodine 

Copper salts, the equilibrium between solid cuprous iodide and aqueous solutions containing 

cupric salt and iodine . 

Cokdkiro, F .1 B The Atmosphere, its Characteristics and Dynamics (book) 1008 

Corliss, H. I*. See Parsons, C L. 

Cornell section Pr 5, 57, 66, 87, 93 

Corrections 79, 1 63 6 

Corson, H P See Parsons, C L 

Couturat, L,, Lorenz, R and Ostwald. W. International Language and Science (book). ... 1110 

Crato. E Massanalyse (book) 248 

Ckeuss, W. See Blusdalc, W. C 

Crinon, C. Revue des medicaments nouveaux et de quelques meditations nouvelles (book). . 1363 

Crookes, Sir William. On .Scandium (book) 1537 

Crystallization of hydrazine dioxalate 584 

Crystallography, Elements of Mineralogy, Crystallography and Blowpipe Analysis (Moses, 

Parsons, book) 144 

Cucurbitol 90 367 

Cuprous nitrate, preparation of a 972 

Curtiss. R. S. The cause of color in organic compounds 795 

Curtis, R. W. See Baskerville, C. 
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Curtman, L. J. Some new double arsenates. . . . . 626 

Cushman. A. S. and Gardner. H, A. The Corrosion and Preservation of Iron and Steel 

(book) 1110 

7-Cyano-2-methyl-4-quinazolone . 1305 

£»Cyano-oxanilic add, methyl and ethyl esters. 1498 

DAMMER, O. Chemische Technologic der Neuzdt (book) 1537 

Dannbman, F. Leitfaden f(ir den Unterricht im cheinischen Laboratorium (book) 248 

Darrin, M. See Byers, H. G. 

Davenport, A. L. The estimation of small quantities of nitrogen by Pelouze's reaction 1237 

Davidge, H. T. Optical Instruments Simply Explained (book) 1008 

Davis, A. C. Portland Cement (book) 248 

Davis, F. M. New normal solution and reagent bottle (note) 1277 

DbIoATTRR, S. See Macar, J. de. 

Delbruck, M. Illustiicrtes Brauerei-Lexikon (book) 1537 

Dbnnbrt. E. Das chemische Praktikum (book) ......... 1363 

Dbnnstbdt. M. Anleitung zur vereinfachten Elementar analyse fiir wissenschaftliche und tech- 

nische Zwecke (book). 1537; Die Chemie in der Reclitsflege (book) 1008 

Density, of saturated calomel vapor, 1549, of saturated mercury vapor, 1549; of sea water, 648; of 

silver phosphate, 314; of tantalum chloride, 1131 

Dbnz. F. Die Holzverkohlung und der Kohlerdbetrieb (book) 248 

Derick, C. G. Molecular rearrangements of carbon compounds, 1333; see Noyes, W. A. 

Dbsalmb, J. and Pierron, L. Couleurs, pdntures et vernis (book) 895 

Dbsch, C. H. Metallography (book) 1008 

Dessau. Die physikaliseh-chemischen Eingenschaften der Legierungen (book) 81 

Devaud, M. See Rivals, P. 

Dewey, F. P. The solubility of gold in nitric add 318 

2.4- Diacetaminobenzohydrazide 1309 

2.5- Diacetaminobenzoic actd 1300 

2 .4- Diacetamino-r<rc.-butylbenzamide 1306 

Diacetyhpurganol 89 

3.4- DiaminobenzonitriIe * 1498 

3.6- Diamino-9-hydroxyxanthylbenzene-2-carboxylactone 3,4,5, 6-tetracarboxylic acid, and potas- 

sium and silver salts 197, 198 

3.7- Diamino-2-methyl~4-quinazolone 1310 

rym-Di-(3-amino-4-quinazolone-2 -carboxylic add) hydrazide T 126 

Diastatic power, methods for the determination of 1073 

Dibenzylamine camphoroxalate 151* 

3.5- Dibromoacetoanthranil 773 

3.5- Dibromoaeetoanthranilic acid 773 

3.5- Dibromo-2-aminobenzoic add, 772; silver salt and ethyl ester 773 

Dibromo-m-tolyl ether 1287 

Di-^-chloroaniline 3,6-dichlorophthalates 1320, 1323 

3.6- Dichlorophthalanil, preparation of, and of 3 ,6-dichlorophthalophenylamidic add 1324 

3.6- Dichlorophthalic add, derivatives of 1323 

3.6- Dichlorophthalophenylamidic add 1324 

Dickmann, K. Der basische Herdofenprozess (book) 248 

Di-/>-cyano-oxanilide, 1498 

Dietetics, A System of Diet and Dietetics (Sutherland, book) 145 

Dietrich, H. Untersuchungen fiber die bei der Elektrolyse von Nickelsalzen auftretenden 

periodischen Erscheinungen (book) 1537 

Diffusion phenomena of the alums 1378 

Digestion, some colloid-chemical aspects of, with ultramicroscopic observations 680 

f-Dihydrohydroxycampliolytic add 1669, 1673 

Dilling. W. J. Atlas der Krystallformen und der Absorptionsb&nder der H&mochromogene 

(book) 1698 

Dilution, of add solutions, heat of 1176 

a, a'-Dimethyladipi c adds, synthesis of, and separation of the racemic add into optical 

isomers 1057, 1060 

Dimethylbutanetetracarboxylic add, ethyl ester of 1059 

2,5-Dimethylcydopentanone, preparation of 1065 

Dimethylphenylethylamine, 761, 766; salts 767 

Dimethylpyrone. compounds of, and the halogen hydrides 542 

Dimethyl sulphate, alkylations with 761 
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Dinitro-7- acctatnino-2-methyl-4-quinazolone 1303 

Dimtrohydroquinone, estimation of the intensity of acidity and alkalinity with 687 

2# 4-Dinitro-/>'i>heiKJxybenzoie acid and silver salt 1291 

2.4- Dinitrophenyl ether and derivatives „ 1291 

2.4- Diiiitrophenylcthersulphouic acid and barium salt . 1292 

Dinsmokr, S. C. Sec Jacobson, C. A 

Dissociation, thermal, of calcium carbonate 938 

Dissociation equilibrium. Sec Equilibrium 

Distillation, quantitative, of ammonia by aeration 689 

Di-w toluidinc-3,6-dichlorophthalates 1320, 1323 

Dodecamcthvl - 3,3',3*,6,o',6" - hexamino - 9, 9', 9* * tiihydroxy - sym - trixanthylbenzene - 2,4,6 - 

tricarboxvlactone, 205, hexahvdroclilondc of 206 

Dedeeamethyl - 3,3'.3'V>.6',6' r - hexummo - 9, 9', 9" - trihydroxy - tym - trixanthylbenzcne - 2,4,6 - 

tricarboxylic acid, ethyl ester trichloride 207 

Dolter. C Das Radium uud die I’arben (book), review 724, title 248 

Donat 11 , R. Ucber dcti 1'rsatr des Schwcfchvasserstoffs m dor qualitativen chcmischen Analyse 

(book). . . 248 

Dorsrt, F. M. Division of Agricultural and Food Chemisty (report) Pr. 25 

Dover, M. V. See Holmes, M K 

Dox, A W The cat dase of molds 1357 

Drying, apparatus b>r drying flasks, etc 650 

Dunoux, M Contribution . 1 1’anoRse physicochemique des vins (book) 1008 

Duclaux, J Da ihnnic dc mutii-re vivantc (bonk) 1363 

Dudley, C H (obituary of), Pr , 48, icsolutions on death of Pr. 32 

Duiiawel, O, I/acide th> miruque (book) 1537 

Duhem, P Thenuodviiainque ct clnmie (book) 1110 

Duparc P I. ami It asa donna. M Manuel thtfonque el pratique d’analvse volum^trique (book), 

review 812, title . 727 

Durked. F \Y Experiments 111 General Inorganic Chemistry (book) 575 

Dyer, P> Fertilizers and Feeding Stuffs (book), 1363, see Spear, E. B. 

E, A SPICY, C \V The* atomic weight of mercury (II) 1117 

Eastern Wu York section ... Pr 44, 61, 67. 81, 93. 122. 130 

Khrs\m. II Fabrication des huilcs minthrales et pvrogenees (book) 813 

JCkeli.\. J 11 Note on the paper entitled “Some Organic Tungstates” (note) 541 

Elcctioanalysi ‘1 character of silver deposits from \anous electrolytes, 1571 , electrolytic deter- 
mination of zinc. 510, 533; t Kctndytic separations, 1 171; rapid determinations and separa- 
tions bv means of the meretirv cathode and stationary anode, 1628, the mercury cathode in 

rapid . . . . . . . ... . . 637 

Electrode, effect of different forms of, upon the rate of deposition of copper, 1264, potential of 

the sodium, 1460, potential of the thallium 732 

Electrolytes character of silver deposits fiom various, 1571, use of organic, in cadmium separa- 
tion , . . 1251 

Electron conception of valence 1637 

Ellis. 1> Outline of Bacteriology (fichtncal and Agricultural) (book), review' 726; title .... 727 

Els den, J V. Principles of Chemical Geology (book), review 1535; title 1537 

Ki.vovrt, E. Further studies on the application of the Volhard method to the estimation of 

alkaloids 132 

Emery, F. B. Elementary Chemistry (book) 248 

Emmerich, G II. texikon fur Photographic u Reproduktionsti ckuik (book) 1008 

ICnde, C L VON. See Lewis, G N 

Ennis. W D Linseed Oil and Other Seed Oils (book) 895 

Entropy, outline of a theory of orgnuic chemistry founded on the law of 990 


Equilibrium between iodine, iodide and polviodidcs in aqueous solution, 914; between solid 
cuprous iodide ami aqueous solutions containing cupric salt and iodine, 1207; chemical, 486, 
668; does calomel furnish another contradiction of the theory of heterogeneous dissociation 
equilibrium? 187; heterogeneous equilibria between aqueous and metallic solutions. 502; 
in the system: potassium iodide, iodine and aqueous alcohol, 1367 ; the potential of iron calcu- 


lated from equilibria measurements 1214 

Erbbn, F. Vergiftungen, Klinischer Teil, 2 Ilalftc: Die organischen Gifte (book) 1537 

Erdmann, H. Die Fixicrung des LuftstickstofTs und ihre Bedeutung filr Ackerbau und Industrie 

(book), 248; Lehrbuch der anorganischen Chemie (book) 1363 

Escalrs, R. Chloratsprengstoff e (book) , 1698; Die Ammonsalpetersprengstoffe (book) 428 


Escard, J. La fabrication Gectrochimiquc de l’acide nitrique et des composes nitres & Paide 
des 616mcnt$ de Pair (book), 428; Lcs matifercs abrasives industrielles (book), 895; Les m6taux 
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8p£daux manganese, clirome, silidum, tungstfcne, molybdfene, vanadium, et leurs composes 

m£tallurgiques industriels (book) 895 

Esch. W. See Heil, A. • 

Esterases, deviation of ferment action from the monomolecular law with special reference to the. 1517 

Esters, imido, catalysis on the basis of work with 221 

Ether, surface energy of 1165 

Ether thioureas and their relation to pseudoammonium bases 1279 

Ethoxalylanthranil 122 

Ethoxalylanthramlic add 121 

Ethyl acetate, surface energy of 1168 

Ethyl alcohol, surface energy of 1170 

Ethyl tamiatc. 1312 

Euler , H. Allgemeine Chemie dt*r Enzyme (book), 1110; Grundlagen und Krgebnisse der 

Pflanzcnchetnie (book) 248 

Evans, W. W See Parsons, C. L 

Ewell, A. W. A Text-Book of Physical Chemistry : Theory and Practice (book) 428 

Ewing. J. A. Die mechanische K&lteerzengung (book) 1363 

Exnek, F. Ueber Radiumforschung (book) 1698 

Extraction apparatus 1533 

FAI.K, K O. Transference experiments with tliallous sulphate and lead nitrate, 1555, see 
Noyes, A A, 

Falk, K G and Nelson, J. M The electron conception of valence 1637 

Farrell, F. J. Dyeing and Cleaning (book) 1111 

Fats, the determination of the acid value of crude fat and its application in the detection of 

aged foods 568 

Fauvelle La physico-chimie (book) 1537 

Fayol, A. Lc caoutchouc (book) 428 

Feces, preservation of 1683 

Fehling’s solution / 779 

Feit, W XTeber die Darstellung des Chlorkalmms aus llartsalz (book) *. 575 

Fblsen. F Der Indigo und seine Konkurrenten (book) 248 

Felt, W Ueber die Darstellung des Chlorkalmms aus llartsalz (book) 248 

Fenton, H. J H Outlines of Chemistry with ITactical Work (book) 248 

Fbrchland, P. Die elektrocliomischen Patentschriften der Vereinigiten StaatBn (book) . . 1008 
Ferment action, deviation of, from the monomolecular law with especial reference to the ester- 
ases 1517 

Fkrmum. Die Legierungen (book) 428 

Fernau, A. Praktische Pharmazie (book) 575 

Ferrari, D, II trattamento naturale ed artificiale delle ucque de fonga. secondo i moderni 

sistemi di epurazione biologica (book) 1009 

Ferric ammonium alum, diffusion of 1381 

Ferric ammonium arsenate 628 

Ferric chloride, action of coke on solutions of 540 

Ferric formates 953 

Ferrous salts, titration of, in the presence of hydrochloric and phosphoric acids 539 

Fertilizer chemistry, division of Pr. 25 

Fbss, F and Stbyer, G. A Reconnaissance of the Gypsum Deposits of California (book). . . . 1363 

Fichtbr, F. Uebungen in quantitativer chcmischer Analyse (book) 249 

FidcHBR, B, Kurzgefasste Anleitung zu den wichtigeren hygienischen Untersuchungen (book), 

1363, Lehrbuch der Chemie fur Pharnrazeuten (book) 249 

Fischer, E’ Introduction to the Preparation of Organic Compounds (book) 428 

Flamand, J. La chimie et la bact^riologie du brasseur. Hannut. (book) 727 

Flasks, apparatus for drying 650 

Fleck, C. Photokeramik (book) ‘ 1111 

FypMiNG, L. A, Practical Tanning (book) 1111 

jEmbrescence, relationship of color and, to constitution 189 

Fobrster, F. Beitrage zur Kenntniss des elektrocheraischen Verhultens des Eisens (book) .... 249 # 

Foltzer, J. La soie artificielle et sa fabrication (book) 895 * 

Foods, composition of some Bengali food materials, 558, determination of the acid value of crude 

fat and its application in the detection of aged foods * * 568 

Foot, F. N. Baking Powder and Other Leavening Agents (book) 575 

Foote, II. W. On the formation of double salts 618 

Forbes. A. See Henderson, L. J. 

^-Formaminobenzonitrile, preparation 1496 
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7 -For mamino-2 -methyl 4-quinarolone 1304 

Formates, ferric 953 

Forrest. L R. See Gill, AH. 

Foster, C Leneve Treatise on Ore and Stone Mining (book) 1009 

Foster, W. The composition of some Greek vases. ... 1259 

Fowler, A. The Spectrum of Magnesium Hydride (book) . . . . 428 

Frank, M. KRufni&nnisehes Ilandbuch des Photogruphen (book)... .... . 1363 

Franke, G. Ilandbuch der Brikettbereitung (book) . .. ... 1111 

Franke, H. Die pflanzlichen Gerbstoffe Ucbersicht iiber Vorkommen. Eigcnschaften, Gewin- 

nung und Anweiidung der wichtigeren pflanzlichen GerbstofFe (book). . . 895 

FkankI'ORTer, G. B . Rokhrich, V 11. and Manuel, K V t . The reaction between ammonium 

chloride and potassium dichromate when heated. . ... , . 178 

Franklin, K. C The instability of alloxan (note) ... . . <. . 1362 

Freezing-point equation .... 666 

Freezing-point lowering, mol numbers den ved from . 1011 

FrjGmont, C Hssais des fers et des aciers par corrosion (book). . . . 1537 

Fresenius, II. Chemist he Tntcrsuclmng der Georgen-, Manen-, Wiesen, Mananncn- und 

Friednchs-Quelle zu Bad ban deck (book) . , 1009 

Frick, J Physikalische Teihnik oiler Anleitung zu Kxperimental-vortriigen, sowie zur Sclbst 

hersttllung einfachcr Dcmonstrationsappai ate (book) .. ... . 727 

Friedmann, H . See Goldberg, I 

Friicprich, K Mittedungen aus dern Tnstitut fur Met allographs und Probierkunde an der 

kgl. slichs Bergakadcnue Freiberg (book) . . .... 1698 

Friend, J. N. An Introduction to the v_ncimstrv of Paints, with Diagrams (book) . . . 1537 

Fries. J A Electric combustion furnace foi methane determination .. . 949 

Friesk, W Tabellen zur ErnnUellung der freien Saure. sowie der fliichtigen und mchtfluchtigen 

Sauren in Worn (book) . . . 575 

Fritsch, J Fabrication des engrais clumiqucs (book), 249, Fabrication du chocolat (book) 895 

Frchiner, K I ehrbuoh der Toxikologie fur fierarrte (book) . . . 1 5o3 

Fructose, protective action of, against the dcstiuction of invertase . . . 988 

Fucose. partial stereo- configurations of . . ... 345 

Fugautv-m tivitv s vs tern of I cuts 664 

Furmue, electric combustion for methane determination .. . . . ... 949 

GA.DAMKR, J Lehrbuch det chemischen loxikologie und Anleitung zur Ausmutelung der 

Gifte, fiir Chemiker, Apotlieker und Medmner (book) .... . 249 

Gajdeczka, J LernstofT aus der Phvsik und ('home fur T.ehramtskaudidaten (book) 727 

d-Galactoso, st ci co configuration of . .... 344 

Gallotamuc acid . . . ... . ... . , 1313 

Gardner, II A Sec Cushman, A S. 

Garrett, A E The Periodic Law (book) . . 42S 

Gakrod Thomas. R N See Ui< hards, T. 

Gar ton, F K A High School Course in Physics (hook) . . 1537 

Gases, inert, atomic weights .. , ... , 1115 

Geislir, E See Moeller, J 

Gemmel, G H Chemical Notes and Equations Inorganic and Organic (book) . . 428 

Gentme, J G I.ehrbmh dor Farbenfabnkat 1011 (book) . ... . 249 

Geography , Neuvifcme Congrts International tie G<?ogi»ipliie (book) ... . 811 

Geology. Principles of Chemical Geology (Elsdcn, book) ... 1535 

Georgia section . . . . . . ... . . Pr 7, 94, 129 

Gkrkr, O Repctitorniin der pliarniazeutischen Chenuc (book) . . 249 

Gert ach, V Phy siologische Wirkungen der Bcnzocsaurc und des benzoesauren Natrons (book) 575 
Getman, T* H x\n Introduction to Physical Science (book), review 142, title . 575 

Gibus, O W. (obituary of) .Pr 69 

Gibbs, W. M Spices and How to Know' Them (book) 428 

Gibbs medal, rules for the award of . . . IT 120 

Gieskn, W. Spezialst tilde in Theorie und Praxis (book) . . 249 

Gilo, E Lehrbuch der Plmrmakognosie (book) 1009 

Gill, A. H. and FoRREfiT, L R The hydrocarbons of the wool grease oleins 1071 

Gxssing, C E. Spark Spectra of the Metals (book) * 1537 

Gissing, F. T Commercial Peat; Its Uses and Possibilities (book) 428 

Glascock, B. L. Metallic strontium 1222 

Glazes, analyses of ancient black and red * 1259 

Glikin. W. Biochemisches Taschenbuch (book) 249 

rf-Glucose, stereo-configuration of 344 
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Glucosides, The Simple Carbohydrates and the Glucosides (Armstrong, book) 725 

Gmelin-Kkaut, New Edition of Gmelin-Kraut's Handbook, Pr., 76; Handbuch der anorgan- 

ischen Chemie (book) 1009 

Godfrey, H. Elementary Chemistry (book). 249 

Gobssmann, C. A. (obituary of) Pr. 131 

Gobttler, H. Praktische Destillateur-Kursus (book) 576 

Gold, solubility of, in nitric acid 318 

Goldbaum, J S and Smith, E. P. The electrolytic determination of chlorine in hydrochloric 

acid with the use of a silver anode and a mercury cathode 1468 

Goldberg, I and Friedmann, H. Die Sulfosiiuren des Anthrachinons und seiner Derivate 

(book) 576 

Gooch, F. A. and Browning, P. E. Outlines of Qualitative Chemical Analysis (book) 428 

Gortnbr, C V. and R. A. The stereomeric azobenzenos 1294 

Gortner, R. A. See Bogert, M. T. 

Gottlieb, R. See Meyer, H. 

Graffigny, H. db. La mltallurgie glectrique (book) 249 

Grahamite, a solid native bitumen 1032 

Greaves, J. E. See Stewart, R. 

Grebe. Spektroskopie (book) 727 

Grbdinger, W. See Stift. A. 

Greenlee, A. D. See Pennington, M. E. 

Grbbk, W. J. Industrial Diseases and Accidents (book) 727 

Gregorius, R. Erdwachs, Paraffin, und Montanwachs, deren Darstelluug und Verwendung 

(book) 428 

Greinachbr, H. Die neueren Strahlen. Radium -Str ah len, Katlioden-. Kanal-, Anoden-, 

R&ntgenstrahlen. In lcichtfasslichen Einzeldarstellungen (book) 428 
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Lodin, Note sur la fabrication 6iectrolytique de P aluminium (book) 1538 

Lojeb, M. Oliver Wolcott Gibbs (obituary) Pr. 69 

Lobb, M. and Morey, S. R. Analysis of some Bolivian bronzes 652 

L0b, W. Einftihrung in die chemische Wissenschaft (book) 250 
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Macar, J. de and Delattrk. S Lcs explosifs militaire9 violents (book) 1364 

McCay, L. W. The analysis of tin-antimony alloys 1241 

McClung, R. K. Conduction of Electricity through Gases, and Radioactivity; a Text-book 

with Experiments (book) 728 

McCrackan, R. F. See Metzger, F. J. 

McDermott, F. A. The preparation of platinum black 336 

MacEwbn, H. A. Food Inspection. A Practical Handbook (book) 728 

Macfarlane, W. Laboratory Notes on Iron and Steel Analysis (book) 250 

McGrkgory, J. F. A Manual of Qualitative Analysis (book), review 243, title 429 

Mach, E. Populiirwissenschaftliche Vorlcsungen (book) 1538 

McIntosh, D. The basic properties of oxygen- compounds of dimethylpyrone and the halogen 

hydrides, 542; compounds with bromine and iodine 1330 

McIntosh, J. G. Indiarubber and Gutta-Percha ('book) 1009 

MacKay, G M. J. See Bray. W. t\ 

McKee, R. H Division of Organic Chemistry (report) Pr. 25 

MacKnight, E F. Fertilizer and Acid Plants (book) 429 

McMaster, Le Roy. See Reiser, E. H. 

McMillan, W. G A Treatise on Electrometallurgy (book) 1538 

MacRae. D. vSee Mills. J K. 

Makblt, E. Die Stromerzcugung durch fallende Tcilchen in Fliissigkeiten und der absolute 

Nullpunkt des Potentials (book) 1111 

Magnesium, action of, upon the vapors of organic compounds, 388; in sea waj^r 647 

Magnetic field, influence of, on the passive state of iron # 750 

Manganese, new volumetric method for the determination of, 1250; colorimetric determination 

of, in presence of iron 965 

Mann, H. Die moderne Parfumerie (book) 728 

Mannheim, E. Toxikologische Chemie (book) V » 814 

Manning, R. J. Ethyl tannate 1312 

d-Mannose, stereo-configuration of 344 

Manuel, E. V. See Frankforter, G. B. 

Mark, O. Das Trocken u. die Trockner (book) 1009 

Marsh test 518 

Masing, G. Ucbcr die Bildung von Legierungen durch Druck und fiber die Rcactionsfahigkeit 

der Metalle im festen Zustande (book) 1538 

Mason, W. P, Examination of Water (Chemical and Bacteriological), (book) 1364 

Masselon, R. and Cillarp. Le celluloid, fabrication, applications, substitute (book) 1699 

Mathers, F. C. The preparation of perchloric acid from sodium perchlorate. 66 

Mathewson, C. H. The First Principles of Chemical Theory (book), review 143 

Mauraln, C. Les 6tats physiques de la matifere (book) 1538 

Meat, an application of the Folin method to the determination of the ammoniaca! nitrogen in. . 561 

Medal, rules for award of the Willard Gibbs medal Pr. 120 

Medicus, L. Einleitung in die chemische Analyse (book) 1538 

Mess, C. E. K. An Atlas of Absorption Spectra (book) 251 

Meigen,. W. Uebungsbeispiele zur quantitativen Analyse (book) 728 

Mblcher, A. C. The solubility of silver chloride, barium sulphate, and calcium sulphate at 

high temperatures 50 

Mellitic add, condensation products of, with w-aminopbenol 189 

Mbllmann, P. Chemie des tUglichen und wirtschaftlichen Lebens (book) 1009 

Members deceased Pr. 8, 47, 61, 69, 82, 94, 97, 113, 131 

Members elected Pr. 1, 40, 51, 63, 77, 83. 89, 95, 110, 113, 121, 125 

Mbndbl£bp. D. Versuch einer chemischen Auffassung des Weltathers (book) 1538 

Mxngarinx, Traubs, M. and Scala, A. Ueber die chemische Durchlftssigkeit tebender Algen- 

und rrotozoenzellen fiir anorganische Salze und die spezifische Wirkung letztercr (book) . . . 429 

Mbnzzbs, A. W. C. A convenient form of apparatus for the measurement of the vapor densities 
of easily volatil substances, 1624; a method for determining the molecular weights of dis- 
solved substances by measurement of lowering of vapor pressure, 1615; see Smith, A. 

Mercury, action of thionyl and sulphuryl chlorides on, 184; atomic weight of, 2, 263, 11 17; boiling 
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point of, 1446; density of saturated vapor, 1549; heat of solution of sodium in, 1466; purifica- 
tion of, 971 ; redetermination of the vapor pressures of, from 250-435°, 1434, 1439; solubility 

of calomel vapor in 1534 

Mercury cathode. See Cathode. 

Mercury chloride, density of saturated calomel vapor, 1549; does calomel furnish another con- 
tradiction of the theory of heterogeneous dissociation equilibrium? 187 ; quantitative study of 

the constitution of calomel vapor, 1541; vapor pressures of calomel 1546 

Mercury oxide, action of thionyl and sulphury 1 chlorides on mercuric oxide 184 

Metallography, Metallographie: E 111 Ausfdhrliches Lehr- und Ilandbucli der ^Constitution und 
der physikalischen, chenuschcn und techmschen Eigetischaften der Metalle und metallischen 

Legierungen (Guertler, book), 246; The Elements of Metallography (Ruer, book) 246 

Metals, adiabatic determination of heats of solution of, in acids, 431, 1176, heat of solution of, 

in concentrated acids, 452; retention of arsenic by 519 

Methane, electric combustion furnace for determination of. , 949 

Methoxalylanthranil 121 

Methoxalylantliranilic acid 120 

Methoxycamphoroxalic acid, methyl ester 1508 

2-*R-Mcthoxy-/>-liydroxystyryl-4-quinazolone 1 658 

Methyl alcohol, surface energy of 1170 

2-Methyl-3-benzalamino-4~quinazolonc and hydrochloride 1659 

2- Mcthyl-3-cinnamalaimno-4-qumazolone 1660 

4-Mcthyl-2',4'-dimlrophenyl ether, and its sulphonic add derivative, 1289, salt c of the latter. . . . 1290 

Methyl formate, surface energy of. 1168 

Methyl- 0-nitro jjhen y leth yd amine 768 

3- Methyl“4-quinazolonc-2-carboinethvlamide 124 

2-Mcthyl-3-salicalamino-4-quinazolone. and potassium salt and hydrochloride 1661 

Methydsulphuric acid, phenylethylammouium salt of 766 

2-Methyl-3 vatiillalumino-4-quinazolone . . . 1661 

Metzger, F. J. and Heidelbergkk, M. The volumetric determination of cerium in cerite and 

monazite 642 

Metzger, F. G and McCrackan, R. F A new volumetric method for the determination of man- 
ganese 1250 

Mbtjsel, E. Die Matcrie der clienuschen Elcmcntc und das Wcscn dcr chenuschen Reaction 

(book) 1538 

Meyer, D Die Kalk und Magnesiadiingung (book) 1111 

Meyer, F. Die Technik der Verbrennung und Encrgiegewinnung aus stadtischen Abfallstoflfen 

(book) 1538 

Meyer, G Chenne und landwirtschaftl. Ncbengcnwcrbc (book) 1365 

Meyer. H. und Gottlieb, R Die experimentelle Pharmakologie als Grundlage der Arzneibc- 

handlung (book) 1009 

Meyer, J. Die AUotropie der chenuschen Elcmcntc (book) 1009 

Meyer, W Ausgewahltc Kapitel iiber Cliemie (book) 251 

Michael, A Outline of a theory of organic chemistry' founded on the law of entropy 990 

Michaelis, L. Dynamik der Oberflachen. Eine Einfuhrung in biologische Oberflachenstudien 

(book) 251 

Michaelissen Der Erh&rtungspro/ess dcr kalkhaltigcn hvdrautischen Bindemittel (book).. 251 

Michel, F. Ueber die Reaktion zwiselicn Sulfur vlchlorid und Ammoniak (book) 1699 

Michigan section Pr. 130 

Mib, G. Lehrbuch der Elektrizitht und des Magnetismus (book) 1365 

Milk, action of heat on 391 

Miller. J. B. Glas&tzerei (book) 251 

Mills, J. E. and MacRae, D. On surface energy and surface tension 1162 

Milwaukee section Pr. 7, 59. 81, 86. 112 

Mindbs, J. Selbsbereitung pharmazeutischer Spezialit&ten (book) 429 

Mineralogy, Elements of Mineralogy, Crystallography and Blowpipe Analysis (Moses, Parsons, 

book) 144 

Mineral oil. See Petroleum. 

Minkowski, E. Ueber das Verhalten ciniger aromatischer Kssigsaure- und Glykollderivate tier- 

Ischen Fermenten gegeniiber (book) 251 

Minnesota section Pr. 8, 61, 68, 82, 111, 127 

Minx. S. G. Zur Frage von dem Einfluss der Milchnahrung auf den Stickstoff- und Phosphorura- 

satz (book) 1538 

Missouri Section Pr. 3, 59. 84, 91 

Mitchell, C. A. Oil; Animal, Vegetable, Essential and Mineral (book) 1365, 1538 

MmuHTEK, M. Die Gewinnung des Broms in der Kaliindustrie (book) 814 
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Mittklstahdt, O. Technical Calculations for Sugar Works (bock) 11 II 

Moeller, J. und Gbisler, E. Real-Enzyklopfidie der gesamten Pharmazie (book). ......... 1111 

Mohr, E. Anldtung zum zweckm&ssigen Rechnen bci chemischcn prfiparativen Arbeiten (book). 251 

Molds, the catalase of 1357 

Molecular rearrangements in the camphor series 1061, 1064,1068, 1665, 1669 

Molecular weight, method for determining the, of dissolved substances by measurement of low- 
ering of vapor pressure, 1615; of calomel in solution in mercury 1554 

Molibch, H. Die Eisenbaktexien (book) 1538 

Moll, R. Beitrage zur Biochemie dcs Bodens (book) 814 

Mol numbers derived from the freezing-point lowering 1011, 1026, 1027, 1029 

Monazite, volumetric determination of cerium in. 642 

Moor, C. G. The Recognition of Minerals (book) 251 

Moor, C. G and Partridge, W. Aids to the Analysis of Food and Drugs (book) 251 

Moors, C. J. The purification of mercury (note) 971 

Moors, F. J. Outline of Organic Chemistry (book), review 1108; title 1365; the colored salts 

of Schiff bases (HI) 382 

Moors, R. B. See Schlundt, H. 

MoraucA, E. Composition chimique dcs alcools d’industrie et des spiritueux (book) 251 

Morden. G. W. Die Stickoxybildung aus Luft mit Hilfe einer Gleichstromentladung niedriger 

Spannung unter vermindertem Druck (book) 728 

Morey, S. R. See Loeb, M. 

Morgan, J. J. Blast Furnace Practice (book) 429 

Morgan, J. L. R. Physical Chemistry for the Electrical Engineers (book), review 1534 

Morse, H. W. See Ostwald, W. 

Moser, A. Die elektrolytisdien Prozesse der organischen Chemie (book) 1365 

Moser, I,. Die Bcstimmungsmethoden des Wismuts und seine Trcnnung von den anderen Ele- 

menten (book) 429 

Moses, A. J. and Parsons, C. L. Elements of Mineralogy, Crystallography, and Blowpipe 

Analysis (book), review 144 

Mourbu, C. Notions fondamentales de chimie organique (book), review 1362, title 1699 

Moving boundaries, theory of the determination of transference numbers by Ae method of ... . 862 

Muccioli, A. Tossicologia forense (book) * 1009 

MOllbr, J. J. See Christiansen, C. 

Mullikbn, S. P. A Method for the Identification of Pure Organic Compounds. Vol. 3. Iden- 
tification of the Commercial Dyestuffs (book), 1365; progress ia; systemic qualitative or- 
ganic analysis 1049 

Murray, B. L. Division of Pharmaceutical Chemistry (report) Pr. 27 

Murray, J. A. Soils and Manures (book) 1365 

Mutarotation, a review of discoveries on the, of the sugars 889 

Myer, O. Handbudb der Kaliwerke, Salinen, Tiefbohrunternehmungen und Petroleum Industrie 

(book) * 895 

NAGEL, O. The Transportation of Gases, Liquids and Solids, by Means of Steam, Compressed 

Air and Pressure Water (book) 429 

Naphthalene derivatives, condensation of the adds of the phenylpropiolic series to 212 

1 (Naphthol-l)-l -keto-3 -hydroxy-3 (6-nitro-3,4-methylendihydroxyphenyl) -propane, and deriva- 
tives 1485, 1487 

^-Naphthoquinone, note on the oxidation of 117 

Naphthotetrazines (review) 793 

l-Naphthylimide 1320 

3-/?-Naphthyl-4-0-naphthyliminoqumazoHne-2-carboxylic add, ethyl ester 126 

Nebradca section Pr. 5, 80, 93, 129 

Nelson, B..E. Introduction to the Analysis of Drugs and Medidnes (book) 1365 

Nelson, J. M. Sec Falk, K. G. 

Nernst lamp 155 

Neuburger, A. See Grossmann, H. 

Neumann, A. Analyse und Antidote der ftir den Arzt wichtigsten Gifte (book) 1111 

New Books: Reviews — F irst Year Chemistry (Segerblom), 139; Anleitung zum Experimen- 
tieren in der Vorlesung fiber orgauische Chemie (Rupe), 141 ; Calculations of General Chem- 


istry (Hale), 142; An Introduction to Physical Sdence (Getman), 142; The First Principles 
of Chemical Theory (Mathewson), 143; Elements of Mineralogy, Crystallography and Blow- 
pipe Analysis (Moses, Parsons), 144; Annuaire pour l'An 1910, 144; A System of Diet and 
Dietetics (Sutherland), 145; Die Mcthoden zur Herstellung kolloider LOsungen anorgan- 
ischen Stoffe (Svedberg). 146; General Inorganic Chemistry (Baskarville), 240; Experi- 
mentelle Untersuchungen fiber Atomgewichte (Richards), 242; Treatise on Qaatitativ* 
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Analysis (Sellers), 242; A Manual of Qualitative Analysis (McGregory), 243; An Introduc- 
tion to Chemical Analysis for Students of Medicine, Pharmacy and Dentistry (Rock wood), 

243; Quantitative Chemical Analysis: Adapted for Use in the Laboratories of Colleges and 
Schools (Clowes, Coleman), 244; Anleitung fiir das organise!! pr&parative Fraktikum 
(Henle), 245; Kolloid-chemische Beihefte (Oswald), 245; Metallographie: Kin ausfiihrliches 
Lehr- und Handbuch der Konstitution und der physikalischen, chemischen und teclinischen 
Eigenschaften der Metalle und metalhschen Legierungen (Guertler) , 246; The Elements of 
Metallography (Huer), 246, Einfiihrung in die allgemcine und anorganische Chemie auf 
clementare Grundlage (Smith), 426; General Chemistry lor Colleges (Smith), 427; The 
Fundamental Principles of Chemistry (Ostwald), 572; Elementary Modern Chemistry 
(Ostwald, Morse), 574; Recent Advances in Physical and Inorganic Chemistry (Stewart). 

574; Introduction to Physical Chemistry (Jones), 722; Einfiihrung in die Chemie. Kin Lehr- 
buch fiir hohere Lehr oust alten und ztim Selbstunterricht (Ostwald), 722; Analyse der 
Silikat- und Karbonat-Gesteme (Hillebrand), 724; Dus Radium und die Farben (D biter), 

724; The Simple Carbohydrates and the Olucosides (Armstrong), 725, A Course in Inorganic 
Chemistry for Colleges (Newell), 725; Outline of Bacteriology (Technical and Agricultural) 
(Ellis), 726; Neuvifcme Congrfcs International de Geographic, 811; Wall Charts for Sugar 
Chemists (Rodger), 811, Le Cinquantenairc dc l’atomecanique ou de la m&canique des 
atomes (Hinrichs). 812; Manuel th6oriquc et pratique d’analyse volum£trique (Duparc, 
Basadoxmu), 812; The Elements of the Science of Nutrition (Lusk), 1007, Radiochemistry 
(Cameron), 1106; Outlines of Organic Chemistry (Moore), 1108; Handbuch der landwirt- 
schaftlichen Bakteriologie (1 ,bhnis), 1108; Laboratory Exercises in General Chemistry 
(Blanchard), 1109, Notions fondamentales de chimie organique (Moureu), 1362; Physical 
Chemistry for the Electrical Engineejs (Morgan), 15.54; Leitfaden fiir den Unterricht in der 
anorganischen Chemie didaktiscli bearbeitet (Sperber), 1534; Beitr&ge zu einer Kolloid- 
chcnue des Lebens (Liesegang), 1535, Principles of Chemical Geology (Elsden), 1535, A 
Mauual of Volumetric Analysis (Coblentz), 1693; History of Chemistry (Thorpe), 1693; 
Neuere Anschaungeu auf dem Gebiete der anorganischen Chemie (Werner), 1695; Die 

Alkaloide Erne Monographic der natuerhehen Basen (Winterstem, Trier) 1696 

New Books Titles— BxoQraphical and historical * The Story of Sugar (Surface), 253, The Story 
of Oil (Tower), 253; A History of Chemistry (Arnutagc), 428, History of Chemistry (Thorpe), 

430; Involution de la chimie] (Ostwald), 895; ITsprung und Entwicklung der chemischen 
Industrie (Binz), 1008; Le Ccntcnaire du Journal de Pharmacie et de Chimie (Bourquelot), 

1008; Lavoisier und seine Vorlaufer (Speter), 1112, The Life of William Thompson, Boron 
Kelvin of Largs (Thompson). 1112, Zur Geschichte des Tellures (Bauer), 1363; Aus phar- 

mazeutischer Vorzeii (Peters) . 1365 

General and Jnoroantc: Elementary Chemistry (Godfrey), 249; Beitr&ge zur Kenntniss des elek~ 
trochcnuschen Verhultens des Eisens (Foersler), 249; Outlines of Chemistry with Practical 
Work (Fenton), 248; Elementary Chemistry (Emery), 248; Das Radium und die Farben. 
Kinwirkung des Radiums und ultravioletter Strahlen auf orgamsche und anorganische Farben 
sowic auf Minerahen (Docltcr), 248; Leitfaden fur den Unterricht itn chemischen Labora- 
toriurn (Danneman), 248; Ucbersichtlichc Daistellung des zweiten Hauptsatzes der Ther- 
modynamik und der daraus lierzuleitenden Folgen (Coops), 248; Chemistry in Daily Life 
(Cohn). 248; Stoichiometric (Bornemann), 248, Die Untersuchungsmcthoden des Waaser- 
stoffperoxyds (Birckenbach), 248; Chcnusches Praktikum fiir A nf anger (Binz), 247; Ueber 
einige Adsorptionserscheinuugen (Behre), 247; First Stage Inorganic Chemistry (Bausor), 

247; First Stage Inorganic Chemistry (Bailey), 247; Tlieonen der Chemie (Arrhenius), 247; 
Handbuch der anorganischen Chemie, in 4 B&ndeti (Abcgg, Auerbach), 247; Gesdttigte 
Salzlbsungen vom Standpunkt der Phasenlelire (J&necke), 250; Outlines of Chemistry; a 
Text-book for College Students (Kahlenberg) , 250; Introduction to Practical Chemistry for 
Medical, Dental and General Students (Kellas), 250; An Electric Furnace for Spectroscopic 
Investigations, with Results for the Spectra of Titanium and Vanadium (King). 250; In- 
organic Chemistry (Kipping. Perkin), 250; Ueber die Krhaltung der Masse bei chemischen 
Umsetzungen (Landolt). 250; Einfiihrung in die chemisehe Wisseuschaft (LSb), 250; An 
Atlas of Absorption Spectra (Mees), 251; Ausgew&hlte Kapitel iiber Chemie (Meyer), 251; 
Anleitung zum zweekmassigen Rechncn bei chemischen priiparativen Arbeiten (Mohr), 

251; A Course in Inorganic Chemistry (Newell), 251; Die Knergie. Wissen und Kbnnen 
(Ostwald), 251; Einfiihrung in die Chemie (Ostwald), 25 1 ; Grundriss der Kolloidchemie 
(Ostwald), 251; The Fundamental Principles of Chemistry (Ostwald), 251; Elementary 
Modern Chemistry (Ostwald, Morse), 251 ; Chemistry and Literature of Beryllium (Parsons), 

251; Lehrbuch der Chemie (Partheil), 252; The Romance of Modern Chemistry (Philip), 

252; Die HHxte der festen Kckper und ihre physikaliscli -cliemische Bcdeutung (Pfischl), 252; 

Die Theorie der F&rbung der natiirliehen ErdOle und deren notwendige Konsequenzen 
(Rakusin), 252; Anorganische Chemie (Rcmsen-Seubert) , 2 52; Einleitung in das Studium 
der Chemie (Rcmsen-Seubert), 252; Electrochemical Investigation of Liquid Amalgams of 
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Thallium. Indium. Tin, Zinc. Cadmium, Dead, Copper, and Lithium (Richards, Wilson, 
Garrod-Thomas), 252; Exercises in Physical Chemistry (Roth), 252; Internationale Atom- 
gewichte. Nacb den Festsetzungen des intern a tionalen Atomgewichts Ausschusses heraus- 
gcgeben (Seubert), 253; Oxide of Zinc, its Nature, Properties and Uses (Smith), 253; Anor- 
ganische Cheraie (Sperber), 253; Das Radium und seine Eigensch often (Step), 253; Recent , 
Advances in Physical and Inorganic Chemistry (Stewart), 253; Die Methoden zur Herstel- 
lung Kolloider Ldsungcn auorganischer Stoffe (Svcdberg), 253; Physik und Chemie in gem- 
einverst&ndlichcr Darstellung (Weinstein), 253; Colloids and the Ultramicroscope (Zsig- 
mondy), 254; A Text-book of Physical Chemistry: Theory and Practice (Ewell), 428; The 
Spectrum of Magnesium Hydride (Fowler), 428; The Periodic Law (Garrett), 428; Chemical 
Notes and Equations: Inorganic and Organic (Gemmell),428; Dieneueren Strahlen. Radium- 
Strahlen, Kathoden-, Kanol-, Anodeu-, Rontgenstrahlcn. In ieichtfasslichcn Einzeldarstel- 
lungen (Greinacher), 428; The Calculations of General Chemistry; with Definitions, Ex- 
planations, and Problems (Hale), 428; A Manual of Forensic Chemistry. Dealing Especially 
with Chemical Evidence, Its Preparation and Adduction (Jago), 429; Chemistry for Young 
People (Jenks), 429; Dispersionsmessungen an Gasen im sichtbaren und im ultraroten 
Spektrum (Koch), 429; Reitrag zur einer Kolloidchemie des Lebens (Liesegang), 429; A 
Text-book of Inorganic Chemistry (Newth), 429; Chemical Lecture Experiments (Newth), 
429; An Introduction to Chemistry and Physics (Perkin, t,ean), 429; Spektralanalytische 
uud photometrische Theorien (Scheitier), 430; Ueber Elektroneu (Wien), 430; Kohle und 
Eisen. Aus Wisscnchaft und Bildung. Einzeldarstellung aus alien Gebieten des Wissens 
(Binz), 575; Experiments in General Inorganic Chemistry (Durkee), 575; An Introduction to 
Physical Science (Gettnun). 575; Der Verteilungssatz. Mit einer Zusammenstellung der 
wichtigsten Verteilungskocffizienten zwischen flhssigeu Scliichten (Herz), 576; Grundlinien 
der Chemie fur Oberrealschulen. 1 Teil: Anorganische Chemie (Rippel), 576; Die physikal- 
ischen Eigenschaften des Bodens (Trnka), 576, Crystalline Structure and Chemical Con- 
stitution (Tutton), 576; Ueber das Methangleichgcwicht, die Beziehungen zwischen Nickel 
und W asserstofl und einige Methansyntliesen mit Calciumhydriir (Altmayer). 726; General 
Inorganic Chemistry (Baskerville), 726; Laboratory Exercises iu Inorganic Chemistry (Bas- 
kerville), 727; Cheraiker-Kaleudar 1910. Ililfsbuch fiir Chemiker, Physiker, Mincralogen, 
Industrielle. Pharmazeuten. Huttenmiiuner (Biedermann) , 727; Pliysikalische Techiuk odcr 
Anleitung zu Expermiental-vortragen, sowie zur Selbstherstellung einfachernOen^onstra- 
tionsapparate (Frick), 727; Lernstoff aus der Physik und Chemie fiir Lehrauit9kandidaten 
(Gajdeczka), 727; Spcktroskopie (Grebe), 727; Laboratory Exercises in General Chemistry 
(Kohlenberg), 727; Lehrgang der Chemie und Mineralogie ftir hohere Schulen (Kiispert). 
727 ; Die elektromotorischen Kr&f te der Polarisation und ihre Messungvmit Hilfe des Aszillo- 
graphen (Le Blanc), 727; Chemie und Photographie bei Kriminalforschungen (Loock), 
727; Conduction of Electricity through Gases, and Radioactivity, a Text-book with Expeii- 
roents (McClung), 728; Practical Chemistry (Bruce, Harper), 813; Der Entropiesatz oder 
der zweite Hauptsatz der mechanisclien WUrmetheorie (Hoit), 813; Photochemic (Plotni- 
kov), 814; Einftihrung in die Kolloidchemie, Abriss der Kolloidchemie (Pbschl). 814 ; Der 
Aether und seine Aggregatzustande (Schmidt), 814; Neue Atomgewicht-Kurven (Wede- 
kind. Lewis), 814; Vorlesung iiber Gastheorie. (2 Teile) Tcil I; Theorie der Gase mit ein- 
atomigen Molekiilen. deren Dimensionen gegen der inittlere Wegltlnge verschwindeu. (2, 
unveranderter Abdruck) (Boltzmann), 895; Der Naturwissenschaft (Bficher), 895; Strah- 
lungersdieinungen, Ionen, Klektronen und Radioaktiv&t (Bugge), 895; Lexikon der anor- 
ganischen Verbindungen (Hoffmann), 895; Trattato di chimica inorgauica (Holleman), 895; 
Introduction to Physical Chemistry (Jones), 895; Hand und Hilfsbuch zur Ausfilhrung 
physico-chemischer Messungen (Ostwald-Luther). 895; Lehrbuch der Electrochemie (Arrhen- 
nius), 1008; Die Radioaktivit&t (Battelli, Occhialmi, Cliella), 1008; Chemische Grundgesetze 
u Grundbegriffe, berarbeitet durch Schfflerilbungen (Bauckner), 1008; Synthetic Inorganic 
Chemistry (Blanchard), 1008; The Atmosphere, its Characteristics and Dynamics (Cordeiro), 
1008; Optical Instruments Simply Explained (Davidge), 1008; Die Chemie in der Rechts- 
pffege (Dennstedt). 1008; Handbuch der anorganischen Chemie (Gmellen, Kraut). 1009; 
Manipulations chimiques (Joly), 1009; Chemie des tSglichen und wirtschafllichen Lebens 
(Mellmann), 1009; Die Allotropie der cheimischer Elemente (Meyer), 1009; Cours de chimie 
min^rale (de Coninck), 1010; Die Schule der Physik, besonders fiir das Selbstudium verfasst 
(Oettingen), 1010; Die Schule der Chemie (Ostwald), 1010; Choix de preparations de chimie 
inorganique (Perkin), 1010; La materia radian te ed i raggi magnetic! (Righi), 1010; Die 
geologisclien Unterlagcn des Radiums (Simmersbach), 1010; Logic of Nature (White), 1010; 
Grundz&ge der Chemie und Mineralogie (Arendt), 1110; The Colloid Matter of Clay and its 
Measurement (Ashley), 1110; Radiochemistry (Cameron), 1110; V A Recalculation of the 
Atomic Weights (Clarke), 1110; International Language and Science (Couturat, Lorenz, 
Ostwald). 1110; Thermodynamique et chemie (Duhem), 1110; Wie studiert man Chemie 
und die beschreibenden N atur wisscnachaf ten ? (Gumbrecht), 1111; Die Stromerzeuguxtg 
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durch fallende Teilchen in Flfissigkciten und der absolute Nullpunkt des Potentials (MeLkelt), 
1111; Platinum Resistance Thermometry at High Temperatures (Waidncr, Burgess), 1112; 
Five-figure Logarithms and Tables for Chemists (Woodward), 1112; Fortschritte der natur- 
wissensch of tlich en Forschung (Abderhalden), 1362; The Electron Theory (Albe), 1362; Das 
Wasser. Experimentalvortrage (Anselmino), 1362 ; Die Atmo&phare der Planeten (Arrhenius), 
1363; Condensation of Vapor as Induced by Nuclei and Ions (Barns), 1363; Untersucliung 
fiber das Platin Hexabromoplatineate organischer Ammoniumbascn (Bauriedel). 1363; 
Ueber braunes amorphes Silicium (Benthaus), 1363; Elemente der theoretischen Physik 
(Christiansen, Miiller), 1363; Das chemisehe Praktikum (Dennert). 1363, Lehrbuch der 
anorganischen Clietnie (Erdmann), 1363, Manuel de travaux de cliimic minerale (Guichard), 
1364; Jabrbuch der Radioaktivitiit und Klektronik. 1364, Das Radium u die Krschemutigen 
der Radioaktivitiit (Kauffmann), 1364; A Manual of Chemistry, Theoretical and Practical, 
Inorganic and Organic (Luff, Candy), 1364; Lehrbuch der Elektrizitat und des Magnetismus 
(Mie), 1365; Oil' Animal, Vegetable, Essential and Mineral (Mitchell), 1365, Grundriss der 
anorgan. Chemie* 1 (Oppenheimer), 1365; Ueber Katalyse (Ostwald), 1365; Die Brownsche 
Bewegung u. die wahre^Hxistenz der Molekule (Perrin), 1365, Radioactivity of the Thermal 
Waters of Yellowstone National Park (Schlundt, Moore), 1365, Atoinauflosung u. elektro- 
motorische Kraft (Schmidt), 1365, Mathematical and Physical Papers Bd IV Hydro- 
dynamics and General Dynamics (Thomson), 1366, Contribution a l’etude de l’azoturc 
d'aluminium et de l’azoture de baryum (Wolk), 1366; Nouvelles manipulations de chiime 
(Blouet), 1537; Trait6 de physique (Chow Ison), 1537; Water, its Origin and Use (Coles- 
Finch). 1537; On Scandium fCrookes), 1537; Untcrsuchungcn liber die bd der Klektiolyse 
von Nickelsalzen auftretenden periodischen Erscheinurigcn (Dietrich), 1537, Principles of 
Chemical Geology (Elsden), 1537, La physico-clumie (Fauvelle), 1537, A High School Course 
m Physics (Carton), 1537; Spark Spectra of the Metals (Gissing), 1537, Rayons X et radia- 
tions diverses (Guilleminot). 1537; Viskositat binarer Flussigkcitsgemiscbe (Kassel), 1538; 
Der Radmmvorrat der Natur (Kurz), 1538, Nouvelle th6orie des sciences physiques. Unite 
de la manure, etude des fluides, force, travail, energies rayonnantes, 61cctricitc (Lachaud), 
1538; Radium (Lord), 1538; Ueber Hydrate, deren Dampfspannung sich kontinnierlich 
mit der Zusammensetzung andert (Lbwenstem), 1538, Popularwissensehaftliche Vorlesungen 
(Mach), 1538, Ueber die Bildung von Legierungen durch Druck und fiber die Reaktions- 
fahigkeit der Metallc im festen Zustaude (Masiug), 1538; Les dtats physiques de la matifere 
(Mauraln). 1538, Versuch einer cliemischen Auffassung de* Weltsithers (Wcndclc*ff), 1538; 
Die Materie der cheimschen Elemente und das Wesen der chcimsclien Reaction (Meusel), 
1538, A Manual of Elemental y Practical Chemistry (Oscroft. Shea), 1539; Die Forderung 
des Tagcs (Ostwald), 1539, La matitre, 1’ etlu-r, l’electricite (Proumen), 1539; Lehrbuch der 
anorganischen Chemie (Richter), 1539, Anorgauisch-chcmisclics Praktikum Qualitative 
Analyse und anorganisclie Praparute (Riesenfeld), 1539, Chemie (Rivals, Devaud), 1539; 
The Relations between Chemical Constitution and Some Physical Properties (Smiles), 1539; 
Ueber die Radioaktivitatsverhaltnisse der natfirliehen Heilquelleri des Deutschen Sprach- 
gebictes (Sommer), 1539, The Theory und Ionization of Gases by Collision (Townsend), 
1540; International Catalogue of Scientific Literature, 1698; Auleitung zur Darstellung 
chcmisclier auorganischer I’raparate (Blochmann), 1698; Ueber Radiumforschung (Euner), 
1698; Lehrbuch der anorganischen Chemie (HolJemari), 1698, Sammlung chemischer nnd 
chemisch-technischer Vortrilge (Herz), 1698, A First Year’s Course of Inorganic Chemistry 
(Hood), 1698; Handbuch der Sjicktroskopie (Kuyser), 1699; Leitfadeu der graphischen 
Chemie. Erliiuterung eimger wichtiger Schulbeispiele (Krenmnn), 1699; Ueber Aether und 
Materie (Lenard), 1699; Ueber Synthese des Ammoniaks aus den Elementen (Lipski), 1699, 
Ueber die Reaklion zwisclien Sulfuryl chlorid und Ammouiuk (Miclicl), 1699; The Elements 
(Tilden), 1699; Die Losungstheorien in ihrer geschichtlichen Aufeinatiderfolge (Walden), 

1700; Essentials of Chemistry (Williams) 

Analytical: Anlcitung zur quantitativen chemischen Analyse (Iliasiwetz), 249; Uebungen in 
quantitativen chemischen Analyse (Fichter), 249, Ueber den Ersatz des Scbwefclwasser- 
stofFs in der quahtativen chemischen Analyse (Donatli). 248; Massanalyse (Crato), 
248; Quantitative Chemical Analysis (Clones, Coleman), 248, Systematic Qualitative Analy- 
sis for Students of Inorganic Chemistry (Caven), 248; Leitfadeu der chom. Analyse (Biro- 
baurn), 248; Qualitative Analyse anorganischer Substauzen (Biltz), 247; Kolorimetric und 
quantitative Spektralanalyse in ihrer Anwendung in der Chemie (Krfiss, G. and H.), 250; 
Beitr&ge zur mikrochemischen Analyse (Schoorl), 252; Wie scheidet man Nickel am besten 
ab auf elektrolyt. Weg? (Schumann), 252, Eiufuhrung in die qualitative chemisehe Analyse 
zum Gebrauch bei den prakt. Uebutigen im Laboratorium (Wiechowski), 253; Beilsteins 
Auleitung zur quahtativen Analyse (Winterstein, Trier), 254; Chemiselies Praktikum 
(qualitative Analyse) ffir hohere Lehr mistaken (Wolland), 254; Outlines of Qualitative 
Chemical Analysis (Gooch, Browning), 428; A Manual of Qualitative Chemical Analysis 
(McGregory), 429; Die Bestimmungsme thoden des Wismnts und seine Trennung von den 
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Anderen Elementen (Moser), 429; An Elementary Treatise on Qualitative Chemical Analysis 
(Sellers), 430; Praktikum der quantitativen anorganiscben Analyse (Stock, Sttthler), 430; 

La r£fractoni6trie et ses applications pratiques (Sidersky), 576; Commercial Organic Analysis 
(Allen), 726; Manuel thdorique et pratique d’ analyse volumetrique (Duparc, Basadonna), 

727; Anleitung zur organischen Elementaranalyse (llenle), 727 ; Chemisch-technischc Unter- 
suchungsmethoden (Lunge, Berl), 728; Ucbungsbeispiele zur quantitativen Analyse 
(Meigen), 728; Anleitung zur quantitativen chcmischen G ewichts analyse nacb C. Zimmer* 
mans (Pechmann), 1010; Die Methoden der Massanalyse (Beckurts), 1110; Theoretical 
Principles of the Methods of Analytical Chemistry Based upon Chemical Reactions (Chc9- 
neau), 1110; Qualitative Analysis, Tables for Use at the Bench (Lewis), 1111; Quantitative 
Analysis (Treadwell), 1112; Qualitative Chemical Analysis, Organic and Inorganic (Perkin), 

1365; Ucbungsbeispiele aus del quant, chem. Analyse (Vortmann), 1366; Tabellen zur 
cliemischen Analyse (Wallach), 1366; Anleitung zui vereinfachten Elementaranalyse filr 
wissenschaftliche und technische Zwecke (Dennstedt), 1537; Einleitung in die Chemische 
Analyse (Medicus), 1538; I.Otrohrprobierkunde (Henglein), 1698; A Manual for Assayers 
and Chemists (Seamon), 1699; La refractoinetrie et ses applications pratiques (Sidersky). . 1699 
Organic: Ueber das Verhalten einiger aromatischer Essigs&urc- und Glykollderivate tierischen 
Per men ten gegenfiber (Minkowski), 251; Die orientierenden Einfliisse und der Bcnzolkern 
(Oberraille/), 251; Formaldehyd (Orloff). 251; Introduction to the Pieparation of Organic 
Compounds (Fischer). 428; Modern Organic Chemistry (Keane), 429; Contributions & la 
connaissance des oxyald&iydes orthovanillme et 1’aldehyde orthov6ratrique (Noelting), 429; 

Die Sulfosauren des Anthrachinons und seiner Derivate (Goldberg, Friedmann), 576; Ueber 
a-Oxolaktame (Roschke), 576; Die Knallsiiure (Wieland) 576; Ueber Oxalmalonsdureester 
(Hcuser), 727; Systematic Practical Organic Chemistry (Norman), 728; Ueber Konstitution 
und Farbe der Chmonimine (Piccard), 728; An Introduction to the Study of Compounds of 
Carbon (Remsen), 728; Ueber die Bildung der Naphthene itn Erdol (Routala), 728; Ueber 
Synthesen ringfOrmiger Verbindungen mittels Dipropylmalouylchlorids und Succinylchlorids 
(Rothschild). 728; Practical Organic Chemistry (Sudborough, Campbell), 728, The Simple 
Carbohydrates and the Glucosides (Armstrong), 813; Kinfluss der Lbsungsmittel auf die 
Verteilung der Isomeren (Bruner, Vorbrodt), 813; Sur une association naturelle de dimethyl- 
anthracenes (Lavaux), 813; Les syntheses dans le groupe de l’indigo (Pdlzi-Escot). 895; 
Untersuchungen ilber die Affinit&ten. Ueber Bildung und Zeisetzung der Aether tBerthelot, 

P6au de Saint-Gillcs), 1008; Methoden der Organischen Chemie, 1009; Cours de chimie 
organique et biologique (Porcher, Nicolas), 1010; Jahrbuch der Organischen chemie 
(Schmidt), 1010; Die direkte Einfiihrung von Substituenten in den BenzolV^rn (Holleman), 

1111; Organische Chemie und die Lchre vom Leben CWohl) , 1112; Lclirbuch der organischen 
Chemie (Holleman), 1364; Ueber Nitrocumarine und ihre Konsti tu tiOnser mittelung (Lands* 
berger), 1364; Outlines of Organic Chemistry (Moore), 1365; Die elektrolytischen Prozcsse 
der organischen Chemie (Moser), 1365; A Method for the Identification of Pure Organic 
Compounds. Vol. 3. Identification of the Commercial Dyestuffs (Mulliken), 1365; 
Studien fiber Konsti tutionsermittelung monohalogenisierter, mono- und dialkylierter 
Monoketone der Cydohexanreihe (Steinhorst) , 1366; L'acide thyminique (Duhamel), 1537; 
Elektrische Doppelbrechung der Kohlenstoff verbindungen (Leiser), 1538; Die Cellulose 
(Piest), 1539; Abbau des Morphobetains, II. Ueber einige Additionsprodukte cyclischer 
Basen mit Hydrochinon (Rettberg), 1539; Lexikon der Kohlenstoffverbindungen (Richter), 

1539; Ueber die Reduktion von Pinen zu Pinan; Eigenschaften und chem. Verhalten des 
letzteren (Schenk), 1540; Die Alkaloide; eine Monographic der natfiriichen Basen (Winter* 

stein, Trier), 1540; Notions fondamentales de chimie organique (Moureu) 1699 

Biological , Pharmaceutical and Foods: Bakteriologisches Tasdienbuch, enthaltend die wichtigsten 
technischen Vorschriften zur bakteriologischen Laboratoriumsarbeit (Abel), 247; Die 
Auffindung der Gifte und stark wirkender Arzneistoffe (Autenrieth), 247 ; Elementary Photo- 
micrography (Bagshaw), 247; Grundlagen und Ergebnisse der Pflanzenchemic (Euler), 

248; Lehrbuch der Chemie ffir Pharmazeuten (Fischer). 249; Lehrbuch der chemischen 
Toxikologie und Anleitung zur Ausmittelung der Gifte, ffir Chemiker, Apotheker und 
Mediziner (Gadamer), 249; Repetitohum der pharmazeutischcn Chemie (Gerke), 219; Bio- 
chemisches Taschenbuch (Glikin), 249; Der Tafelsenf (Mostrich) und die technische Ver- 
wertung der Senfpflanze (Hasterlik), 249; Lehrbuch der Pharmakoguosie (Karsten, Oltamus), 
v 250; Praktikum der Bakteriologie und Protozoologie (Kirskalt, Hartmann), 250, Analytisches 
• Diagnostikum. Die Ohemischen mikroskopischen und bakteriologischen Uniersuchutigs- 
methoden von Horn, Auswurf, Magensaft, Blut, Kot (Kraft), 250; Phenol und seine Derivate 
als Dcsinfcktionsmittel (Laubenhdmer) , 250; Die Beziehungen der Chemie zur Biologic 
und Medizin (Lockemann), 250; Dynamik der Oberfidchen. Eine Einfiihrung in biologische 
Oberfldehenstudkn (Michaelis), 251 ; Aids to thd Analysis of Food and Drugs (Moor, Part- 
ridge), 251; Grundriss der Pharmakochemie (Oesterle), 251; Die Permeate and ihre Wide- 



Index 


* 7*7 

tmgen (Oppenhehner), ZS1; The Vegetable Proteins (Osborn), 251 ; Lehrbuch dear Phar- 
makologie (Poulsson), 252; Grundriss der Pharmakologie in Bezug auf Arzneimittellehre und 
Toxikologie (Schmiederberg), 252; Chemische Konstitution und physiologische Wirkung 
(Spiegel), 253; Methoden zur Untersu chung von Milch und Molkerejprodukttn (Tei chert) , 

253; Proktische Anleitung zur Ausfiihrung des biologischen Eiweissdifferenzierungsverfahrens 
mit besonderer Berficksichtigung der forensischen Blut- und Fleischuntersucliung, sowie 
der Gewlnnung prftzipitierender Seia (Uhlenhulh, Weidanz), 253; Untersuchungen fiber 
“Antiformin,” ein bakterienauflosendcs Desinfektionsmittel (Uhlenhuth), 253; Spices and 
How to Know Them (Gibbs), 428; Die Bakteriologie des t&g lichen Lebcns (Jaeger), 429; 
Ueber die chemische Durchliissigkeitlebender Algen- und Protozoenzellen ffir anorganische 
Salze und die spczifische Wirkung Ielztercr (Menganni, Traube. Scala), 429; Selbstbereitung 
pharniazeutischer Speziulitaten (Mmdes), 429; Schadliche Nebenwirkungen der Arzneimittel 
(Paczkowski), 429; Beitrage zur Photographic der Blutspektra unter Berficksichtigung der 
Toxikologie der Ameisensaure (Rost, Heise), 429; Die Hrkennuiig von Blutflecken und die 
Un ter schei dung von Menschcn- und Ticrblut in der Gcrichtspraxis, srugleich eine Schilderung 
der Haupteigenschaften des Blutes, sowic der Blutverwandtschaft unter den Tieren 
(Schmidt), 430; Klinische Spektroskopie (Schunim), 430; Elements de chirnie generate, 
pr^paratoires & l’dtudes biochiuiique des fermentations (Vandevelde), 430; Praktische 
Phartna7ie (Fernau), 575; Physiologische Wirkungen der Benzoesaure und des benzoe- 
sfifiren Natrons (Gerlach), 575, Food Inspection and Analysis (Leach), 576; Handbuch der 
biochemischen Arbeitsmcthoden (Abderhaldcn), 726, Outlines of Bacteriology (Ellis), 727; 
Ueber Voikommen und Ilerkunft des Inosit nn Tierkorper (Klein), 727 ; Chemie der Mensch- 
lichcn Nahrungs- und Genussimttel (Komg),*727; Food Inspection. A Practical Handbook 
(MacEwen), 728; Handbuch der Biothemie dor Menschcn und der Tiere II Bd. 2 Hfilfte: 

Bio chemie der Gewebe und Organe (( >ppenhenncr) . 728; Chemisclies Praktikum ffir 
Mediziner (Rimbach), 728; The Proteins (Robertson), 728, Die Giftprufung und die Konzes- 
sion zutn Handel nut Giftcii (Syllwasschy), 728; Lehrbuch der physiologischen Chemie 
(Hammarsten). 813; Les ferments protGdytiques Etude chimique et pharmacotechnique 
(Javilher) . 813; Fliissige Krystalle, Myelinformen und Muskelkraft (Lehmann), 814; Toxi- 
kologische Chemie (Mannheim), 814; Beitrage zur Biochemie des Bodens (Moll), 814; 
Leitfaden der Milchhygiene (Schlossmann), 814; Conferences de pharmacie, Tome 4. Analy- 
ses d’urmes. de f&ces, de lait (Battegay), 895; Fabrication du chocolat (Fntsch), 895; Hand- 
buch der biochemischen Arbeitsmcthoden (Abderhaldcn), 895; Questions and Answers on 
Milk Testing (Publow, Troy), 805; Lehrbuch der Nuhrungsmittelchemic (Rottger), 896; 
L'ambiente chiniico cd i formenti selezionati (Soucim), 896, Milch und Molkereiprodukte; 
ihre Eigenschaften, Zusammensetzung und Gewtnnung (Soinmerfeld), 896; Precis de chemie 
physiologique (Arthus), 1008; II trattamento naturalc ed artificiale delle acque da fogna. 
seeondo i moderni sistemi di epurazione biologica (Ferrari). 1009; Chemische Untcrsuchung 
der Georgen-, Marien-. Wiescn-, Mariannen- und Friedrichs-Quclle zu Bad Landeck (Frese- 
nius), 1009; Lehrbuch der Pharmakognosie (Gilg), 1009; Lehrbuch der physiologischen 
Chemie (Hammarsten), 1009, Die inenschlichen Genussmittel, ihre Herkunft, Verbreitung, 
Geschichtc, Bestandteilc, Anwendung uud Wirkung (Hartwig), 1009; Fleischvergiftungcn 
und Paratyphusinfektionen. ihre Entstehung und Verhfitung (Hfibener), 1009; Die ex- 
perimentellc Pharmakologie als Grundlage der Arzneibehandlung (Meyer, Gottlieb), 1009; 
Tossicologia forense (Muccioli), 1009; Nahruugsmittel-Chemie (Rottger), 1010; Lehrbuch 
der Physiologie desMenschen (Tigerstedt) , 1010, Handbuch der Pharmakognosie (Tschirch), 

1010; Methods Used in the Examination of Milk and Dairy Products (Bartliel), 1 1 10; Mikro- 
photographischer Wandatlas der Bakteriologic (Bujwid), 1110, Ergfinzungstaxe zur 
Deutschen Arzneitaxe ffir 1910, 1110; Algemeine Chemie der Enzyme (Euler), 1110; Fcr- 
mentazione e fermenti (Guiureschi), 1111; Phamiazeutisch-tcchnisches Manuale (Hell), 1111; 
Real-Enzyklopiidie der gesamten Pharrnazie (Moeller, Geisler), 1111; Analyse und Antidote 
der ffir den Arzt wiebtigsten Gifte (Neumann), 1111; Arzneivcroi dnungen 1910. Die neu- 
esten Arzneimittel und Speziaht&ten (Rabow), 1111; Manual of Medical Jurisprudence, 
Toxicology and Health (Robertson), 1112; Hefcn, Schirnmelpilze und Bakterien (Bersdi). 

1363; Revue des medicaments nouveaux et de quelques medications nouvelles (Crinon). 

1363; La chimie de matifere vivante (Duclaux), 1363; Kurzgefasste Anleitung zu den 
wichtigeren hygienischen Untersuchungen (Fischer), 1363; Lehrbuch der Toxikologie ffir 
Ticrilrzte (Frfihner) , 1363; Dealin, ein neues Antiscptikum (Hancken), 1364; Botanisch- 
mikroskopisches Praktikum (Kienitz-Gerloff), 1364; Die Fabrikation des Surrogatkaffees 
und des Tafelsenfes (Lehmann), 1364; Beitrag zur Kenntniss der Wirkung der Formae- 
throlpriiparate (Liess), 1364; Examination of Water (Chemical and Bacteriological) (Mason), 

1364; Die Unter su chung und Beurteilung des Wassers und des Abwassers (OhlmuUer, 
Spitta), 1365; Laboratory Notes on Industrial Water Analysis (Richards), 1365; Introduc- 
tion to the Analysis of Drugs and Medicines (Nelson), 1365; Air, Water, and Food from a 
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Sanitary Standpoint (Richards, Woodman), 1365; Lehrbuch der Arzneimittcllehre und 
Arzneivcrordrungslehre (Tappeiner), 1366; The Compendium of Medicine and Pharmacy 
(Thompson), 1366; Nach Autoren und Sachnamen geordnete Sammhrag der wichtigstea 
Reagenzien und Reaktionen fiir Chemie, Pharmazie, Physiologie usw. (Waldheim), 1366; 
Nouveaux 616ments de pharmacie (Andouard), 1536; Elenicnte der physio logischen Chemie 
(Artlms), 1536; Das Wesen der Knzymwirkung (Bayliss), 1536; Guide pour les manipulations 
de chimie biologique (Bertrand, Thomas), 1537; Recherclies sur l’6puration biologique et 
chimique des eaux d’tfgout (Calmette), 1537; Vergiftungen, Klinischen Teil. 2 HUlfte: Die 
organischen Gifte (Erben), 1537; Chemie und Physiologic der Milch (Grimmer), 1537, Die 
Vergiftungen (Jaksch), 1537; Die Arzneitlicrapie der Gcgenwart (Kahane), 1538; Ueber das 
Wesen der Alkoholgiirung (Kohl), 1538, Hilfstabelle fiir Nahrungsmittelchemikcr (Kraus, 
Schwenzer), 1538; Mikroskopie und Chemie am Krankenbett (Lenhartz), 1538; Zur Fragt* 
von dem Einiluss der Milchnahrung auf den Stickstoff und Pliosphorumsatz (Minz), 1538; 
Die Eisenbakterien (Mohsch), 1538; Buchhcisters Vorsehriftenbuch fiir Drogisten (Otters- 
bach), 1539; Physical Chemistry, its Bearing on Biology and Medicine (Philip), 1539; Prac- 
tical Sanitation (Reid), 1539; Ueber Bcstmmiungsmethoden der Cellulose (Renker), 1539; 
Handbuch der Milchkunde (Rievel), 1539; Kursus der physio logischen Chemie mit Anleitung 
zur qualitativen und quantitativcn Analyst* des Horns (Rosanow), 1539; Lehrbuch der phar- 
mazeutischen Chemie. Teil I* Anorganischer Teil (Seholtz), 1539; Methoden der chemisciie 
en nycroscopische Diagnostick (Steensina), 1539; Cours de chimie physiologique et patholog- 
ique (Strzyzowski), 1540; Arbeiten aus dem pharmazeutischen Inslitut der Univcrsitat 
Berlin (Thoms). 1540; Ueber das Verhalten der Alkaloidc m den Organender Atropa bella- 
donna L (Trogele), 1540, Contribution a la connaissance de divers phenomfenes oxydasiques 
naturels et artificiels (Wolff), 1540; Ueber die Bindung der Dcrivate des Jods an das Gewebe 
der Leber (Wyssozky), 1540; Handbuch der Biochemie des Menschen und der Tiere, 1698; 
Atlas der Krystallformen und der Absorptionsbander der Ilaniochromogcuc (Dilling), 
Organanalytische Untersuchungen iiber dem Stickstoff- u. Pliosphox stuff wechsel u. ihre 
gegenseitigen Beziehungen (Grund). 1698, Bakteriologisch-chemisches Praktikum (Prescher, 

Rabs) 

Metallurgical and M tner alugical: Die binaren Metallegierungcn (Bornemann), 248; Der basisehe 
Herdofenprozess (Dichmann), 248; Spezialsttihle m Theorie und Praxis (Giesdft), 249; La 
m6tallurgie 6Iectrique (Grafligny), 249, The Theory and IYactice of Enamelling on Irtm and 
Steel (Griinwald), 249; Metallographie (Guer tier), 249; Igneous Rocks (Iddings). 249; Labora- 
tory Notes on Iron and Steel Analysis (Macf arlane) , 250 , The Recognition of Minerals (Moor) , 
251 ; Eisenrcduktion in Puddelofen (Otto), 251 ; Die Herstellung von h^chprozentigen Ferro- 
silidum ini elektrischcn Ofen (Pick, Conrad), 252; Zink. Zinn, und Blei (Richter), 252; 
TabeUen zur Bestimmung der Mineralien mittels ausserer Kennzeichen (Weisbach), 253; The 
Metallurgy of Common Metals, Gold, Silver. Iron. Copper, Lead and Zinc (Austin), 428, 
Gold Refining (Clark), 428; Die Legierungen (Fennum), 428; Analyse des nuHaux par 
electrolyse. M£taux industriels; alliages, minerals, produits d’usmes (Hollard), 429, Sum- 
mary of Alloys (Janecke), 429; Technical Methods of Ore Analysis (Low), 429 ; Blast Furnace 
Practice (Morgan), 429; The Elements of Metallography (Ruer), 430; Hints on Amalgama- 
tion and the General Care of Gold Mills (Adams), 575; Industries du plomb et du mercure. 
Bd. I. Mltallurgie (Bouchonnct), 575; Die Metallhiittencheraie (Qrthey), 576; Crystal- 
lography: An Elementary Manual fen- the Laboratory (Wadsworth), 576; Text- Book of Ore 
Dressing (Richards), 728; Fuel and Refractory Materials (Sexton), 728; The Chemistry of 
Cyanide Solutions Resulting from the Treatment of Ores (Clennell), 813; Die physikalisch- 
chemisclien Eigenschaften der Legierungen (Dessau), 813; Analyse thermique et metal- 
lographie microscopique (Rengade), 814; The Corrosion of Iron and Steel (Sang), 814; Book 
of Precious Stones. Identification of Geras and Gem Minerals and Account of their Scien- 
tific, Commercial and Artistic Aspects (Wodiska), 814; Analyse der Silicat- und Carbon- 
atgesteine (Hillebrand) , 895; Industrie du chrome, du manganese, du nickel et du cobalt 
(Ouvrard), ‘895; La soudure autogtne des m6taux (Ragno), 895; Analyse thermique et 
metallographie microscopique (Rengade), 896; Zur chemisch-mineralogischen Erforschung 
der Deutschen Kali salzlagcrsta tie n (Rinne), 896; Leitf^den der Mineralogie (Ruska), 896; 
Metallography (Desch), 1008; Treatise on Ore and Stone Mining (Foster), 1009; Kurze 
Uebersicht liber aftmtliche Legierungen (Janecke), 1009; Metallography Applied to Sider- 
urgic Products (Savoia), 1010; HUttenm&nnische Probicrkunde (Schiitz), 1010; Mitteilungen 
aus dem eisenhiittenmknnischen Institut der Kgl. Techn. Hochschule Aachen (Wiist), 1010; 

, Dictionary of Portuguese Mining Terms, with French, English, and German Equivalents 
(Ackermann), 1110; The Corrosion and Preservation of Iron and Steel (Cushman, Gardner), 
1110; Ore Deposits of South Africa (Johnson), 1111; Manual of the Chemical Analysts of 
Rocks (Washington), 1112; Bleiroffination durch Elektrolyse (Betts), 1363; Die MetalF 
farbung (Buchner), 1363; Lead Smelting (Collis), 1363; A Reconnaissance of the Gypsum 
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Deposits of California (Fess, Steyer) , 1363; Die synthetischen Edelsteine (Grossmaun, Ncu- 
burger), 1363; The Mercury Minerals from Terlingua, Texas (Hillebrand, Schaller). 1364; 
Handbuch der Mineralogie (Hmtze), 1364; Durchfiihrung des Roheisen-Er* Prozesses im 
Martinofen (Kahncrt), 1364, Handb. der autogenen Sehweissung (Kautny), 1364; Beitr&ge 
zur Ezaufbereitung (Lukaszczyk), 1364, Modern Foundry Practice (Sharp), 1365; Modern 
Assaying (Smith), 1365, Tasclicnbuch fiir Eisenhiittenleute, 1366, Beitrdge zur Oxydation 
des Phosphors ini basischen Konverter (Voigt), 1366; La u<k>-m6tallurgie, ses moyens et 
ses methodes (Benoit). 1537; Ncue mussaualytisclie Methoden zur Bestimmung von Eisen 
und Blei (Bollenbach), 1537, Etude stir la corrosion des metaux (Buzenac), 1537; Essais des 
fers et des aciers par corrosion (Fremont). 1537; Iron-ore Resources of the World, 1537; 
Studicn iiber die Zusaminenscl/utig heliumfilhrender Mineralien (Lange). 1538; Note sur 
la fabrication dectrolytique de l’aluminium (Lodin), 1538; A Treatise on Electrometallurgy 
(McMillan), 1538; Precis dc rmkallurgic (Peclieux) , 1539, Ueber die bindren Systemc des 
Natriummetasilicats mit Lithium-. Magnesium , Calcium-. Strontium-, und Bariummetasili- 
cat (Wallace), 1540; Der praktische Ilochofcnbctrieb (Bender). 1698; Mineralogia descrit- 
tiva (Bombici), 1698; Mitteilungen aus dem Institut fur Metallographit* und Probierkunde 
an der kgl. siiehs. Bergakademie Freiberg (Friedrich), 1698; The Cupola Furnace (Kirk), 

1699; Die Untersuchungsmethoden des Eisens und Stahls (Rtidisiile) 

Photography: Die Herstellung von IMapositiven (Hanneke), 249, Optisclies Hilfsbuch fiir Plioto- 
graphierende (Harting), 249, Vergr6*sc»rn und Kopieren auf Bromsilberpapier (Ldscher), 
250; Die photographische Praxis (Schmidt). 252, Photographic (Vogel), 253, Taschenbuch 
der Photographie Kin Leitfadeu fiir Anfdngcr und Fortgesclirittene (Vogel), 253; Photo- 
graphisches Reisehandbuch (Wentzel, Paech), 253; Ueber Farbenphotographie und ver- 
wandte naturwissenschaftliche Fragen (Wiener), 254 ; Photography in Principle and Practice 
(Bottomley), 428, The American Annual of Photography (Tennant), 430; Wie erlangt man 
brillante Negative und sell One Abdrucke (Hauberrisser), 727; Trait 6 pratique de i>hoto- 
graphie des couleurs (Niewenglowski), 895, Le diatnidophenol acide en photographie (Under- 
berg). 896. Lexikon fiir Photogiaphie u Reproduktionstechnik (Emmerich), 1008, 
Kaufmamusches Handbuch des Photogruphen (Frank), 1363, Chemistry for Photographers 

(Townsend) 

Agricultural: Fabrication des engrais cliimiques (Fritsch), 249; Fertilizers and Manures (Hall), 
249; Das Kalisdicat (Phonolithmehl) als Kahdtingemtl tel (Wein), 253, Mineralische Dtinge- 
mittcl u Krnteergebmsse (Schueider). 430, Klciues ilandworterbuch der Agrikulturchemie 
(Passon), 728; Kleiuos Handwdrterbuch der Agrikulturchemie (Passon) , 895; Soil Fertility 
and Permanent Agriculture (Ilopkms), 1111, Die Kalk- uud Magiicsiadungung (Mever), 
1111; Fertilizers and Feeding Stuffs (Dyer), 1363, Cliemie und landwirtschaftl Neben- 
gewerbe (Mever), 1365, Soils and Manures (Murray), 1365; Die Kalidttngung (Schneide- 
wind). 1365; Dimgerlehre (Stutzer). 1366, Agricultural Bacteriology, Theoretical and Prac- 
tical (Percival), 1539; Fertilizers for Wheat Soils (Whitney) 

Fermentation Die Mikroorganismen der Gkrungsindustrie (Jfirgensen), 250; Leitfaden der Chemie 
fiir Brauer und Malzer (Knorr), 250; Die Spiritusindustrie, lhre Technik, Steuem und 
Monopole (Linschmann), 250, Composition chimique des alcools d'industric ct des spiritueux 
(MoraucO. 251 , Zuckerungstabellen zur gesetzlich erlaubten Verbesserung der TraubensSite, 
und Weine, sowie der Obst- und Becrensafte (Scluitzlein), 430, Tabellen zur Erxnitteluug der 
freien Satire, sowie der fUiclitigen utid mchtfliichtigcn Saiiren im Wein (Friese), 575; Prakt- 
ische Destillateur-Kursus (Goettlcr), 576, Tafel zur Umrechnung der Volumprozente in 
Gewichtsprozente und der Oewichtsprozente in Volumpro/entc bei Branntwcinen, ber- 
echnet nach den amtlichen Zalilen der kaiserlichen Normal- Kiehungskotnmission (Plato), 
576; La chimie et la bactfcriologie du brasseur Hannut. (Flamand), 727; Bicrbrauerei 
(Codounsky), 1008; Contribution a I’analysu physico-cliimique des vins (Duboux), 1008; 
Die Malz- und Bierbereitung (Lcyser), 1009; Praktische M&lzerei-und Brauerei-Betriebsko- 
turolle (Schiff erers) , 1010; Distillazioue del vino ed utihzzazione dei residui della vimficazione 
(Cettolini), 1110; Dal mosto al vino La fernicntazioue alcoohca. 1110; Illustriertes Braucrei- 
Lexikon (Delbruck), 1537; Atlas der mikroskopischen Grundlagcn der Garungskunde 
(Lindner), 1538; Utilisation des sous-produits de la vigne et du vin (Vermorel, Dantony) . 
Essential Oils' Ueber die Kntwickelung der Industrie der aetherischen Ole in den letzten 25 
Jaliren (Hesse), 428; Die modernc Parfiimerie (Mann), 728, Laboratoriumsbuch fiir die 
Industrie der Riechstoffe (Simon), 728; Die Mherischen Oele Monographien uber chemisch- 
technische Fabrikationsraethoden (Leimbach), 1364; Theorie der Gewinnuug und Trennung 

der fttherischen Oele durch Destination (Rechenberg) 

Acids, Alkalies and Salts: Die Fixierung des Luftstickstoffs und lhre Bedeutung fiir Ackerbau und 
Industrie (Erdmann), 248; Ueber die Darstellung des Chlorkalmras aus Hartsalz (Felb), 
248; La fabrication dlectrochimique de I’acide nitrique ct des composes nitres k t’aidc des 
616ments de Pair (Escard), 428; Fertilizer and Add Plants (M&cKnight), 429; Ueber die 
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Darstellung des Chlorkaliums aus Hartsalz (Feit), 575; The Manufacture of Sulphuric 
Add and Alkali, with the Collateral Branches (Lunge), 576; Die Stickoxybildung aua Luft 
xmt Hilfe einer Gleichstromentladung niedriger Spannung tin ter vermindertem Druck 
(Morden), 728; Ucber Luftsalpeter (Jurisch), 813; Die Gewinnung des Broms in der Kali- 
industrie (Mitreiter), 814; Industries des addcs mingraux. Addes sulfurique, chlorhydrique 
et azotique (Band), 894; La soude dectrolytique (Brochet), 1363; Gesetx fiber Absatz von 
Kalisalzen vorn 23 Mai 1910 (Silberberg), 1699; IUustr. Jahrbuch der Wirtschaft und 
Technik im dcutschen Kalisalzbergbau, ncbst Richskaligesetz rnit einer krit. Einleitung 

(Stange).. 1699 

Glass and Ceramics: Glas&tzerei (Miller), 251; History of the Clay-working Industry in the 
United States (Ries), 252, Einfaclies cheraisches Praktikum ffir Keramiker, Glastechnike, 
Metalltechniker usw. (Berdcl), 428; Ke/amik (Rudolph), 430; Steingutfabrikation (Heim), 

813; Porzellan (Ricke), 814; Aus der Praxis eines Glashiittenfachmannes (Schippman), 814; 

Die Tonwarenerzeugung, mit besonderer Berficksichtgung der chemischen Grundlagen 
(Rudolf), 1010; Photokeramik (Fleck), 1111; Die Bayerische Spiegelglasindustrie (Berlin), 

1363; Der elektnsche Ofen im Dicnste der keramischcn Industrie (Brown), 1363; La tech- 
nique de l'lmaillerie modeme (Grunwald), 1364; Laboratoriumsbudi ffir die Tonindustrie 

(Bollenbach), 1537; La c&ramique francaise (Peyre), 1539; Das Porzellan (Riekc) 1699 

Cement: Portland Cement (Davis), 248; Der Erh&rtungsprozess der Kalkhaltigen hydraullschen 
Bindemittel (Michaelissen), 251; Hydraulischer Kalk und Portlandzement, ihre Rohstoffe, 
physikalischen und chemischen Eigenschaften (Zwick), 254; Der Eisenbetonbau (Haimovid), 

576; Anleitung zum Entwerfeu und zur Bercchnung der Standfestigkeit von Fabrikschorn- 
steinen aus Mauerwerk, Eiscn und Eisenbeton. ncbst den hieruber erlassen Bestimmungen 
und die rauchfreie Verbrennung bei Pampfkesseln (Jahr), 576; Cement in Sea Water (Poul- 
sen), 576; Zement im Meerwasser (Poulien), 814 ; Cement and How to Use it (Radford), 1111; 
Laboratoriumsbudi ffir die Zemeutindustries (v. Arlt), 1362; Zentralblatt ffir Chemie und 

Analyse der hydraulischen Zemente 1366 

Fuels and Liokting: Torfkoks und Kraftgas (Jabs), 250; Die fifissigen Heizmaterialien und ihre 
Anwendung (Rossm&ssler ) , 252; Les combustions industrielles Le controle chunique de la 
combustion (Rousset, Henri, Chaplet), 252; Kokcrei und Teerprodukte der Steinkohle 
(Spilker), 253; Commercial Peat; Its Uses and Possibilities (Gissing), 428; Coal Tar and 
Ammonia (Lunge), 576; Modern Coking Practice; Including the Analysis of Materials and 
Products (Byrom, Christopher), 727; Ueber Gasfile und Oelgas (Hempcl). 727; Acetylene: 

The Principles of Its Generation and Use (Leeds, Butterfield). 727; Rechentafeln ffir Be- 
leuchtungstechniker (Bertelsmann), 813; American Producer Gas Practice and Industrial 
Gas Engineering (Latta), 813; Vorlesungen fiber BrennstofFkunde (A^fhfiuser)^ 894; Il- 
lumination and Photometry (Wickenden), 896; Einrichtung und Betrieb eines Gaswerkes 
(Schfifer), 1010; Theorie und Praxis des Generatorbetriebes (Waldeck), 1010; Das Genera- 
torgas. seine Erzcugung und Verwendung (Kietaibi), 1111; Betriebsbuchfuhrung ffir Gas- 
werksbetriebe (Greineder), 1363; Die Oelfeuening im Schmiedebetrieb und im der Metal- 
warenfubrikation (Pick), 1365; L’6clairage industriel (Berthier), 1537; Die Technik der 
Verbrennung und Energiegewinnung aus st&dtisclien Abfallstoffen (Meyer), 1538; Ueber 


Okonomischen Kohlenverbrauch (Parma) 1359 

Petroleum and Asphalt: Erdwachs, Paraffin, und Montanwaehs, deren Darstellung und Verwen- 
dung (Gregorius), 428; Untersuchung der Mineral Ole und Fette, sowie der ihnen verwandten 
Stoffe (Holde), 428; Solid Bitumens (Peckham), 576; Fabrication des builes mind-ales et 
pyrog4n6es (Ehrsam), 813; Oil (Mitchell), 1538; Ueber Asphalt- und verwandte Industrien 

(Weil) 1540 

Paper: Die wirtschaftliche Bedeutung der techn. Entwicklung in der Papierfabrikation 

(Schaefer), 252; Kurzes Lehrbuch der Chemie ffir Papiertcchniker (Skark) 1365 


Explosives: Die Sprengstoffe. Darstellg. u. Untersuchg. der Sprengstoffe u. Schiesspulvcr 
(Kedesdy), 250; Die Ammonsalpetersprengstoffe (Escales), 428; Die Sprengstoffe, ihrer 
Chemie und Technologic (Biedermann), 1110; Les explosifs militaires violents (Macar, 
Dalattre), 1364; Annual Report of His Majesty’s Inspectors of Explosives, 1698; Chlorat- 

faprengbtoffe (Escales) 1698 

Dyes and Textils: The Practical Dry Cleaner, Scourer and Garment Dyer (Baird), 247; Les 
succld&nls de la soie. Les soies artificiclles (Chaplet, Rousset), 248; Der Indigo und seine T 
Konkurrenten (Felsen), 248; Lehrbuch der Farbenfabrikation (Gen tele), 249; Handbuch der 
Farbenfabrikation (Zerr, Rilbencamp), 254; Die volkswirtscbaftliche Bedeutung deskfinst- 
fichen Indigos (Jenke), 576; Mikrophotographischer Atlas der industrieUen Faserstoffe 
(Zetzschc) , 576; A Manual of Dyeing (Knecht) , 727; A Course in Dyeing for Garment Dyers 
(Prag), 728; La soie artifidelle et sa fabrication (Foltzer), 895 ; Ramie China Grass (Carter), 

1008; Die Theorie des Farbeprozesses (Pelet-Jolivet), 1010; Chemisette Technologic der 
Gespinstfasern, ihre Geschichte, Gewinnung, Verarbeitung nnd Veredlung (Witt, Lehmann), 
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1010; Dyemfif and Cleaning (Farrell), 1111; Das F&rben und Bleichen von Baumwolle, Seidc, 
Leinen, Etc. (Herzfeld), 1111; Der Farberlehrling ira Chemie Ex amen (Kieltneyer) , 1364; 
Modcrne Batistfarben (Zimmermann), 1366; Anleltung zur Unterscheidung von Textil- 
materialen (Htinlich), 1537; Guide pratique de teinture moderne, suivi de l’art du tein- 
turier dtgraisseur (Thomas), 1540; Les succtdants de la soie (Chaplet. Rousset), 1698; Die 
Chemie der Cellulose, untcr besonderer Beriicksicbtigung der Textil- u. Zellstoffindustrien 


(Schwalbe) 1699 

Paints and Varnish: Oelfarbe und Oelfarbenanstriche (Hebing), 249; Couleurs, peintures et 
vernis (Desalmc, Picrron), 895; Linseed Oil and Other Seed Oils (Ennis). 895; An Introduc- 
tion to the Chemistry of Paints, with Diagrams (Friend), 1537; Handbuch der Loch- und 
Firnis-Industrie (Seeligman, Tieke) 1539 


Rubber: Manuel pratique de la fabrication du caoutchouc et du produits qui en dtrivent (Heil, 
Esch), 249; Analyse du caoutchouc et de la guttapercha (Pontio), 252; Le caoutchouc 
(Fayol), 428; The Chemistry of India Rubber (Weber). 896, India Rubber and Gutta- 
Percha (McIntosh). 1009; Etude sur la production du caoutchouc dans les colonies Fran- 

caises (Chartier). 1110; Le caoutchouc (Tillier) 1540 

Fats, Fatty Oils and Soaps: Die kaustische und kolilensaure Verseifung in der modernen Seifen- 
industrie. Die Haushaltungsseife (Kirchner), 813; Die Fette und Oele, Parstellung der 
Gewinnung und der Eigcnschafteu aller Fette, Oele u. Wachsartcn, der Fctt u Oelralhnerie 
u. der Kerzenfabrikation (Thalmann), 896; Emheitsmethoden zur Untersuchung von Fetten, 
Oelen, Seifen und Glycerinen sowie sonstigen materialien der Seifenindustrie, 1363, Technol- 
ogic der Fette und Oele (Hefter), 1304; Beitrage zur Chemie u. Analyse der Fette (Hei- 

duschka, Pfizenmaier) 1537 

Sugar: Manuel de la fabrication du sucre de bettcrave a I'usage des praticiens (Vrancken, Au- 
lard, 253; The Manufacture of Cane Sugar (Jones. School), 429; Beet-Sugar Making and Its 
Chemical Control (Nikaido), 576; Der Zuckcrriibenbau und die Fabrikation des RUben- 
zuckcrs, nach den ncuesten Erfahrungen der Wissenschaft und der Praxis (Stift, Gredinger). 

896; Technical Calculations for Sugar Works (Mittelstaedt), 1111; Ueber massanalytische 
Mcthoden zur Bestimmung der Zuckerartcn (Lehmann), 1538, Jnhresbencht fiber die 
Untersucliungen und Fortschntte auf dem Oesamtgebiete der Zuckerfabrikation. 1699; 
Ueber das Vorkommen von Raffinose in Rohzucker und deren Bestimmung (Strohmer) . . 1699 
Leather: The Manufacture of Leather (Bennett), 247, Zur Kenntms des Gcrb processes 
(Schroeder), 576; Lederfabrikntion (Krttnlein), 813; Die pflanzlicben Gerbstoffe Uebersicht 
iiber Vorkommen. Kigenschaften, Gewinnung und Anwendung der wichtigercn pflanzlichen 
Gerbstoffe (Eranke) . 895 ; Practical Tauning (Fleming) , 1111; Chemie der Gerbstoffe (Nicren- 

stein) 1538 

Miscellaneous Technology Masscndestillation von Wasser (Bothas), 248; Holzverkohlung und der 
KOhlereibetneb (Denz), 248; Der Graphit (Haemg), 249, Der Sclimirgel und seine Industrie 
(Hacmg), 249; Die Kitte und Klebeimttel (Lehner), 250; Calciumcarbid-Fabrikation (Liebe- 
tunz), 250, Ueber die Verpuffungs- und Verbrcnnungsprodukte von Celluloid (Pfyl. Rase- 
nack), 252; Der Oelfarben-Kopierprozess nach Rawlins (Puyo), 252; Die Praxis des Gum- 
midruck verfahrens (Quedenfeldt) , 252 ; Monographien iiber angewandte Elektrocliemie XXXI 
B ElectrolytlytisdicZahler (Worden). 254; Die Destination industrielles und forstwirtschaft- 
licher Holzabftille (Ilorper), 428, The Transportation of Gases, Liquids and Solids, by Means 
of Steam, Compressed Air and Pressure Water (Nagel). 429; Die Ilolzstoff und Holzschhff- 
Fabrikation (Schubert), 430; Gruudzffge der Elektrotechmk zum Gebrauche an gewer- 
blichen Leliranstalteu (Wolf), 430; Baking Powder and Other Leavening Agents (Foot), 575; 
Hilfsbuch fiir den Apparatebau (Huusbrand). 576; Modern Bleaching Agents and Deter- 
gents (Bottler), 727; Industrial Diseases and Accidents (Greer), 727; Technologie der llolz- 
. verkohlung (Klar), 727; A Practical Manual on Sea Water Distillation (Normandy). 728; 

Die Entwicklung der Elektrochemie in gemeinverst&ndlicher Darstellung (Ostwald), 728; 

Die Fabrikation der GHihkorper fiir Gasgliihlicht (B6hm), 813; Chemie fiir Teehniker 
(Hahn), 813; Einrichtung eines Fabrik labor atoriums (Scheffler). 814; Wood Preservation in 
the United States (Sherfesce), 814; Lc*s mat it res abrasives industrielles. Les metaux 
splciaux mangantse, chrome, etc. (Escard), 895; Handbuch der Kaliwerke, Salinen. Tief- 
bohrun terneh tn u ngen und Petroleum Industrie (Myer), 895; Le paiu, fabrication rationelle 
historique (Strand). 896; Die elektrochemischen Paten tschrif ten der Vereiuigten Staaten. 

Bd. I: Elektrothermisthe Verfaliren und Apparate; Kntladungen durch Gasc (Ferchland), 

1008; Handbuch der Kaliwerke, Salinen, Tiefbohrunternehmungcn und Petroleum-In- 
dustrie, 1009; Jahresbericht iiber die Leistungen der Chemischen Technologie, mit besonderer 
Beriicksichtigung der Elektrochemie und Gewerbestatistik fiir das Jahr 1910, 1009; Lehr- */ 

buch der technischen Physik (Lorenz), 1009; Das Trocknen u. die Trockner (Marr), 1009; " 

Horstellung und Verwendung der verdichtcten und verfliissigten Gase (Scholl), 1010; Der 
Kesscl&tejn, seine Eutstehung und Verhiitung (Andres), 1101; Einfiihrung in die te<?hnische 
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Elektrochemie (Askenasy), 1110; Chemisch-tecbnische Spezialit&ten und Geheimnisst mit 
Angabe ihrcr Zusammensetzung noch den bew&hrtesten Chcmikern (Capaun-Karlowas) , 
1110; Chemische Technologie der Neuzeit, 1110; Handbuch der Brikettberdtung (Franke), 
1111; Handbuch der deutschen Akti en-CVesellsch af ten , 1111; The Fire-Resistive Properties 
of Various Building Materials (Humphrey). 1111; Praktisches Handbuch des Zeugdrucks 
(Lauber), 1111; Hilfsbuch filr W&rme und Kalteschutz (Andersen). 1362; Die mechanische 
K&lteerzeugung (Ewing), 1363; Jahrbuch der deutschen Braunkohlen-, Steinkohlen- und 
Kab-Industric, 1364; Jahrbuch der technischen Soudergebiete, 1364; Lueger's Lexicon 
gesamten Technik, 1364 ; Beitrage zur Theorie des Huntington-Heberlein-Prozesses (Richter), 
1365; Der elektrische ofen (Bronn), 1537; Proktisdie Anleitung zur Inbetriebsetzuug Hoff- 
mannschcr Ringofen (Burghardt), 1537; Chemische Technologie der Neuzeit (Dammer), 
1537; Kinrichtung von Fabriklaboratorien (Scheffler) , 1539; Le celluloid, fabrication, ap- 
plications, substituts (Masselon, Cillard), 1699; Allgememe chemische Technologie (Ranter), 
1699; Engineering Chemistry (Stillman), 1699; Handbuch der Fabrikatlon {Zerr, Ruben - 


kamp) 1700 

Newell, L. C. A Course in Inorganic Chemistry for Colleges (book), review 725, title 251 

Nbwth, G. S. A Text-Book of Inorganic Chemistry (book), 429; Chemical Lecture Experi- 
ments (book) 429 


New York section Pr. 46, 60. 67. 81, 87, 94. 123 


Nickel, electrolytic determination of, 1629; new volumetric method for 


757 


Nicolas, E. See Porcher, C 

Nierbnstein, M. Chemie der GerbstofTe (book) 1538 

NIEWENGLOW9KI. G. H. Traits pratique de photographic des coulcurs (book) 895 

Nikaipo, Y. Beet-Sugar Making and its Chemical Control (book) 576 

Nitrates, determination of, in water. 630; effect of, on the precipitation of barium sulphate 613 

Nitric add, silver nitrate formed by the action of, on silver sulphide, 1030, solubility of gold in. . 318 

3-Nitro-4-acetaminobenzonitrile, preparation 1497 

2-m-Nitrobenzalacetylnaphthol-l and properties 1484 

j>-Nitrobenzoiiitrile, preparation 1495 

Nitrogen, ammoniacal, application of the Folin method to the determination of, in meat. 561 ; 


atomic weight of. 1, 255, 257; determination of ammonia nitrogen in water in the presence 
of hydrogen sulphide. 1256; estimation of small quantities of nitrogen Pelouze's re- 


action, 1237; nitric, influence of chlorine upon the. determination of * 756 

Nitroisocampliolactone 1666, 1668 

2- (6-Nitro-3,4-methylenedioxyphenyI)naphthoflavanone and bromine derivative 1488 

Nitrophenols, preparation of <>- and p- n v 1105 

3- Nitrophthalic add, derivatives of 1327 

4- Nitrophthalic add, derivatives olt. 1328 

4-Nitroph thalodi anilide 1322. 1329 

3- Nitrophthalo-j9-naphthylamidic add 1328 

4- Nitrophthalo~£~naphthyIamidic add, 1322; preparation. 1329 

3-Nitrophthalophenylamidic add, transformation of 1327 

2-(6-Nitropiperonylalcohol) acetylnaphthol-1 1485 

1,3,4-Nitrotoluidiue, condensation of, with chloral-aniline 975 

Noble, R. P. Extraction apparatus (note) 1533 

Noelting, F. A. M. Contributions & la connaissance des oxyald&iydes orthovanillin at I* 

aldehyde orthov6ratrique (book) 429 

Norman, G. M. Systematic Practical Organic Chemistry (book) 728 

Normandy, F. A Practical Manual on Sea Water Distillation (book) 728 

North, H. B. The action of thionyl and sulphuryl chlorides on mercury and mercuric oxide. . 184 

North Carolina section Pr. 56, 1 1 1 

Northeastern section Pr. 6, 59. 67, 86, 127 

Noyes, A. A. Quantitative application of the theory of indicators to volumetric analysis 815 


Noyes, A. A; aud Falx, K. G. The properties of salt solutions in relation to the ionic theory. . 101 1 
Noyes, A. A., Kato, Y. and Sosman, R. B. The hydrolysis of ammonium acetate and the 


ionization of water at high temperatures . 159 

Noyes, A. A. and Stewart, M. A. The ionization relations of sulphuric add I 1133 

Noyes, W. A. Molecular rearrangements in the camphor series (V) Mechanism of the re- 
actions by which laurolene is formed, 1068; Report of the Editor of the Journal of the 

Chemical Sodety and Chemical Abstracts Pr. 15 

Noyes, W. A, and Derick. C. G. Molecular rearrangements in the camphor series (111). Oxi- 
dation products of l- and d-laurolene 1061 

Noyes, W. A. and Hombekoer, A. W. Molecular rearrangements in the camphor aeries, 

VI. Isocampholactone 1665 
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Noyes, W. A. and Knight, L. Molecular rearrangements in the camphor series, VII. De- 
rivatives of isocamphoric acid; Ldihydrohydroxycampholytic acid 1669 

Noyes, W. A. and Kyriaxides, L. P, Molecular rearrangements in the camphor series (IV). 
Synthesis of laurolene, 1064; synthesis of the a, a'-diinethyladipic adds, and separation 

of the racemic add into optical isomers 1057 

Nudeic adds, biochemistry of, 23 1 ; analysis of, 234 ; components of, 235 ; constitution of, .237 

Nutrition, The Elements of the Science of Nutrition (Lusk, book) 1007 

Oates, W. M. See Wheeler, A. S. 

Obbrmiller, J. Die oricntierendcn Einfliisse und der Benzolkern (book) 251 

Obituary, Barker, Pr. 113; Cannizzaro, Pr. 97; Dudley, Pr 48, Gibbs, Pr. 69; Goessmann, Pr. 131 
Occhialini. A. See Battelli, A. 
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Organic compounds, action ot magnesium upon the vapors # of, 388, cause of color m. 795; 

nitrogenous, in peat soils 396 

Organic matter, determination of total sulphur in 977 
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Parsons, C. L. Chemistry and Literature of Beryllium (book), 251; see Moses, A. J, 
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Perkin, W. H. and Lean, B. An Introduction to Chemistry and I’ll y sics (book) 429 
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Kaiser lichen Normal-Eichungskomission (book) 576 

Plotnikov. Photochemie (book) 814 
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Power, F. B. and Salway, A. H Chemical examination of pumpkin seed, 346; chemical 

examination of water-melon seed 306 
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Prag, E. A Course in Dyeing for Garment Dyers (book) 728 
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Pumpkin seed, chemical examination of 346 

Puyo; C. Der Oelfarben-Kopierprozess nach Rawlins (book) 252 
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hydrolysis of cane sugar by acids a ummolecular. when observed with a polariseope? 885; 
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Shorey, E. C. See Schreiner, O. 

Shorby, E. C. and Lathrop, E. C. Pentosans in soils 1680 

SiDBRsky, D. La r&fractom4trie et ses applications pratiques (book) 576, 1699 

Sxlbbrbbrg, L. Gesetz iiber Absatz von Kalisalzen vorm 23 Mai 1910 (book) 1699 

Silberrap, O and Roy, C. S. The condensation products of mellitic acid with metaamino- 

phenol and their bearing on the relationship of color and fluorescence to constitution 189 

Silicates. Analyse der Silikat- und Karbonat-Gesteine (Hillebrand, book) 724 

Silver, atomic weight, 2, 4, 257, 1591, character of silver deposits from various electrolytes, 

1571 ; determination of the silver corresponding to calcium bromide, 1586; rapid determina- 
tion of, by means of the mercury cathode and stationary anode, 1231; ratio of lithium 

chloride to 31 

Silver bromide, determination of the relation of calcium bromide to 1588 

Silver chloride, conductance of saturated solutions, 53; precipitation and weighing of, 28; ratio 

of lithium chloride to, 4, solubility of, at high temperatures 50 

Silver nitrate, formed by the action of nitric acid on silver sulphide 1030 

Silver phosphate, analysis of, 298, preparation of, 303, specific gravity of 314 

Silver sulphide, silver nitrate formed by the action of nitric acid on 1030 

Simmbrsbach, F. Die geologischen Unterlagen des Radiums (book) 1010 

Simon, O Labor atoriumsbucli fiir die Industrie der Riechstoffe (book) 728 

Siphon, an improved 810 

Sloan. W. H. On the preparation of a cuprous nitrate, CuN0 3 .2NH a (note), 972; the conduc- 
tivity of some concentrated aqueous solutions at zero 946 


Smiles. S. The Relations between Chemical Constitution and Some Physical Properties (book) 1539 
Smith. A. Does calomel furnish another contradiction of the theory of heterogeneous dis- 
sociation equilibrium?, 187; Einftihruug in die allgemeine und anorganische Chemie auf 
elementare Grundlage (book), review 426, General Chemistry for Colleges (book), review. 427 
Smith. A and Mbnzies, A. W. C. A common thermometiic error in the determination of boil- 
ing points under reduced pressure, 905 ; studies in vapor pressure: (I) A method for deter- 
mining under constant conditions the boiling points of even minute quantities of liquids and 
of non-fusing solids. 897; (II) A simple dynamic method applicable to both solids and 
liquids, for determining vapor pressures and also boiling points at standard pressures, 

907; (III) A static method for determining the vapor pressure of solids and liquids. 

1412; (IV) A redetermination of the vapor pressures of mercury from 250° to 435°, 

1434; (V) A dynamic method for measuring vapor pressures with its application to be#- 
rent and ammonium chloride, 1448; (VI) A quantitative study of the constitution of 


calomel vapor 1541 

Smith, E F George Frederic Barker (obituary) . Pr. 113, see Buckminster, I. H. ; see Goldbaum, 

J. S.; see Rollick, L. G. 

Smith, G McP. Heterogeneous equilibria between aqueous and metallic solutions: the inter- 
action of mixed salt solutions and liquid analgams (I) 502 

Smith, G. McF and Bennett, H C. Additional notes on the alkali and alkali earth amalgams 622 

Smith, }. C. Oxide of Zinc, its Nature, Properties and Uses (book) .253 

Smith, J. R. Modern Assaying (book) 1365 

Sodium, heat of solution of, in mercury, 1466; in sea water 647 

Sodium acetate, equivalent conductance of 161 

Sodium amalgam, electrode potential of dilute 1460 

Sodium electrode, the potential of the 1459, 1466 

Sodium hydrogen sulphate, solutions of 1151 

Sodium pet chlorate, preparation of perchloric acid from 66 

Soilb, organic nitrogenous compounds in peat soils, 396; pentosans in, 1680; rate of extraction 

of plant food constituents from a loam soil, 879; some acid constituents of soil hutnus 1674 

Solids, determining under constant conditions the boiling points of non-fusing, 897 ; determining 
vapor pressures and boiling points of, at standard pressures, 907 ; static method for determin- 
ing the vapor pressures of 1412 

Solubility of barium nitrate and barium hydroxide in the presence of each other, 1383 ; of calomel 
vapor in mercury, 1551 ; of gold in nitric acid, 318; of silver chloride, barium sulphate and 
calcium sulphate at high temperatures, 50; of strontium nitrate and strontium hydroxide 

in the presence of each other 1387 

Solubility product, the inconstancy of the 1186 

Solutions, colligative properties of, 496; conductivity of some concentrated aqueous, at zero, 946; 
heat of dilution of add, 1176; heterogeneous equilibria between aqueous and metallic, the 
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Sprachgebietcs (book) 1539 

Somm krf eld, P. Milch und Molkereiprodukte; ihre Eigenschaften, Zusammensetzung und 

Gewinnung (book) 896 

Soncini, T. L’ambiente chimico ed i fermenti selezionati (book) 896 

Sosman, R. B. See Noyes, A. A. 

Spear. E B. The causes of the high results in the electrolytic determination of zinc 533 

Spear. E. B., Wells, E. E. and Dyer, B. Electrolytic determination of zinc 530 
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(book) review 1534, title 253 

Spbtbr, M. Lavoisier und seine Vorl&ufer (book) 1112 

Spiegel, L. Chemische Konstitution und physiologische Wirkung (book) 253 

Spilkbr, A. Kokerei und Teerprodukte der Steiukohle (book) 253 

Spitta, O. See Ohlniiiller, W. 

Sporbr, J. L. Rack for holding reagents in bulk (note) 884 

Stahlbr, A. See Stock, A. 

Standardization, resolutions governing committees of the American Chemical Society, and of 

its divisions, having to do with the, of methods of analysis Pr. 106 

Stangb, A. Illustr. Jahrbuch der Wirtschaft und Technik im deutschen Kalisalzbergbau, 

nebst Reichskaligesetz mit einer krit. Einleitung (book) 1699 

Stbbnsma, F. A. Methoden der chemische en microscopische Diagnostiek (book) 1539 

Steinhorst, H. Studien iiber Konstitutionsermittelung monohalogenisierter, mono- und 

dialkylierter Monoketone der Cyclohexanreibe (book) 1366 

Step, J. Das Radium und seine Eigenschaften (book) 253 

Stereochemistry 425 

Stevenson, R. See Baskerville, C. 

Stewart, A. W. Recent Advances in Physical and Inorganic Chemistry (book), review 574, 

title T.. . v 253 

Stewart, M. A. See Noyes, A. A. 

Stewart, R. and Greaves, J. E. The influence of chlorine upon the determination of nitric 

nitrogen ,' 756 

Stbyer, G. See Fess, F. » * 

Stieglitz, J. Catalysis on the basis of work with imido esters 221 

Stift, A. und Gredingbr, W. Der Zuckerrtibenbau und die Fabrikation des Riibenzuckers. 

nach den neuesten Erfahrungen der Wissenschaft und der Praxis (book) 896 

Stilbazoles, the synthesis of some 1654 

Stillman, T. Engineering Chemistry (book) 1699 

Stock, A. and Stahlbr, A. Praktikum der quantitativen anorganischen Analyse (book) .... 430 

StrjObmer, F. Ueber das Vorkommen von Raffinosc in Rohzucker und deren Bestumnung (book) 1699 

Strontium, atomic weight, 1114; metallic 1222 

Strontium hydroxide, solubility of strontium nitrate and in the presence of each other „ . 1387 

Strontium nitrate, solubility of strontium hydroxide and in the presence of each other 1387 

Strzyzowski, C. Cours de chemie physiologique et pathologique (book) 1540 

Stutzer, A. Dilngerlehre (book) 1366 

2-Styryl-7-acetamino-4-quinuzolone 1 662 

2-Styryl-3-amlno-4-quinazolone 1660 

2-Styryl~3-benzalamino~6-acetanuno-4-quinazolone 1664 

2-Styryl-3-benzalamino-7-acetamino-4-quinazolone 1664 

2-Styryl-3-benzalamino-4-quinazolone, 1659; hydrochloride, 1660 

2-Styryl 3 benzoylatmno-4-quinazolone 1660 

2-Styryl~3,7-diacetamino-4-quinazolone 1664 

2-Styryl-3 ,7-dibenzalamino-4-quinazolone 1 663 

2*Styryl-4-hydrQxyquioazoline 1657 

2-St* ry 1-3 -methyl- 7-acetamino-4-quinazolone 1663 

2-Styryl-3-metbyl-7-amino-4-quinazolone 1663 

2-Styryl-3-methyM-quinazolone. 1658 

2-Styryl-4-quinazolone 1657 
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Sucrose, action of, in preventing destruction of invertase, 1353; inversion of, by invertase, 774, 

985, 1220, 1350; is its hydrolysis by acids a unimolecular reaction when observed with a 
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Sugar analysis. Wall Charts for Sugar Chemists (Rodgers, book) 811 

Sugar lactones, relation between the chemical constitution and the optical Totat or y power 338 

Sugars, a review of discoveries on the mutarotation of the, 889; determination of the con- 
stitution of 343 

Sulphates, exact determination of sulphur in soluble, 388, occlusion of, by barium sulphate. , 592, 608 
Sulphur, determination of total, in organic matter, 977 ; exact determination of, in soluble sulphates 588 
Sulphuric acid, in sea water, 648; ionization relations of, 1133; occluded by barium sulphate 

precipitates, 603; volatilization of, when precipitates are heated 597 

Sulphuryl chloride, action of. on mercury and mercuric oxide , 184 

Sumner, J. B See Torrey, H. A. 

Surface. G. T The Story of Sugar (book) 253 

Surface energy 1162 

Surface tension 1162 

Sutherland. G A. A System of Diet and Dietetics (book), review 145 

Svedberg, The Die Metlioden zur Hcrstellung kolloider Losungen anorgamschen Stoffe 

(book), review 146, title 253 

Swktt, O D. Apparatus for the determination of arsenic 962 

Syllwassciiy. K Die Giftpriifung und die Konzession zum Handel mit Giften (book) 728 

Synthesis of 6- and 7-uimno-2~methyl-4 quinuzolones from 4- and 5-acetaminoacctanthranils, 

1297, of ft.tt'-dimethyladipic acids, 1057; of dnneth> Jpbcnylethylamine, 761, of ethyl 
tannate from ethyl gallate and glucose. 1318, of laurolene, 1064, of some stilbazoles, hy- 

drazones and Schiff bases in the 4-quinazolone group 1654 

Syracuse section Pr. 47. 60, 67, 86. 97, 124 

Taka DIASTASE, experiments on 1077 

Talbot, H P Charles Benjamin Dudley (obituary) Pr. 48 

Tantalum, atomic weight, 1127; halide bases of 323 

Tantalum bromides 323 

Tantalum chloride. i>reparation of, 1129; density of, 1131, analysis of 1131 

Tantalum halides . 729 

Tappeiner, H v Lehrbuch der Ar/neimit tcllelirc und Arznciverordnungslclirc (book) 1366 

Tautomerism . . . 421 

Tkichsrt, K Methoden nir Untersu chung von Milch und Molkereiprodukten (book) 253 

Tellurium, atomic weight of,. . 2, 262, 1115 

Tennant, A The American Animal of Photography (book) 430 

Ternary diagram . 1408, 1410 

Tctrabromophenyl ctliei 1286 

Tetrabromo w-lolyl ether 1287 

Tetrachlorophthalo-0-naplithalo-/?-naphthylimide 1327 

Tetrachlorophthalo 0-naphthylamidie acid, 1320, 1326; sodium and potassium salts 1326 

Tetrachlorophthalophenv lamidic acid and its sodium and potassium salts, 1320, 1325 

Tctrachlorophthttlopheuylimide. preparation of 1325 

Tetrachlorophthakwi-tolylamidic acid 1320 

Tetraethyl 3.6-diamino-9-hydroxyxanthylbenzt*nepcntacarboxyhe acid 200 

Tetramcthyl-3,6-diaimiio~9-hydroxyxanthylbemencpentacarboxylic acid, ethyl ester chloride, 

199; hydrochloride of same, 200, potassium and silver salts of acid 198, 199 

Tetramcthyl-3.6“diatnmotetraethyl-3\6'-diamino-9,9 # -dihydroxymetadixanthylbenzene-2,4,5,6- 

tetracarboxylic acid 205 

Thallium, effect of thallous ion concentration upon the potential of 733 

Thallium, electrode potential of 732 

Thallium sulphate, transference data for thallous sulphate, 1561 ; transference experiments with 

lead nitrate and thallous sulphate 1555 

ThalmanN, F. Die Fettc und Oele, Darstellung der Gewinnung und der Eigenschaften aller 

Fette, Oele u Wachsarten, der Fett u. Oelraffmerie u. der Kerzenfubrikation (book) 896 

Thermodynamic chemistry, a simple system of, based upon a modification of the method of 

Carnot 467. 1636 

Thermodynamic engine, the perfect 4o9 

Thermodynamic potential system, Gibbs’ 664 

Thionyl chloride, action of, on mercury and mercuric oxide 184 

Thioquinazolines (review) 792 

Thiosemicarbazylcamphoformenaminecarboxylactimide 1 502 , 1510 
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Tbiosemicarbazylcamphoformenamlnecarboxylic add and ethyl ester 1501 * 1502, 1509, 1510 

Thomas, P. See Bertrand, G. 

Thomas, V. Guide pratique de teinture tnoderne, suivi de Part du teinturier d^graisseur (book) 1540 

Thompson, C. J. S. The Compendium of Medicine and Pharmacy (book) 1366 

Thompson, S. P. The Life of William Thompson, Baron Kelvin of Largs (book) 1112 

Thoms, H, Arbeiten aus dem pharmazeutischen Institut der Universitiit Berlin (book) 1540 

Thomson, Sir W. (Lord Kelvin). Mathematical and Physical Papers- Bd. IV. Hydro- 
dynamics and General Dynamics (book) 1366 

Thorps, E. History of Chemistry (book), review 1693, title 430 

Thorps, T. E. See Clarke, F. W. 

Thulium 517 

Tisss, E. See Seeligmonn, F. 

Tiobrstbdt, R. Lehrbuch dcr Physiologie des Menschen (book) 1010 

Tildbn, W. A. The Elements (book) 1699 

Tillisr, L. Le caoutchouc (book) 1540 

Tin alloys, analysis of tin-antimony alloys 1241 

Tinglb, A. The action of coke on solutions of ferric chloride (note) 540 

Tinglb, J. B. and Bates, S. J. Action of amines on phtlialic acid, 1319; derivatives of camphor- 

oxalic add.-XIII 1499 

Tingle, J. B. and Brenton, B F. P. Action of amines on phtlialic acid.~VI 113 

Titanifluorides, reduction of, by alkali metals 331 

Titanium, metallic, 330; rapid and accurate method for the determination of, 957; properties. . 335 

Titanium dioxide, reduction of, by carbon 332 

Titanium tetrachloride, reduction of, with sodium 333 

Tolyl ether, bromination of 1285 

1 -£-Tolyl-2-methoxymethylthiourca 1284 

Torrby, H. A. and Cardarelli, E J. Some derivatives of 2-acetyl-naphthol-l 1477 

Torrby, H. A and Rafsky, II. R. l-Benzoylphenyl-3-mcthyI-5*pvrazolone 1489, 1490 

Torrby, H. A. and Sumner, J B Note on some properties of piperonyloin 1492 

Tower O. F. The precipitation of the iron group and the composition of certain ferric for- 
mates y 953 

Tower, W. S. The Story of Oil (book) 4 . ... 253 

Townsend, C. F. Chemistry for Photographers (book) 1699 

Townsend, J. S. The Theory and Ionization of Gases by Collision (book) 1540 

Transference experiments with tballous sulphate and lead nitrate 1555 

Transference measurements in sodium hydrogen sulphate solutions j ► 1151 

Transference numbers, theory of the determination of, by the method of moving boundaries . . 862 

Traubb. M. Sec Mengarini. 

Treadwell, F. P. Quantitative Analysis (book) 1112 

Tribr. G. See Winterstem, E. 

1,2,5-Trimethylcyclopentanol-l . . . : 1065 

Trimcthyl-/>-nitrophenylethylammonium iodide 770 

Trinitrophenyl ether . 1292 

Trnka, R. Die physikalischen Eigenschaften des Bodens (book) 576 

TrOgble, F. Ueber das Verhalten der Alkaloidc in den Organen der Atropa belladonna L. (book) 1540 
Troy, H. C. See Publow, C. A. 

Tschirch, A. Handbuch der Pharmakognosie (book) 1010 

Tungstates, note on the paper entitled “Some Organic Tungstates" 541 

Turrbntinb, J. W. On the oxalates of hydrazine 579 

Tutton, A. G. H. Crystalline Structure and Chemical Constitution (book) 576 

Uhlbnhuth. P. and Weidanz, O. Praktische Anleitung rur Ausfiihrung des biologisclien 
Kiweissdiffevonzierungsverfahrens mit besondcrer Beriicksichtigung der forensischen Blut- 

Fleischuntersuchung sowie der Crewinnung prhzipitiercnder Sera (book) 253 

Uhlbnhuth, X. Untersuchungen uber “Antiformin," ein baktcricnau fldsendes Desinfektions- 

mittel (book) „ 1 . 253 

Ultramicroscopic observations, some colloid- chemical aspects of digestion with 680 

Undbrbbrg, G, Le diamidophenol acide en photographie (book) 896 

University of Illinois section Pr. 4, 46, 57, 64, 85 126 

Urbain, G. See Clarke, F. W. 

Uric acid, elimination of, following copious water drinking between meals 1686 

Valence, electron conception of, 1637 ; partial. 1650 

Vanadium, atomic weight. 260, 1114, 1603 
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VAnde velde, A. J. J. Elements de chitnie g£n£rale ; pr£paratoires a l'6tudes biochimique des 


fermentations (book) 430 

Van Haagbn. W. K. Halides of tantalum 729 

Vapor densities, apparatus for measurement of, of easily volatil substances 1624 


Vapor pressure, determining molecular weights of solutes by lowering of, 1615; dynamic method 
for measuring, with application to benzene and ammonium chloride, 1448; identity of, as 
determined by the static and by the dynamic methods, 1623, of a pure substance, 471; of 
calomel, 1546; redetermination of the vapor pressures of mercury from 250° to 435°, 1434; 
static method for determining the vapor pressures of solids and liquids, 1412; studies in 
897, 907, 1434, 1448 1541 


Vapors, of organic compounds, action of magnesium upon 388 

Vases, composition of some Greek 2591 

Vbrmorbl, V. and D Antony, E Utilisation des sous-produits de la vigne et du vin (book) .... 1699 

Vinson, A. E. The stimulation of premature ripening by chemical means 208 

Vooel, E- Taschenbuch der Photographic. Kin Leitfaden fiir Anf&nger und Fortgeschrittene 

(book) 253 

Voobl, H. W. Photographic (book) 253 

Voigt, M. Beitrdge zur Oxydation des Phosphors 1 m basischen Konverter (book) 1366 

Volatilization of sulphuric acid when precipitates are heated 597 

Volatil substances, apparatus for measurement of vapor densities of 1624 

Vorbrodt. J. See Bruner, L 

Vortmann, G. Uebungsbeispiele aus der quant, chem. Analyse (book) 1366 

Vranckbn, E and Aulard. A. Manuel de la fabrication du sucre de betterave a l’usage des 

praticiens (book) 253 

WADLECK. Theoric und Praxis des Generntorbetriebes (book) 1010 

Wadsworth, M. E. Crystallography- An Elementary Manual for the Laboratory (book) 576 

Waidner, C W. and Burgess, G. K. Platinum Resistance Thermometry at High Tempera- 
tures (book) 1112 

Walden. Die Ldsungsthcorien in ihrer geschichtlichen Aufcinanderfolge (book) 1700 

Waldheim, M v Nach Autoren und Saclinamen geordneie Sammlung der wichtigsten Re- 

agenzieti und Reaktionen fiir Chemie, Pharraazie, Physiologic usw. 3 (book) 1366 

Wallace. R C. Uebcr die binilren Systeme des Natriumnictasilicats mit Lithium-, Magnesium-, 

Calcium- , Strontium , und Bariummetasilicat (book) 1540 

Wallach, O Tabellcn zur cheir.ischcn Analyse (book) 1366 

Ware, F C. See Renshaw. R R 

Warren, W. H An apparatus for absolute alcohol 698 

Washburn. E. W. A simple system of thermodynamic chemistry based on a modification of 

the method of Carnot, 467, 1636, the fundamental law for a general theory of solutions. 653, 1636 

Washington section Pr 8, 47, 60. 67, 82, 68, 124, 130 

Washington, IJ. Manual of the Chemical Analysis of Rocks (book) 1112 

Water, composition of sea, near Beaufort, N C , 646; determination of ammonia nitrogen in, 
in the presence of hydrogen sulphide, 1256; destruction of invertasc by, 985, determina- 
tion of nitrates in. 630; ionization of, at 100 and 156°, 168; ionization of, at 218 and 306 p , 

172; ionization of, at high temperatures, 159; surface energy of. .* 1169 

Water drinking, studies on (uric acid elimination following copious water-drinking between 

meals) 1686 

Watermelon seed, chemical examination of 360 

Waters. C. E. A convenient potash bulb (note) 1691 

Weber, C. O. The Chemistry of India Rubber (book) 896 

Wedekind, E. and Lewis, J Neue Atomgewicht-Kurven (book) 814 

Wbidanz, O. See Uhlenhuth, P 

Weight, concerning the correction of the apparent weight of a salt to the vacuum standard. . . . 507 

Weil, S. F. Ueber Asphalt- und verwandte Industrien (book) 1540 

Wbin, E. Das Kalisiiicat (Phonolithmchl) als Kalidiingemittcl (book) 253 

Weinstein, B. Physik und Chemie m gemeinvcrstiindlichei Darstellung. Zum Selbstunter- 

richt und fiir Vorlesungen (book) 253 

Weisbacii, A. Tabcllen zur Bes\immung der Miner alien mittels ausserer Kcnnzeichen (book) . . 253 

Wells, E. E. See Spear, E. B. 

Wentzel, und Paech. Photographisclies Reisehandbuch (book) 253 

Werner, A. Neuere Anschaungen auf dem Gebicte der anorganischen Chemie (book), review, . 1695 
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Western New York section Pr. 5, 90, 123 130 

Wheeler, A. S. Composition of sea water near Beaufort, N. C-, 646; the instability of alloxan 

(note) 809 

Wheeler. A. S. and Oates, W. M. The bromination of anthranilic acid 770 

Wheeler, H. J. Charles Anthony Goessmann (obituary) Pr. 131 

WHITE, A. S. Logic of Nature (book) 1010 

Whitney, M. Fertilizers for Wheat Soils (book) 1540 

Whitney, W. R. Organization of industrial research, 7 1 ; some chemistry of light (address) 147 

Wickbndrn. W. E. Illumination and Photometry (book) 896 

Wxechowski, S Emfiihntng in die qualitative chemische Analyse zum Gcbrauch bei den 

prakt. Uebungen im Laboratorium (book) 253 

Wieland, H. Die Knallsaurc (book) 576 

Wien, W. Ueber Elektronen (book) 430 

Wiener. O. Ueber Farbenphotographie und verwandte naturwissenschaftliche Fragen (book) . . 254 

WillarP, H H. See Richards, T. W, • 

Williams, R. Essentials of Chemistry (book) 1700 

Wilson, J. H. See Richards, T. 

Winterstein, E and Trier, G. Beilsteins Anleitung zur quah tativen Analyse (book), 254; 

Die Alkaloide. Erne Monographic der natuerhehen Bosen (book), review 1696, title . ... 1540 

Wisconsin section Pr. 7, 45, 60, 82. 88. 93. 124 130 

Wise, L. E See Bogert, M. T. 

Withrow, J. R. See Hughes. J. S 

Witt, O. N. und Lehmann, L. Chemische Technologic der Gcspinstfasern, ihie Gesehichte, 

Gewinmmg, Verarbeitung und Veredlung (book) 1010 

Wodiska, J. Book of Precious Stones Identification of Gems and Gem Minerals and Account 

of their Scientific Commercial, and Artistic Aspects (book) 814 

Wohl, A. Organische Chemie und die Lehre vom leben (book) . . 1112 

WOLF. K. Grundziige der Elektroteclinik zum Oehiauche an gewerblichen Lehranstalten 

(book) 430 

Wolff, J. Contribution & la connaissanee de divers ph£nomfenes oxydasiques naturels et 

artifidels (book) #. . . 1540 

Wolk, D. Contribution a l^tude de l'azoture d’alumi ilium et de l'azoture de baryum (bodk) . 1366 
Wolland, H. Chemischcs Praktikum (qualitative Analyse) fur hfihere Lehranstalten (book). . 254 

Woodman, A G. See Richards, E. H. 

Woodward, C. J. Five -figure Logarithms and Tables for Chemists (book)., 1112 

Wool grease, hydrocarbons of the wool grease oleins .. .T . . . 1071 

Worden, K. Monographien fiber augewandte Elektrochemic. XXXI. Electrolytische 

Zahler (book) 254 

WfteT, F. Mitteilungen aus dem eisenhfittemndnriischcn Institut der Klg Techn Hochschule 

Aachen (book) 1010 

Wyssozky, W. F. Ueber die Bmdung der Derivate dcs Jods an das Gewebe der Leber (book) . . 1540 

XYLENES, heats of combustion of the 268, 293 

1,3,4-Xylidylcamphoformenaminecarboxylic acid, 1503, 1512; xy Udine salt 1503, 1511 

YTTRIUM, basic nitrate of 873 

ZERR. G. und RObencamp, R. Handbuch der Farbenfabrikation (book) 254, 1700 

Zetzsche. Mikrophotographischcr Atlas der industnellen Faserstoffe (book) 576 

ZimmbrMaNn, W. Modern© Batistfarben (book) 1366 

Zinc, electrolytic determination of, 530, 533, 1632; heat of solution of 456 

Zsigmondy, R. Colloids and the Ultramicroscope (book) 254 

Zwick, H. Hydraulischer Xalk und Portlandzement, ihre Rolistoffe, physikalischcn und 

chemischen Eigenschaften (book) 254 
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Examination of Present Methods of Determining Diastatic Power, H. C. 
Sherman, E. C. Kendall and E. D. Clark. A Study of the Action of Pan- 
creatic Amylase, C. Kendall and H. C. Sherman. A Case of Iron 
Corrosion, F. J. Pond. A Note on the Constancy of the Solubility Product, 


A. E. Hill. 

Deceased Members 94 

August. 

Council 95 

Members Elected between June 15th and July 15th. 

Board of Directors 95 

Meetings of the Sections; 

Puget Sound Section 96 

Some Chemical Curiosities, H. G. Byers. Some Notes on the Installation 
and Operation of the 60-Ton Refuse Destructor at Lake Union, C. J. Moore. 

St. Louis Section 97 

The National Pure Food Law , D. B. Bisbce. 

Syracuse Section 97 

Deceased Members 97 

September. 

Minutes of the Forty-Second General Meeting of the American Chemical Society. . 99 

Council 105 

Members Elected between July 15th and August 15th. 

Meetings of the Sections: • 

Minnesota Section m 


The Diffusion of Oxygen through (a) Organic Liquids, and (b) Solids, G. 
B. Frankforter, G. W. Walker and R. S. Callaway. Influence of Traces of 
Iron, Lead and Copper on the Color of Cadmium Sulphide, G. B. Frank- 


forter and J. G. Dietrichson. 

Philadelphia Section 1 1 1 

Modern Electro-Chemical Analysis, E. F. Smith. 

North Carolina Section in 


Colloidal Chemistry, Duncan MacRae. The Unsaturated Character of 
the Resins of Pivus Sabvniana , C. H. Herty and E. N. Tillett. The 
Specific Heat of Benzol and its Saturated Vapor, J. E. Mills and D. Mae- 
Rac, The Bleaching of Flour by Nitrogen Peroxide, W. M. Allen. The 
Effect of Acids on Ethyl Phospho-Platino-Chloride, C. H. Herty. The 
Specific Heat pf Carbon Tetrachloride and its Saturated Vapor, J. E. 
Mills and Duncan MacRae. A Study of the Resene of Firms Hetrophylla , 
C, H. Herty, W. A. Houck and T. P. Nash. 


Milwaukee Section 1 1 2 

Rhode Island Section 112 



XIV 


October. 

Council 113 

Members Elected between August 15 th and September 15th. 

Deceased Members 1 1 3 

W illard Gibbs Medal 120 


November. 


Division of Agricultural and Food Chemistry 121 

Council 12 1 

Members Elected between September 15th and October 15th. 

Board of Directors 121 

Meetings of the Sections: 

Chicago Section 122 

Milk. (1) Toxicity of Milk and Milk Serum, E. Gitdeman. (2) Cost of 
Production of Milk, J. P. Grier. (3) Cost of Distribution of Milk, H. R. 
Ryder. (4) Condition of the Chicago Milk Supply, D. T. Gunning. 

Section of Eastern New York 122 

Reminiscences of Nernst, E. Ellery. The San Francisco Meeting of the 
» American Chemical Society, W. R. Whitney. Recent Researches in In- 
organic Chemistry, M. A. Hunter. 

Section of Western New York 123 

Functions of the American Chemical Society, Pres. Watkins. 

Rhode Island Section 123 

Protective Coatings for Various Structural Materials, H. A. Gardner. 

New York Section \ . . . 123 


The Position of the Chemist in the Commonwealth, C. Baskerville. Inter- 
national Congresses, C. Baskerville. The Eighth International Congress 
of Applied Chemistry, W. H. Nichols. The American ChetnicaT Society 
and the Eighth International Congress of Applied Chemistry, B. C. Hesse. 
The Polyiodides of Potassium, C. L. Parsons. The Trip of the American 


Chemical Society to San Francisco, L. H. Baekeland. 

Louisville Section 124 

Road Oils, R. M. Parks. Standard Sampler W. E. James. Determina- 
tion of Phosphoric Acid in Vinegars, F. F. Hasbrouck. 

Wisconsin Section 124 

Terpenes as Oxygen Conveyers, E. Kremers. 

Washington Section 124 

The Mechanism of a Peroxidase Reaction, H. H. Bunzel. Biophoto- 
genesis, F. A. McDermott. 

Syracuse Section 124 

Indiana Section 124 

The Rare Gases of the Atmosphere,. R. B. Moore. 

California Section 124 

The Troubles of a Cannery Chemist, W. Antoni. 

December. 

Council 125 

Members Elected between October 15 th and November 15th. 

Meetings of the Sections: 

St. Louis Section . J2 6 

Fire Clay and Some of its Properties, R. F. Weber. 



XV 


University of Illinois Section 126 

Natural Gas as a Source of the Rare Gases, D. F. McFarland. The Heat 
of Solution of Metals, L. L. Burgess. 

Pittsburgh Section 126 

Notes on Carbon Deposition and Reduction of Iron Ores by Carbon 
Monoxide, G. D. Chamberlain. Steel Manufacture, F. W. Crabtree. The 
Analysis of Aluminum and its Ores, E. Blough. The Depression of the 
Freezing Point by Vinegar, A. Silverman. 

Philadelphia Section . 127 

A Description of the Water Works of Philadelphia, Giving Particular At- 
tention to the Filtration Feature of the Water Supply, L. Lloyd. Com- 
mercial Benzole, J. M. Weiss. 

Northeastern Section . . . 127 

Hydrocarbons of the Formula C 8 H liv , L. Clarke. Artificial Optical Activity, 

A. W. Ewell. 

Louisiana Section 127 

Relation of the Pharmacopoeia to the Chemist, P. Asher. Linseed Oil, G. 

A. Moffett. 

Minnesota Section 127 „ 

Report of the San Francisco Meeting of the American Chemical Society, 

G. B. Frankforter and C F. Sidener. Report of the Chicago Meeting of the 
American Electrochemical Society, F. C. Frary. The India Rubber In- 
dustry, K. W. McCreery 

Chicago Section 128 

The Corpuscular Theory of Matter, R. A. Millikan. 

Columbus Section 128 

American Chemical Society Excursion to the California Meeting, A. M. 
Patterson Measurement of the Temperatures, of Electric Furnaces, W. 

D. Bancroft. 

Kansas City Section 129 

The Manufacture of Buttons front Vegetable Ivory, J. P. Trickey. The 
Whaling Industry, E. R. Wcidlcin. Some Problems in Animal Nutrition, 

P. F. Trowbridge. 

Nebraska Section r. 129 

The Magnesia Separation in the Yttrium Group Earths, B. Dales. 

Cincinnati Section. 129 

Georgia Section 129 

The Use of Silver Phosphate as a Standard and a Critical Study of the 
Gravimetric Magnesia Method for Phosphoric Acid, W. C. Dumas. 

Michigan Section 130 

Section of Western New York 130 

Cryolite and its Industrial Applications, A. S. Halland. , 

Indiana Section 130 

Preventive Medicine and the Extremes of Life, C. S. Woods. Color 
Methods in Iron and Steel Works Practice, H. A. Schwartz. 

Wisconsin Section 130 

The Present State of the Ti valency of Carbon, M. Gombcrg. 

Washington Section 130 

Section of Eastern New York 130 

Water Filtration and Hypochlorite Treatment, G. E. Wilcomb. Chem- 
istry of Road Building, W. C. Chalker. 

Deceased Members 13* 
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COUNCIL. 

Members Elected between November 15TH and December 15T11. 

Alexander, Clive M., Iowa City, la. 

Anderson, Edward X., Iowa City, la. 

Andrews, Joseph C., 119 Stewart Ave., Ithaca, N. Y. 

Anthony, Olney P., care Geo. II. Morrill Co., Norwood, Mass. 
Armstrong, Eli H., East Point, Ga. 

Beebe, Philip S., 127-14^1 Ave., Columbus, Ohio. 

Boies, O. W., 438 Cascadilla Bldg., Tthaca, N. Y. 

Briggs, Thos. Roland, 126 Highland Ave , Ithaca, N. Y. 

Brown, James, Aledo, 111 . 

Bruni, Giuseppe, University of Padua, Padua, Italy. 

Bryce, J. R., 119 Dryden Road, Ithaca, N. Y. 

Burns, William McG., 74 Batavia St., Boston, Mass. 

Calderwood, Howard N., Jr., 1328 Ohio St., Lawrence, Kans 
Callaway, R. S., 2114 Tremont St., Minneapolis, Minn. 

Clark, Horace H., 208 So. 43rd Ave., Chicago, 111 . 

Conley, Albert 1 )., Box 168, Orono, Maine. 

Cozzens, L. S., 108 Brooklyn Ave., Freeport, N. Y. 

Cross, L. J., 123 Linn St., Ithaca, N. Y. 

Crown, H. A., no Stewart Ave., Ithaca, N. Y. 

Dennery, Raphael, 1821 Milan St., New Orleans, La. 

Dover, Miss Mary V., Mount Holyoke College, So. Hadley, Mass. 
Englund, Carl, Vermillion, So. Dak. 

Evans, J. ClifTord, Doughty House, Millville, N. J. 

Flint, Edgar M., Hartley Hall, Columbia Univ., New^York City. 

Flint, Wm. R., Kent Chemical Labv., New Haven, Conn. 

Gluck, H. J., no Stewart Ave., Ithaca, N. Y. 

Harrison, Benjamin II., 304 E. Daniel St., Champaign, 111 . 

Hendrick, Ellwood, 139 E. 40th St., New York City. 

Hinman, J. J., Jr., 515 I?. Eleventh St., Indianapolis, Ind. 

Holmes, August, University of Nevada, Reno, Nev. 

Houlehan, Arthur E., 804 E. Seneca St., Ithaca, N. Y. 

Humphrey, I. W., 1123 Conn. St., Lawrence, Kans. 

Hunez, Vasco, 408 Eddy St., Ithaca, N. Y. 

Iveson, W. Lawton, McMaster Hall, McMaster Univ., Toronto, Canada. 
Janer, Jose, 155 W. 64th St., New York City. 

Jones, R. L., i5i~8th Ave., North, Nashville, Tenn. 

Kehoe, Forrest W., S. Main St., Great Barrington, Mass. 

Kelly, Theodore B., University of California, Berkeley, Calif. 

Kelly, William J., Emilien Strasse 34 III, Leipzig, Germany. 

Kewley, James, Balik Papan, East Borneo. 

Koenig, W. A., 1419 Poplar St., Philadelphia, Penna. 

Kribs, Herbert Guy, Zool. Laby., Univ. of Penna., Phila., Pa. 

Manson, David, 138th St. and Broadway, New York City. 
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Mason, A. O., 17 South Ave., Ithaca, N. Y. 

Maynard, W. H., Knoxville, Tenn. 

McCoy, H. G., 108 Cascadilla Park, Ithaca, N. Y. 

Merriam, Cyrus L., Plantation Oaxaquena, Santa Lucrecia, V. C., 
Mexico. 

Millar, James Hill, Chief Chemist’s Lab., St. James Gate, Brewery, 
Dublin, Ire. 

Morse, Harry W., Jefferson Physical Lab., Cambridge, Mass. 

Myers, J. R., 81 Lancaster St., Albany, N. Y. 

Pettit, James H., University of Illinois, Urbana, 111 . 

Proctor & Gamble Co., Cincinnati, Ohio. 

Ray, W. L., 315 Lake St., Madison, Wis. 

Reed, Burleigh B., 329 R. Jefferson St., Iowa City, la. 

Riegger, Harold R., 109 Cook St., Ithaca, N. Y. 

Rosin, Joseph, 1513 South 6th St., Philadelphia, Pa. 

Rowell, Miss Jennie L., 41 1 Main St., Burlington, Vt. 

Schmidt, George A. Co., 236 North Ave., Chicago, 111 . 

Shackelford, Harvey, Box 252, Columbia, Mo. 

Silver, C., 127 College Ave., Ithaca, N. Y. 

Smith, Arthur, Jamieson Ave., Collegiate Inst., Toronto, Canada. 
Sohn, Rrwin, 1852 West 112th St., Cleveland, Ohio. 

Sperry, Walter A., 45 S. Harris Ave., Columbus, Ohio. 

Stewart, Fred C., 16 Concord St., Portland, Maine. 

St. John, Harry M., 118 Ferris Place, Ithaca, N. Y. 

Stockton, F. W., Lawrence, Kans. 

Sutker, S., 4th and Cherry Sts., Gadsden, Ala. 

Tapp, Edward, 2645 Park Ave., Chicago, 111 . 

Tingley, Claude S., DeLand, Fla. 

Walker, W. F., Mulberry, Fla. 

Welch, Harry V., University of California, Berkeley, Calif. 

Whipple, LeRoy F., Experiment Station, Kingston, R. I. 

Winser, R. A., 207 So. Lincoln Ave., Aurora, 111 . 

Wyer, Malcom G., Iowa City, la. 

BOARD OF DIRECTORS. 

The Directors of the American Chemical Society met at the Chemists’ 
Club, New York City, at 3 p.m., Saturday, December 18th, with Messrs. 
Whitney, Bogert, Hallock, McMurtrie, Parker and Parsons present. 

After careful consideration of the estimates by the various officers and 
the income of the Society, a budget was approved to be presented to the 
Council at the annual meeting. This budget as finally adopted will be 
found in the Proceedings of February, 1910. 

It was voted that the subscription rate for the Society’s publications be 


as follows: 

Any one of the three publications $ 6.00 

Any two of the three publications 10,20 

All three publications 12.60 


with i6 2 /s% discount to the trade, libraries and clubs of ten or more in- 
dividuals, and a further discount of fifty cents per subscriber on the com- 
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bined rates above stated to clubs of twenty-five or more furnished 
through any firm, corporation, association or individual. 

It was voted that these subscription rates shall begin with the March 
issue of the Journals and that no subscriptions under the old rates shall 
be accepted to expire later than February 20, 1911. 

The meeting then adjourned. Charles L. Parsons, Secretary . 

MEETINGS OF THE SECTIONS. 

[Full accounts of all meetings should be sent to Secretary Charles L. Parsons, Dur- 
ham, N. H.] 

UNIVERSITY OF MISSOURI SECTION. 

The first regular meeting was held on Friday evening, October 1st, at 
7 o'clock, in the Chemistry Building. Dr. P. F. Trowbridge presented 
a paper on “Sodium Benzoate and the Referee Board." 

The second regular meeting was held on Friday evening, October 
15th, at 7 o’clock, in the Chemistry Building. Mr. P. K. Francis addressed 
the Section on “The Detroit Meeting of the American Chemical Society." 

The third regular meeting was held on Friday evening, October 29th, 
at 7 o’clock, in the Chemistry Building. Dr. Hermann Schlundt pre- 
sented a paper on “The Winnipeg Meeting of the British^ Association 
for the Advancement of Science." 

The fourth regular meeting was held Friday evening, November 19th, 
at 7 o’clock, in the Chemistry Building. The paper of the evening was 
presented by Dr. P. F. Trowbridge on “Factors which Influence the 
Digestibility of Feed." 

The fifth regular meeting was held Friday evening, December 3rd, 
at 7 o’clock. R. C. Palmer spoke on “ IJxplosive Antimony." R. B. 
Gibson reviewed the “Synthesis of Pyrimidine." 

C. Robert Moulton, Secretary. 

INDIANA SECTION. 

The Section met October 8th at Shortridge High School, Indianapolis. 

Annual reports from the officers were read. The following were elected 
for the ensuing year: President , R. B. Moore; Vice-President , P. N. 
Evans; Secretary-Treasurer , A. D. Thorburn; Executive Committee , John 
White, R. P. Noble, II. E. Bishop. President R. B. Moore addressed the 
Section on “The Relation of Radioactivity to the Other Sciences." 

The Section met Friday evening, November 12th, in the office of the 
State Food and Drug Laboratory. 

The following papers were presented : 

“A Study of the Preparation and Preservation of Crushed Fruit and 
Fruit Syrups," by Ivy L. Miller. “Some Analyses of Tomato Catsup," 
by H. E. Bishop, (a) “Temperance Beers." (6) “Estimation of 
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Dextrose, Dextrin and Maltose,” by H. E. Barnard. About 20 members 

Were present. A. D. Thorburn, Secretary. 

CHICAGO SECTION. 

The November meeting was held at Kent Chemical Laboratory, Uni- 
versity of Chicago, on Friday evening, November 12th, at 8.00 o’clock. 

The lecture of the evening was on “The Electric Theory of Oxidation 
and Reduction/’ by Prof. Julius Stieglitz, University of Chicago. 

The University laboratory was open for inspection during the evening. 

Seventy-eight attended dinner at 6.15 i \ m . and 200 were present at the 
meeting which was perhaps the best the Chicago Section has ever held. 

A. L. Nkhi.s, Secretary. 

UNIVERSITY OP ILLINOIS SECTION. 

The November meeting was held November 16th, at the Chemistry 
Building. 

The following papers were presented : “The Determination of Nitrogen 
by the Kober Method,” by F. W. Gill. (1) “The Relation of the Water 
Supplies to the Typhoid Fever Death Rate in Illinois.” (2) “A New 
Thermo-regulator for Incubators,” by Dr. E. Bartow r . 

L. H. Smith, Secretary. 

PHILADELPHIA SECTION. 

The regular meeting of the Section was held at the Engineers’ Club, 
Philadelphia, Thursday evening, November 18th, at 8 o’clock. 

The following three Councilors were elected for 1910: G. E. Barton, 
D. W. Horn and W. T. Taggart. 

The program was: Legal Aspects of Chemistry — symposium. “The 
Work of the Expert Witness,” by Samuel P. Sadtler. “Textile Prob- 
lems and Disputes,” by Frederic Dannerth. “The Legal Side of Toxi- 
cology,” by Matthew Beardwood. “The Enforcement of the Food and 
Drugs Act,” by C. S. Brinton. 

The usual informal dinner was served at 6.30 p.m. 

The regular December meeting was held at the Engineers’ Club, Phila- 
delphia, Thursday evening, December 16th, at 8 o’clock. 

After the usual dinner the following program was presented: “The 
Purification of Water by Ozone with Remarks on the Commercial Produc- 
tion of Distilled Water,” by Henry Leffmann, illustrated by apparatus 
and lantern slides. “The Jedun Vacuum Evaporator and Its Applica- 
tion to By-products,” by A. P. Smith, illustrated by lantern slides. 
“Mondia Milk,” by A. E. Kitson. f . e . dodge , Secretary. 

LOUISIANA SECTION. 

The thirty-fifth regular meeting was held on Friday, November 19th, 
at 8 p.m,, in the Directors’ Room of the New Orleans Board of Trade, 
President F. C. Johnson presided and the attendance was very good. 
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The program for the evening consisted of a paper by Mr. W. J. McGee 
on the “Manufacture of White Lead from Galena.” Mr. McGee spoke 
of a new process using the lead ore directly as a starting material and 
carried the process through its various chemical and financial aspects. 
Lat^r he spoke of the adulteration of white lead with barytes. A general 
discussion followed the reading of the paper and a vote of thanks from the 
Society was tendered Mr. McGee. w. n. howbll, Secretary. 

SECTION OF WESTERN NEW YORK. 

The regular meeting was held November 19th, Vice-President Lidbury 
presiding. 

The program was of a general nature, several members making reports 
on special subjects as follows: “Estimation of Small Quantities of 
Arsenic, by Sanger’s Modification of the Gutzeit Test,” by W. H. Wat- 
kins. “The Action of Bacteria on Minerals/' by Geo. Morgan. “Color 
in Preserved Fruits after Treatment with Lead Subacetate,” and “New 
Sanitary Regulations in Raising and Shipping Oysters,” by W. L. Dubois. 
“ Microphotograplis of Fine Points and Fibers,” by Mr, Morey. “Errors 
in the Analysis of Linseed Oils,” by G. II. Pickard. “Some Delicate 
Pycnometers and Glass Pens,” b\ R. K. Fowler. “Vanadium in Chrome 
Iron Ore,” and “Periodic Phenomena in the Aluminum Electrolytic 
Rectifier,” by Ross Phillips. n . w . shed , secretary. 

NEBRASKA SECTION. 

The fifty-seventh annual meeting of the Section was held in the Lecture 
Room of the Chemistry Laboratory of the University of Nebraska, Satur- 
day, November 20th, at 8 p.m., with the following program: “Uni- 
versities I Have Visited,” by Chancellor S. Avery. “The Reaction of the 
Blood,” by Dr. C. F. Crowley. “Studies in Asphalt,” by Mr. C. J. Frank- 
forter. 

The fifty-eighth annual meeting of the Section was held in the Lecture 
Room of the Chemistry Laboratory of the University of Nebraska, Wed- 
nesday, December 15th, at 8 p.m. 

The Section listened to addresses on “Some Notes on the Meeting of 
the British Association,” by Dr. F. J. Alway, and on “Systematic Separa- 
tion and Detection of the Common Acids,” by Mr. O. L. Barnebey. 

Benton Dales, Secrttary. 

CORNELL SECTION. 

The November meeting was held Tuesday evening, November 23rd, 
at 8 o’clock. In order that illustrative experiments might be shown, the 
Section met in Rockefeller Hall. The lecture was by Prof. J. S. Shearer 
on “The Measurement of High Temperatures by Various Pyrometers.” 
L. M. Dennis was re-elected Councilor for the coming year. Light re- 
freshments were served after the meeting. 
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The December meeting was held in Morse Hall, Wednesday, Decem- 
ber 15th, at 8 p.m. Prof. H. N. Ogden presented the subject: “Dis- 
posal of Sewage.” A light lunch followed the meeting. 

H. W. Gillett, Si fretary. 

NORTHEASTERN SECTION. 

The ninety-fifth regular meeting of the Section was held Friday, Novem- 
ber 26th, at 8 p.m., at the Twentieth Century Club, Boston. 

Doctor P. A. Levene addressed the Section upon “The Bio-chemistry 
of Nucleic Acid.” 

Professor H. A. Torrey, of Harvard University, followed with an ad- 
dress upon “Alkali-insoluble Phenols.” 

The election of officers and members of the Council for 1910 results as 
follows: President , S. W. Wilder; Vice-President , Karl Langenbeck; 
Secretary , K. L. Mark; Treasurer , H. C. Lythgoe; Executive Committee , 
F. E. Gallagher, W. C. Bray, G. S. Forbes, G. R. Underwood, L. C. Newell; 
Councilors , L. P. Kinnicutt, G. N. Lewis, W. L. Jennings, H. J. Skinner 
Dinner was served at 6.30 p.m. Kenneth Mark, Secretary. 

KANSAS CITY SECTION. 

The November meeting was held in Kansas City, Kansas, on Saturday 
evening, November 27th. * 

The program began at 5.30 p.m., with a paper by Professor E. H. S. 
Bailey on the “Benzoate of Soda Discussion.” 

After supper Mr. Ralph E. Shuey read a paper on the Practical Ad- 
vantages of Drying Alfalfa by Artificial Heat.” 

The December meeting was held at the Eldridge Hotel, Lawrence, 
Kansas, on Saturday evening, December nth. 

The Section met in the parlor of the Hotel at 5 o'clock. Officers for 
the coming year were announced: President , F. W. Bushong; Vice- 
President, M. Bray ton Graff; Secretary-Treasurer , E. A. White; Assistant 
Secretary , D. F. McFarland; Councilor, E. H. S. Bailey. 

After a fifteen-minute talk by the President- and Vice-President-elect 
dinner was served, followed by a lecture on “Some Rare Earth Separa- 
tion Methods,” by Professor Benton Dales, Univ. of Nebr. 

E. A. White, Secretary. 

RHODE ISLAND SECTION. 

The second meeting of the Section was hel*d at the University Club, Thurs- 
day evening, December 2nd. Dinner was served promptly at 7 o'clock. 

Dr. H. J. Wheeler, Director of the Rhode Island Argicultural Experi- 
ment Station, then presented the paper for the evening on “The Influence 
of Sodium and Potassium Salts upon the Subsequent Yield of Potato 
Tubers Planted under Like Manurial Conditions.” 

Albert W. Claflin, Secretary, 
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MILWAUKEE SECTION. 

The regular meeting of the Section was held Friday evening, December 
3rd, at the Blatz Hotel. Dinner was served at 6.30 p.m. with 35 present. 
After a lecture on “High Temperatures and Other Measurements,” by 
Mr. Otto Kowalke, Mr. W. V. Young, of the Hoskins Mfg. Co., of Detroit, 
gave a practical demonstration of pyrometers and electric furnaces. 

H. M. Sopkr, Secretary. 

GEORGIA SECTION. 

The December meeting was held at the State Capitol on December 
4th, and the following program given: 

“Studies in the Sampling of Mixed Fertilizers, Size of Sample to be 
Taken/’ by F. B. Porter. “The Early History of the Cement Industry,” 
by C. N. Wiley. “The Honey Locust as a Cattle Food,” by C. A. Wells. 
“A Triumph of Chemistry Over Bacteriology in the Test of Polluted 
Waters,” by PI. B. Arbuckle. “An Investigation of the Stain of the 
Black Walnut on the Fish of Our Streams,” by G. P. Shingler. 

The following officers were elected for the year 1910: President , R. E. 
Stallings; Vice-President , W. C. Dumas; Secretary , J. S. Brogdon; Coun- 
cilor , W. P. Heath. W. C. Dumas, Retiring Secretary. 


LOUISVILLE SECTION. 

The December meeting was held in Room 700 of the Atherton Building 
on the 6th. The paper for the evening was given by C. E. Martin on 

“ Fast Colors on Cotton.” F F. Hasbrouck, Secretary. 


CINCINNATI SECTION. 

The 154th regular meeting was held Wednesday, December 8th, at 8 
r.M., in the Chemical Lecture Room of the University of Cincinnati. 
The topic of the evening, “Some Experiments Illustrating Certain 
Phases of the Electrolytic Dissociation Theory,” was presented by Prof. 
Lauder W. Jones. 

The following officers were elected for 1910: President , Joseph W. 
Ellms; Vice-President , Archibald Campbell, Otto Dieckmann; Recording 
Secretary , Alfred Smith; Financial Secretary , Max H. Goettsch; Executive 
Committee , B. M. Pilhashy, Clarence Bahlmann, Mortimer Bye; Councilor , 
Alfred Springer. Ralph E. Oesprr, Retiring Secretary. 

WISCONSIN SECTION. 

The annual meeting of the Section was held at Madison on Wednes- 
day, December 8th, at 8 p.m., in Room 102 of the Chemistry Building. 

The following address was given: “The Industrial Methods of Ob- 
taining Resinous Products from the Southern Yellow Pine,” by Dr. L. 
F. Hawley, Forest Service, U. S. Department of Agriculture. 

Francis C. Krauskopf, Secretary . 
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WASHINGTON SECTION. 

The 194th meeting was held Thursday, December 9th, at 8 p.m., in 
George Washington University. 

The program was as follows: ‘‘Estimation of Glycerine in Meat Prep- 
arations, M by F. C. Cook. “Enzymes and Their Relation to Soil 
Fertility,” by M. X. Sullivan. “ Detection of Colocynth Seed in Powdered 
Colocynth,” by V. K. Chesnut. 

W. B. D. Penniman was elected Councilor in place of E. T. Allen, re- 
signed. J. A. IvEClerc, Secretary. 

LEHIGH VALLEY SECTION. 

The regular fall meeting of the Section was held at the Hotel Allen, 
Allentown, Friday, December 10th, at 8 p.m. 

Election of officers resulted as follows: Chairman , J. T. Baker; Secre- 
tary , Geo. C. Beck; Councilor , Geo. P. Adamson. 

The papers presented were: “The Relation of Economic Products 
and Geology in the Lehigh Valley,” by B. L. Miller, Professor of Geology, 
Lehigh University. “A Chemist’s Slide Rule/’ by R. K. Meade. “De- 
composition Temperature of Some Sulphates/’ by W. S. Landis. 

A number of members and guests met informally for dinner at 7 p.m. 

Geo. C. Beck, Secretary. 

CLEVELAND SECTION. t 

The first annual and tenth regular meeting was held in fhe Geology 
Department of Case School of Applied Science, December 13th, at 8 
o’clock. 

The following papers were presented: “The Commercial Manufacture 
of Oxygen,” by Charles F. Brush. “The Brick Industry in Cleveland,” 
by Professor F. R. Van Horn, illustrated with lantern slides. 

Norman A. Donois, Secretary. 

MINNESOTA LOCAL SECTION. 

The 22nd regular meeting was held Friday evening, December 17th, 
in the Chemical Laboratory, University of Minnesota. 

The papers presented were: “The Reaction between Ammonium 
Chloride and Potassium Dichromate when Heated,” by G. B. Frank- 
furter, V. H. Roehrich and E. V. Manuel. “The Nucleation of Mixed 
Vapors in Dust-free Air,” by I. H. Derby and E. X. Anderson. 

Francis C. Frary, Secretary. 


DECEASED MEMBERS. 

Irving E. Beach, Lawrence, Mass. 

Edward M. Davies, November 24th, Saltville, Va. 

Irwin La Verne Powers, August 28th, Niagara Falls, N. Y. 
Arthur McBride Ransom, Auburn, Ala. 

Edward C. Smith, September 17th, Joliet, 111 . 

Herbert H. Wing, Monticello, N. Y. 

John A. Young, November 10th, San Francisco, Calif. 
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Proceedings. 

MINUTES OF THE FORTY-FIRST GENERAL MEETING OF THE 
AMERICAN CHEMICAL SOCIETY. 

The forty-first general meeting of the American Chemical Society was 
held in Boston, Mass, in affiliation with the American Association for 
the Advancement of Science, from Tuesday, December 28, to Friday, 
December 31, 1909. 

The meeting opened with meetings of the Industrial, Organic and 
Physical and Inorganic Divisions and the Section of Chemical Education 
on Tuesday in the Lowell Building of the Massachusetts Institute of 
Technology. Dr. D. L. Randall acted as press secretary for Science. 

The program and abstracts of the minutes of the various Divisions 
and Sections are given later in these pages. 

On Tuesday afternoon excursions were enjoyed to chemical works 
and on Tuesday evening a “smoker” complimentary to the visiting 
chemists was given by the Northeastern Section at the Hotel Brunswick, 
where an extremely interesting program containing many humorous 
events was enjoyed. 

On Wednesday the Society met in general meeting in the New Lecture 
Hall of Harvard University and the following addresses were presented 
in general session. 

Methods Employed in Precise Chemical Investigations. T. W. Richards. 

On the Constitution of Curcumine — the Coloring Matter of Turmeric. C. Loring 
Jackson and Latharn Clarke. 

The Application of Physical Chemistry to the Study of Oleoresins. Charles H. 
Herty. 

Thq Function of Chemistry in College Education. Lyman C. Newell. 

The Cause of Color in Organic Compounds. Richard S. Curtiss. 

The United States Pharmacopoeia and the American Chemical Society. Joseph 
P. Remington. 

The Past and Future of the Study of Solutions. Louis Kahlenberg, retiring Vice- 
President Section C, American Association for the Advancement of Science. 

The Chemist’s Place in Industry. A. D. Little. 

In the evening President Whitney’s address was delivered before the 
assembled chemists in the Lowell Building of the Massachusetts Institute 
of Technology and was upon the subject: “Some Chemistry of Artificial 
Light.” The lecture was experimentally illustrated. 

On Thursday morning a general business meeting of the Society was 
held in the Lowell Building at which the reports of the officers of the 
Society were received and read. The following miscellaneous business 
was then transacted. 

It was reported to the members that a majority of the Council had 
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approved the nomination of the Right Honorable John Wm. Strutt 
(Lord Rayleigh), Madame S. Curie, Professor J. D. van der Waals, Sir 
James Dewar, Professor R. Fittig and Professor J. W. Mallet for honorary 
membership in the Society and that all preliminaries required by the 
Constitution for their election had been met. On motion from the floor, 
each of the before-mentioned chemists was unanimously elected to hon- 
orary membership in the Society. 

Dr. H. P. Talbot presented the same resolutions which were passed 
by the Council in memoriam of Charles Benjamin Dudley and these 
were unanimously adopted by the Society by rising vote. They will be 
found in full in the Proceedings of the Council. 

Mr. S. T. Mather spoke for a few moments to the meeting in regard 
to the summer meeting in San Francisco and the many pleasures awaiting 
the members there and invited the Society to examine the borax mines 
of the Thorkildsen-Mather Co. at Lang, California, near which it was 
anticipated the train carrying the members might pass. 

The attention of the Society was called to the Berthelot Memorial 
being erected to one of our deceased honorary members and the desira- 
bility that members of the Society should contribute thereto. It is 
hoped that further subscriptions of one or two dollars each may be re- 
ceived by the Secretary, which will be duly acknowledged. # 

The President then announced the election of Wilder D* Bancroft 
as President of the Society and Alexander Smith, A. D. Little, L. H. 
Baekeland and W. L. Dudley as Councilors-at-Large.^ 

Following this announcement a unanimous vote of thanks was passed 
to the President and chemical faculty of the Massachusetts Institute 
of Technology and to the President and chemical faculty of Harvard 
College for the courtesies extended to the Society and for the use of their 
buildings and lecture halls; to A. D. Little, T. W. Richards, A. A. Noyes, 
W. H. Walker, C. R. Sanger, H. P. Talbot, J. F. Norris and H. A. Torrey, 
Chairman of the local committees, and to the members of those committees 
for their unceasing efforts in our behalf, and to Walter Baker Chocolate 
Co., New England Gas & Coke Co., Massachusetts Breweries Co., Wood 
Worsted Mills, Forbes Lithograph Mfg. Co., American Woolen Co., Cham- 
pion International Co., Felton & Sons, Inc., Fore River Ship-Building 
Co. and the Massachusetts State Board of Health for the privileges ac- 
corded to our members to examine their various works and laboratories. 

The business meeting then adjourned and the Society met in divisional 
and sectional meetings throughout Thursday and Friday in the Lowell 
Building. 

On Thursday night at 7 o'clock the annual subscription dinner was held 
in the banquet hall of the Somerset Hotel and was very largely attended 
and thoroughly enjoyed by all. 
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On Friday afternoon excursions were participated in by the members 
to Lawrence, Mass., where the Wood Worsted Mills, the Water Supply 
and Sewage Experiment Station of the State Board of Health and the 
Water Filtration Plant were examined; to Fore River, where the Fore 
River Ship-Building Co. was visited, and to South Boston to visit the 
distilleries of Felton & Son, Inc. 

The meeting was the largest ever held by the American Chemical 
Society and the continually increasing enthusiasm prevalent throughout 
the Society was everywhere manifest. 558 members and guests registered 
and a considerable number were present whose names were not secured. 
The number of guests approximated 30. 

The papers read before the meeting will be found under the divisional 
heads which follow later. 

Report of the Secretary for 1909. 

The current year has been no exception to the continued progress of 
the American Chemical Society and there was never a time in its history 
when the chemists of the country were more thoroughly organized and in 
hearty accord and sympathy with the work which it is trying to do. The 
publications have been issued promptly throughout the year with the 
single exception of the December number of the Journal of Industrial and 
Engineering Chemistry , which was held up on account of difficulties with 
the Index. The policy of organizing the Society in Divisions, begun in 
1908, has been continued during the year and the Divisions of Physical 
and Inorganic Chemistry, Fertilizer Chemistry, Agricultural and Food 
Chemistry, Organic Chemistry and Pharmaceutical Chemistry have 
been organized and their work is daily growing in importance. The 
Baltimore Meeting was the largest ever held in the history of the Society 
and the Detroit Summer Meeting, while smaller in numbers than the 
Winter, which is always the case, had the largest attendance of any meeting 
ever held by the Society in the summer time. 

During the year the Society has passed the record of all other chemical 
societies in regard to the numbers of its membership and is now the largest 
chemical society in the world. The membership of the Society at the 
time of the Baltimore Meeting was 4004. It is now 4502, a net gain of 
approximately 500 members. The membership statistics are as follows: 


Honorary members x 2 

Life members 13 

Corporation members 17 

Members 4460 

Total 4502 

Elected during 1909 but not yet qualified 62 

Otaind total 4564 
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During the year the Society has lost by death one of its honorary mem- 
bers, Julius Thomsen, of Copenhagen, Denmark, and the following mem- 
bers: Gilbert N. Batchelder, Manzanillo, Cuba; Irving E. Beach, Lawrence, 
Mass.; John D. Billings, Syracuse, N. Y. ; Edward M. Davies, Saltville, 
Va. ; H. Augustus Hunicke, St. Louis, Mo.; John P. Ihart, Liberty, N. Y.; 
William Lyon, Los Angeles, Calif.; John K. Mackenzie, Chicago, 111.; 
S. E. Nelson, Devil’s Slide, Utah; Irwin La V. Powers, Boston, Mass.; 
Arthur McB. Ransom, Auburn, Ala.; Edward C. Smith, Joliet, 111,; C. E. 
Strunz, Pueblo, Colo.; A. Sydney Warren, Buffalo, N. Y,; A. F. Watson, 
Dublin, Ireland; W. F. Wheeler, Urbana, 111.; Herbert H. Wing, Monti- 
cello, N. Y. ; Theodore R. Wolf, Newark, Del. ; Heman A. Wood, Fargo, 
N. D. ; John A. Young, San Francisco, Calif.; C. Irving Zimmerman, 
Madison, Wis. 

The number of members not in arrears registered in the Local Sections 
on December i, 1908 was 2816, and on December 1, 1909 was 3237. 

The numbers in each Section for 1908 will be found in the Proceedings 
of 1909, page 17. For 1909 they are as noted below. 

During the year the Local Sections have, as heretofore, shown strong 
loyalty to the welfare of the whole Society and have fully met the spirit 
which pervades almost all of the Sections of due economy in their local 
expenses in order that the funds of the Society may be utilized to meet 
the great cost of our publications, as most of the members realize fully 
that the Society is expending a much larger proportion of its income 
upon its publications than any other unendowed society rin the world. 
Every member secures the benefit of any sacrifice he may make in his 
Local Section by the increased good which results to the whole Society 
therefrom. 

According to the change in the Constitution the accounts with the 
Local Sections were placed in the hands of the Secretary to whom their 
treasurers make report. The following is a summary of the sectional 
accounts for the year, showing the number of members in each, the balance 
of funds saved by them in 1908 and credited to their 1909 account and 
the amounts drawn from the Treasurer's office in 1909; also the expense 
per member in each Section. 

American Chemical Society 1909 Account with 


No. paid Expense per 

Local Section. members. Cr. Dr. member. 

California 148 k 9.88 109.88 0.74 

Chicago 250 122,19 172.19 0.69 

Cincinnati 77 00.00 115.50 1.50 

Cleveland 109 00.00 40.00 0.36 

Columbus 45 49.80 49.80 1. 10 

Cornell 27 50.90 24.90 0.90 

Eastern New York 56 00.00 50.00 1.00 

Georgia 27 00.00 1500 0.35 



American Chemical Society 1909 Account with 


I^ocal Section. 

No. paid 
members. 

Cr. 

Dr. 

Expense per 
member. 

Indiana 

58 

13-25 

73 25 

1.26 

Iowa 

38 

00.00 

7.70 

0.20 

Lehigh Valley 

41 

0.63 

25-63 

0.62 

Louisiana 

27 

00.00 

25.00 

0.93 

Louisville 

22 

00.00 

20.00 

0.91 

Kansas City 

80 

00.00 

80 00 

1 .00 

Michigan 

107 

7325 

73-25 

0.68 

Milwaukee 

42 

00.00 

61.50 

I.50 

Minnesota 

56 

0.80 

25.80 

0.37 

Nebraska 

24 

10.61 

10.61 

O.44 

New York 

666 

00.00 

100 00 

0.15 

North Carolina 

26 

00.00 

30.00 

I- 15 

Northeastern 

382 

13 03 

3*3-03 

00 

d 

Philadelphia 

217 

00.00 

200 00 

0 92 

Pittsburg 

145 

42.57 

142.57 

0.98 

Puget Sound 

30 

00.00 

25.00 

0 83 

St. Louis 

63 

29.13 

89-13 

1. 41 

Syracuse 

61 

00.00 

50.00 

0.82 

Washington 

.... 229 

00.00 

150.00 

0 66 

Western New York 

65 

00.00 

97-50 

1 50 

Wisconsin 

... 51 

18.51 

68.51 

0.98 

University of Illinois 

54 

14.81 

39 3i 

0-74 

University of Missouri 

20 

00 00 

10.00 

0.50 


3237 

449-36 

2295.56 

0.61 


It is worthy of note that in spite of the increased membership of the 
Local Sections during the year there has been a slight decrease in cost 
per member. 

During the fiscal year, December 1, 1908, to December 1, 1909, the 
Secretary has made collections to the amount of $48,969.12, divided as 


follows : 

Members' subscriptions $4* > 7 6 3 • 5° 

Subscriptions from non-members 2,979 3 8 

Sales of back numbers 3, 100 . 84 

Foreign postage 5 1 5 • 29 

Reprints 3 6 9-9° 

Reinstatements 52 -55 

Exchange 11.93 

Interest 175-73 


This amount was duly transmitted to the Treasurer of the Society. 

The special sale of back numbers, which was begun in 1908, was con- 
tinued by vote of the Directors until April 1, 1909. The effect of this 
sale has been noteworthy, as a distinct interest was aroused throughout 
the country and throughout the world to fill up partial sets and partial 
volumes so that the back number account, the receipts of which were 
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estimated at $500.00 for the year, really assumed the magnitude of 
$3,100.84. On the close of the sale several thousand copies of certain 
excessive issues of copies of the Journal of the American Chemical Society 
were destroyed, leaving the stock in much better condition than before, 
and by purchase of certain months that were nearing exhaustion the 
stock is still as a whole in excellent condition. The Journals which in 
the early part of the year were stored in a basement near the office of the 
Eschenbach Printing Company, have been removed to the new building 
erected by them without expense to the Society and are now in excellent 
condition. 

The following is a summary of the back numbers sent out by the Secre- 
tary during the year together with the present stock of journals and the 
condition of the mailing lists. 

Copies of the Society’s publications sent out from December 1, 1908, 


to December 1, 1909, aside from the mailing lists 31, 724 

Copies of the Journals and Chemical Abstracts in stock 44,068 

Copies of the General Index in stock 495 

Copies of the Anniversary Number in stock 298 

Mailing list for both Journals and Abstracts 4, 187 

Mailing list for Abstracts only 157 

Mailing list for Journal only 412 

Mailing list for Industrial Journal only # . . 104 


It is still desired to purchase certain back copies of the Journal and 
members will confer a favor upon the Secretary by looking through their 
stock and comparing it with the advertising pages of the Journal of the 
American Chemical Society , where a regular advertisement is run by the 
Secretary with offers for missing back numbers. Vols. 3, 4, 5, 17, 18, 20 
and 22 have already been reduced below the limit set by the Council for 
their sale except in complete sets. The Society now has but three com- 
plete sets of its publications left for sale. 

Perfect harmony exists throughout the whole Society and all of our 
members appear to be working together with decided enthusiasm for 
the upbuilding of American chemistry and the circulation of the results 
of American chemical research. 

The Secretary wishes to take this opportunity to thank the members 
throughout the Society for the loyal support which they have given him 
in his efforts to increase our strength and usefulness throughout the 
country. Early in the year he sent a communication asking for their 
support in the attempt to bring up the membership of the Society to 4500 
and the loyalty and enthusiasm with which they responded is shown 
by the fact that this number was not only reached but exceeded. 

Charles L. Parsons, 

Secretary . 



is 


Report of the Editor of the Journal of the American Chemical Society 

and Chemical Abstracts. 

During the year ending November 30, 1909, 179 papers have been 
submitted to the Board of Editors of the Journal of the American Chemical 
Society. Of these 147 have been .or will be published, 11 have been 
published after revision by the authors, and 21 have been returned for 
revision, or because they were not suitable for publication in the Journal. 
The number of pages printed during the last three years is as follows: 


1907 1908. 1909. 

Proceedings 92 130 116 

Original papers 1624 1736 1271 

Reviews 73 no 64 

Book reviews 73 77 31 


The decrease in the number of pages published is, of course, chiefly 
due to the fact that papers and book reviews pertaining to industrial 
chemistry have been published in the Journal of Industrial and Engineer- 
ing Chemistry during the current year. The circulation of the Journal 
of the American Chemical Society for December was 4601 copies, an 
increase of 628 above the circulation of December, 1908. The edition 
of the January number for 1910 will be 5700 copies. 

Owing to the necessity for careful economy we have been compelled to 
consider very carefully, with regard to all papers submitted, both whether 
they represent important scientific work which will be of value to our 
readers and which is worthy of publication in our Journal, and also whether 
it is possible to present the material offered in a more concise form. I 
wish to express for the Board of Editors our appreciation of the very kind 
way in which our criticisms in both directions have been met, and for 
the assistance which has been given us by our contributors toward securing 
the publication of all desirable material, without exceeding the sum 
which was appropriated for the publication of the Journals. 

At the beginning of the current year the extended table of contents in 
Chemical Abstracts was discontinued, chiefly from motives of economy, 
and because it was thought wise to expend the money in other directions. 
For the same reason the abstracts published during the year have been 
more carefully examined for the purpose of eliminating those which were 
of greater length than our funds will permit. The result has been rather 
an increase in the uniformity of character of the abstracts than any 
further shortening of those abstracts which were already in a very concise 
form. It has been possible as a result to publish a larger number of 
abstracts without increasing the number of pages. The system of check- 
ing our abstracts against those published in other abstract journals, and 
also to avoid duplicate publication, has been further improved, and we 



think it fair to say that the whole field of chemical publications in tfte 
world is more completely covered by Chemical Abstracts than by any 
other similar publication. This will be apparent from the number of 
abstracts published during the current year, which is as follows: 

1907. 1908. 1909. 
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Apparatus 

318 

100 

57-2 

265 

42 7 

267 

General and Physical Chemistry. . . . 

162 .6 

529 

268.3 

1013 

254.1 

1081 

Radioactivity 

26 . y 

99 

553 

228 

34.2 

163 



Electrochemistry 

44-3 

132 

77-4 

240 

73 0 

312 

Photography 

12 .0 

43 

299 

139 

14. 1 

77 

Inorganic Chemistry 

138.8 

426 

112 .0 

412 

85.6 

371 

Analytical Chemistry 

Mineralogical and Geological Chem- 

61 .9 

188 

208.7 

488 

108.4 

439 

istry 

157-6 

561 

149 9 

807 

80.5 

528 

Metallurgy 

89.2 

320 

120.8 

49O 

69 1 

315 

Organic Chemistry 

659 - 1 

1449 

630.4 

1692 

535.1 

1475 

Biological Chemistry 

300.7 

1540 

2133 

100 nr 

363-5 

2120 

Foods 

122.2 

385 

1363 

565 

1*48 9 

574 

Nutrition 

39-4 

163 

39-7 

172 

48.9 

250 

Water, Sewage and Sanitation 

54-8 

190 

569 

202 

36.2 

127 

Soils and Fertilizers 

52.1 

235 

44 3 

198* 

47.8 

297 

Fermented and Distilled Liquors. . . . 

29-3 

101 

41 .8 

162 

42.9 

206 

Pharmaceutical Chemistry 

85 5 

316 

92.4 

503 

no 5 

674 

Acids, Alkalies and Salts 

6l .9 

126 

46.1 

i 73 

318 

203 

Glass and Ceramics 

Cement, Mortar and Building Ma- 

26.1 

66 

53-2 

185 

39-7 

217 

terials 

59-7 

94 

903 

378 

447 

175 

Fuels, Gas and Coke 

Petroleum, Asphalt and Wood 

78.7 

196 

58.8 

232 

74-1 

347 

Products 

21.4 

72 

27.1 

97 

353 

150 

Cellulose and Paper 

27.9 

83 

41.7 

195 

13.5 

74 

Explosives 

25.2 

44 

42 .0 

121 

50.4 

235 

Dyes and Textile Chemistry 

Pigments, Resins, Varnishes, India 

54 6 

105 

68.0 

192 

19.2 

79 

Rubber. 

31.2 

95 

25*3 

86 

20.3 

92 

Fats, Fatty Oils and Soaps 

38.6 

78 

62.1 

158 

49-8 

187 

Sugar, Starch and Gums 

56.9 

186 

58.8 

207 

68.7 

350 

Leather and Glue 

34 0 

53 

20.5 

34 

22.3 

70 

Patents 

462 . 1 

... 

355 *3 


3658 

3806 1 


3,046.5 7,975 3,283.8 

10,835 2. 

93 i. t 

*L 455 


W. A. Noyes, Editor . 


1 Not included in the total. 
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Report of the Journal of Industrial and Engineering Chemistry for 

the Year iqoq. 

The Journal of Industrial and Engineering Chemistry has completed its 
first year and has published twenty-four editorials, one hundred sixty- 
eight original papers, or a total of one hundred and ninety- two articles 
all told. There are on hand at the present time sixteen unpublished 
articles and during the year there have been rejected twenty-eight articles, 
making a total number of articles received during the year of two hundred 
and forty -four. 

The articles published have been distributed in the various fields as 
follows: Chemical Engineering, four; Heavy Chemicals, eleven; Fuels, 
nine; Glass, none; Metals in general, two; Iron and Steel, nine; Metallurgy 
of Gold, Silver, Copper, one; Metallurgy of Lead, Zinc, etc., three; Fer- 
tilizers, eleven; Pharmaceutical, Essential Oils, etc., eight; Explosives, 
two; India Rubber, four; Sugar and Starch, five; Water, Sewage and 
Sanitary Chemistry, three; Foods, thirty; Ceramics, one; Paper, none; 
Paints and Varnish, Resins, three; Cement, Lime, Plaster, three; Textiles 
and Dyeing, none; Destructive Distillation and Petroleum, six;* Asphalt, 
Tar, Pitch, etc., four; Oils and Fats, Soaps, Lubrication, nine; Brewing 
and Spirituous Liquors, one; Gas and Illumination, two; Electro Chem- 
istry, three; Analytical and Apparatus, thirty-four; Soils and Agricultural, 
ten; Chemical Education, three; Miscellaneous, twelve. 

The monthly edition has varied from 5200 to 4600 copies. Some of the 
issues are now nearly exhausted. 

There are increasing evidences that the Journal is finding favor abroad, 
particularly in England and in France. 

It may be well to recall at this time the various steps which led to the 
establishment of the Journal of Industrial and Engineering Chemistry 
and of the separate features of the Journal. Following an agitation on 
the part of the industrial chemists belonging to the Society, for more 
representation in the affairs of the Society and for more published matter 
devoted to their interests, the idea of an “Industrial Journal” was first 
seriously discussed in the summer of 1907 at the Toronto meeting. At 
that meeting a committee was appointed to consider the matter in all 
its details and to report at the Chicago meeting, in the winter of 1907- 
1908. This committee, after correspondence and discussion in meetings, 
agreed upon the general plan ot the Journal of Industrial and Engineering 
Chemistry as it exists to-day, and the Council, after a full and open dis- 
cussion, adopted the report at the Chicago meeting. Appropriations 
for the Journal were passed at the Baltimore meeting in the winter of 
1908-1909* Each department which has been established in the Journal 
of Industrial and Engineering Chemistry was established by unanimous 
vote of the committee which had the original plans in charge and by 



unanimous vote of the Council after a full discussion. It should be 
remembered that there were good reasons for establishing each depart- 
ment of the Journal or it would not have been established. There are 
equally good reasons for continuing the department until it is shown to 
be without value to a considerable number of our membership. 

A scientific society which undertakes to publish journals for its members, 
it is not in the position of a private person or corporation, which publishes 
papers in the interests of a more or less narrow group of readers and in 
the interests of his advertisers. A scientific monthly published by a 
society is usually an outgrowth of the publication of the proceedings of 
the annual or semi-annual meeting; that is, in the early days of many 
scientific societies, when the number of members is rather limited, the 
society's funds will only permit the publication of an annual or semi- 
annual volume of proceedings which includes papers and sometimes 
discussions presented at those meetings. As the society grows, to facilitate 
prompt publication, a monthly may be established to take the place of 
the earlier proceedings. And such a publication, no less than the pro- 
ceedings, is bound to publish all worthy research papers submitted. 
In considering w r hat constitutes suitable material for publication, con- 
sideration must be had of several points. In the first place, a society 
in entering the publication field, particularly with a iponthly journal, 
has several duties to perform. It is the paramount duty of such a society 
to publish suitable research material which its members present for 
publication. This duty of a society, if it publishes at £ll, must not be 
overlooked or underestimated, for any reason or consideration whatsoever. 
This is the essential point wherein a society publication differs from a 
private one. In the second place, in the case of a journal like the Journal 
of Industrial and Engineering Chemistry , the Society owes a second duty 
to its members, in the way oi publishing material for the better informa- 
tion of its members, which is mainly of temporary interest. Such material 
may be in the field of engineering chemistry, of the nature of book reviews, 
new book lists, lists of new patents, industrial and trade notes, discussion 
and correspondence, or merely personal notes. In the third place, a 
society in entering the field of publication, owes a duty to the scientific 
world at large, which consists in publishing the original research papers 
of its members, which may have little immediate value but which must go 
on record and so become available for the future scientific public. 

It is interesting to note that each man who is interested in a particular 
subject, regrets that more papers on his subject are not published. This 
tendency is as natural as it is regrettable. What we should desire is a well- 
rounded Journal with some papers during the year on each branch of 
the subject which it endeavors to cover. 

Recently a large number of letters were sent out to authors of papers 



*9 


published in the Journal of Industrial and Engineering Chemistry during 
the year, asking for their views on various features of the Journal. Some 
new suggestions were offered which will unquestionably prove of future 
benefit, and some criticisms were made, but it is interesting to note that 
the consensus of opinion as expressed in these letters was decidedly in 
favor of the Journal of Industrial and Engineering Chemistry , as it stands 
at the present time, inclusive of all its established features. Probably 
no higher tribunal could judge of the matter than this, unless it should 
be the whole body of the Society, which is obviously impossible. 

The principal necessity which the year has developed is to separate 
the papers on agricultural and food chemistry from the Journal of Indus- 
trial and Engineering ChemtsUy and publish them in a Journal of Agri- 
cultural and Food Chemistry. Following this, to publish more papers 
of an engineering chemical nature in the Journal of Industrial and En- 
gineering Chemistry . This is an excellent policy. Both Journals would 
be eminently successful. It would mean a better classification of other 
material and it would mean that more and better papers on industrial 
and engineering chemistry would be produced and published. Practically 
all the material during the past year has come without solicitation. This 
was necessary because of the fact that funds appropriated for the Journal 
of Industrial and Engineering Chemistry for the year were insufficient to 
publish all material received. With the successful growth of the Society 
if w r e practice economy, w r e are assured of sufficient funds in the future 
for all our reasonable undertakings. We can therefore solicit good papers 
from knowm authorities on various subjects in the field of engineering 
chemistry. Your editor has no doubt that a large number of such papers 
could be obtained, and with such papers available for publication, assurance 
could be given of a far more useful Journal than has been published up 
to the present time. In conclusion, it appears that the Journal of In- 
dustrial and Engineering Chemistry has been founded on sound principles; 
that it rests upon a firm foundation financially, is demonstrated by the 
present year’s experience, and that with reasonable support it can con- 
tinue to be most useful to our membership, supplementing our other 
publications in its particular field. W. D. Richardson. 

Treasurer’s Report. 

Nov. 30, 19 o8-Nov. 30, 1909. 

RECEIPTS. 

Balance on hand December 1, 1908 $ 4, 766.18 

Secretary's office $48 , 969 . 1 2 

Back numbers and reprints 8.76 

Advertising 6,551.15 


$55,529 03 
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Interest on bank balances: 

Knickerbocker Trust Co 135.06 

Farmers* Loan & Trust Co 96.56 

Interest on investments: 

Atlas Portland Cement Co. bonds 120,00 

Interest on special funds: 

Special Investment Fund 70.00 

Life Membership Fund 35 00 


Cash retained by local sections. 


DISBURSEMENTS. 

Publications, 1909: 

Printing Journal, 12 numbers $ 6,314.34 

“ Chemical Abstracts, 26 numbers 12,750.10 

'* reprints, Journal 482.13 

** I. & E. Journal, n numbers 5»937 *03 

” I. & E. reprints 687.55 

I. & E. clerical 600 00 

I. & E. expense 254.12 


Editor's office: 

Editor’s salary $ 650.01 

Assistant Editor’s salary 1 , 2^4 . 97 

Clerical help 1 , 749 , 49 

Abstractors 4, 476 . 90 

Expense 568.27 

Reviews ' 30 00 


President’s office 

Secretary’s office: 

Expenses 1,318.19 

Clerical help, etc 1 , 153 . 00 


Librarian 500.00 

Treasurer’s office expense 400 . 00 


Commissions: 

Advertising account, 1908 672.85 

Advertising account, 1909 984.29 

Collection account 1 , 958 . 76 


General meetings 

Local Sections, cash paid 

cash retained. 


Back numbers, storage, etc 729.37 

Suspense (postage) 2, 146.07 

Reprinting 234.00 

Loans returned 5 , 200 . 00 

Interest on loans 10,00 

Index L 73* -95 

Incidentals. . 283 . 19 


$55 > 985 -65 
323-36 


$61,075.19 


$27,025.27 


$ 8,719.64 
8.00 


2,471.19 


900.00 


3,615.90 
638 . 12 
1,846.20 
323.30 
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Deposit to life membership fund 35 .00 

Salary, E. G. Love to January 1, 1909 250.00 

Special appropriation 207.94 

10, 827 . 52 

Balance: Farmers' Loan & Trust Co 3, 479.86 

Knickerbocker Trust Co. Rec’rs Cer's 1, 142 .60 

Knickerbocker Trust Co. Reg'r a/c 77 53 

4,699.99 


assets. 

As of December 1, 1909. 

Special investment fund 

Atlas Portland Cement Co., bonds 6 per cent 

Life Membership fund ($1, 000) 

Life Membership fund in Emigrant Savings Bank. . , 

Balance: Farmers’ Loan & Trust Co 

Knickerbocker Trust Co (Rec'rs Certfs.). . 
Knickerbocker Trust Co. regular account . . 

Unpaid dues 

Uncollected subscriptions 

Back numbers 

Reprints 

Unpaid advertising 


$61,07519 


$ 2,097-50 

2. 210.00 
1,080.38 
1,697.25 
3 , 479-86 
1, 142.60 

77-53 

$11,785.12 

4. 100.00 
53-65 

340.70 

64.25 

75000 

5, 308 . 60 


Life Membership Fund 


LIABILITIES. 


5f17.093.72 

$ 2,777.63 


Excess of assets over liabilities 


$14,316.09 

Albert P Hallock, 

Treasurer. 


Report of the Finance Committee of the American Chemical Society for 

the Year 1909. 

Your committee has during the past year examined and passed upon 
all the bills sent to the Treasurer for payment and has employed the 
firm of J. Yalden & Co., certified accountants, to audit the books of the 
Treasurer and their report is submitted herewith. They find that the 
accounts of the Treasurer Jiave been carefully and accurately kept and 
they expressed their entire approval of our present system of accounting. 

Respectfully submitted, 

Parker C. McIlhiney, 
Geo. C. Stone, 

E. G. Eove. 
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Report of the Librarian for the Year 2909. 

No additions of especial importance have been made to the Library dur- 
ing the past year. Periodicals received in exchange for the Society's 
publications have, so far as possible, been bound and added to the Library 
files. At present the Library contains about 6000 volumes and pamphlets. 

librarian's account. 


RECEIPTS. 

Dec. 23, 1908, balance on hand $ 47.74 

Feb. 20 to Nov. 15, 1909, from A. P. Hallock, Treasurer 500.00 

$ 547-74 

DISBURSEMENTS. 

Dec. 23, 1908 to Dec. 23, 1909: 

Subscriptions 56.60 

Expense 44.26 

Clerical 163.50 

Filling orders, 1908 53 -55 

Binding and completing files 216.60 

Balance on hand 13 .23 

$ 547-74 


E. G. Love, Librarian. 

Division of Industrial Chemists and Chemical Engineers. 

The meetings of the Division were held on Tuesday, Thursday and 
Friday with Chairman A. D. Little presiding. A full account of their 
proceedings with list of papers will be found in the February number of 
the Journal of Industrial and Engineering Chemistry. 

A special feature was the symposium on the Chemistry of Paint, held 
Thursday morning, which evoked a lively discussion and at which many 
interesting points were brought forward besides the important papers 
that were presented. 

Committees of unusual importance to industrial chemists and to the 
chemical trade were appointed and will be found in the full proceedings. 
These committees consisted of a Committee on Definition of Trade Terms, 
Clifford Richardson, Chairman; Committee on Trade Customs, Henry 
Howard, Chairman ; Committee on Official Specifications, Hervey J. 
Skinner, Chairman; Committee on Research Problems, Geo. C. Stone, 
Chairman; Committee on Standard Methods of Technical Analysis, 
T. J. Parker, Chairman; Committee on Descriptive Bibliographies, Clement 
W. Andrews, Chairman; Committee on Publicity, Wm. McMurtrie, 
Chairman; Special Committee to Confer with Manufacturers for the Pur- 
pose of Determining at What Prices Elements and Special Compounds 
Can Be Obtained Provided a Large Market Is Developed for Them, 
Gellert Alleman, Chairman. 

The officers elected for the year 1910 are as follows: 
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Chairman, A. D. Little; Vice-Chairman , Geo. C. Stone; Secretary , 
F. Gallagher, 93 Broad St., Boston, Mass.; Executive Committee , The 
officers and W. D. Richardson, ex-officio and W. H. Walker, J. 0 . Handy, 
A. S. Cushman, C. P. Van Gundy, L. A. Olney. 

B. T. Babbitt Hyde, Retiring Secretary . 

Division of Physical and Inorganic Chemistry. 

The Division met on Tuesday, Thursday and Friday, presided over 
by Chairman C. H. Herty. 

At the business session the following officers were elected for 1910: 
Chairman , E. C. Franklin; Vice-Chairman , Alexander Smith; Secretary , S. 
L. Bigelow, Ann Arbor, Mich.; Executive Committee , Officers ex-officio 
and W. F. Hillebrand, G. A. Hulett, W. L. Miller, T. W. Richards, H. P. 
Talbot. 

The question of forming a Section of Inorganic Chemistry was brought 
before the meeting and the Executive Committee was instructed to con- 
sider the advisability of forming such a Section, to report to the Council 
at the San Francisco Meeting if possible. To facilitate matters the 
Chairman appointed a committee to consider the matter and to report 
to the Executive Committee. This committee consisted of A. W. Browne, 
W. F. Hillebrand, T. W. Richards, Alexander Smith, H. L. Wells. 

The following papers w T ere presented to the Division: 

Some Observations on Phosphorescence. W. L. Dudley. 

Solarization without Light. W. D. Bancroft. 

Electro-Chemical Investigation of Amalgams of Thallium, Indium, Tin, Lead, 
Zinc and Cadmium. T. W. Richards, J. Hunt Wilson and R. N. Garrod-Thomas. 

The Reduction of Zinc by Mercury and the E. M. F. ofJZinc Amalgams. J. L. 
Crenshaw. 

Rdle of Water in Minerals. W. F. Hillebrand. 

Ammonolysis of Hydrazine Sulphate. A. W. Browne and T. W. B. Welsh. 

Quantitative Application of the Theory of Indicators to Volumetric Analysis, 
experimentally illustrated. Arthur A. Noyes. 

Measuring Capillary Ascension in Metal Tubes. S. L. Bigelow. 

The Electrolysis of Copper Sulphate Solutions with Intermittent Current. W. 
Lash Miller. 

The Final Results of an Investigation on the Atomic Weights of Lithium and 
Silver. T. W. Richards and H. H. Willard. 

A Revision of the Atomic Weight of Phosphorus. G. P. Baxter and Gunnell 
Jones. 

A Revision of the Atomic Weight of Neodymium. G. P. Baxter and H. C. Chapin. 

The Velocity of Saponification of Formic Esters. Julius Stieglitz. 

The Influence of Acids and Alkalies upon the Activity of Invertase. C. S. Hudson 
and H. S. Paine. 

Heats of Combustion of Organic Isomers. T. W. Richards and R. H. Jesse, Jr. 

Specific Heat and Heat of Neutralization of Aqueous Solutions. T. W. Richards 
and A. W. Rowe. 
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The Nature of Attractive Forces. J. E. Mills. 

Changes in Volume during Solution of the Alkali Halides. G. P. Baxter. 

A Simple Dynamic Method for Determining the Boiling Points and Vapor Pres- 
sures of Liquids or Solids with Small Amounts of Material. Alexander Smith and 
Alan W. C. Menzies. 

The Compressibilities of Organic Isomers. T. W. Richards, J. H. Mathews and 
C. L. Speyers. 

The Solubility of Salts in Concentrated Solutions. Arthur E. Hill. 

A Method for Determining Vapor Pressures. Alexander Smith and Alan W. C. 
Menzies. 

A Redetermination of Vapor Pressures of Water and Mercury. Alexander Smith 
and Alan W. C. Menzies. 

On the Oxalates of Hydrazine. J. W. Turrentine. 

Some New Double Arsenates. Louis J. Curtman. 

A Quantitative Study of the Constitution of Calomel Vapor. Alexander Smith 
and Alan W. C. Menzies. 

Wire Silver in Ores and How It Is Formed. C. E. Swett. 

The Electrical Deposition of Zinc. El wood B. Spear. 

The Determination of Antimony by the Gutzeit Method. Charles R. Sanger. 
Molybdenum and Tungsten. Colin G. Fink. 

Caesium Nitrate and the Mass Action Law for Strong Electrolytes. E. W. Wash- 
burn and D. A. Mclnnes. 

Cryoscopic-Cryohydric Studies. S. C. Lind. 

The Influence of Temperature on the Formation of Water Gas. J. K. Clement 
and L. H. Adams. # 

A Method for Determining the Molecular Weights of Dissolved Substances by 
Measurement of Vapor Pressure. Alan W. C. Menzies. 

The Condensation of Water by Electrolytes. F. K. Cameron and W O. Robinson. 
The Hydrolysis of Raffinose by Invertase. C. S. Hudson. * 

A Relation between the Chemical Constitution and the Optical Rotatory Power 
of the Sugar Lactones. C. S. Hudson. 

A Constant Temperature Regulator. Edward Bartow and Frank Bachmann. 

A New Method of Separating Chlorine, Bromine and Iodine. Louis Kahlenberg. 
The Estimation of Radium Emanation and of Radium in Common Materials. 
Merle Randall. 

The Solubility Relations of Calcium Sulphate at High Temperatures. Arthur C. 
Melcher, presented by A. A. Noyes. 

A New Test Tube Holder. H. Emerson Wetherill. 

Notes on the Preparation of Chromyl Compounds. Harry S. Fry. 

The Reaction between Bromic and Hydriodic Acid in Concentrated Hydrochloric 
Acid Solution. D. L. Randall. 

On the Velocities of Certain Reactions between Metals and Dissolved Halogens. 
Ralph G. Van Name and Graham Edgar. 

A New Method of Determining the Potentials between Liquids. Gilbert N. 
Lewis. 

Forces at the Boundary between Two ‘Liquids. W. D. Harkins. 

Ionization of Salts in Mixtures with a Common Ion. W. C. Bray and F. L. Hunt. 
Ionization of Salts in Mixtures with no Common Ion. Miles S. Sherrill. 
Chlorsulphonic Acid and Pyrosulphuryl Chloride. Charles R. Sanger. 

The Electrical Conductivity of the Alcohols in Liquid Hydrogen Chloride. E. 
H. Archibald. 

Metallic Titanium. Matthew A. Hunter. 
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The Chief Determining Factor in the Toxicity of the Metal Ions, L* L. Woodruff 
and H. H. Bunzel. 

The Solubility of Gold in Nitric Acid. Frederick P. Dewey. 

The Direct Estimation of all Intensities of Hydrogen Ion Concentration by Means 
of Di-nitro-hydrochinone. Lawrence J Henderson. 

The Nitrogen Thermometer from Zinc to Palladium. A. L. Day and R. B. Sos- 
man. 

W. D. Bancroft, Retiring Secretary . 

Division of Fertilizer Chemistry. 

The meeting of the fertilizer chemists was held on Thursday, December 
30th, and was presided over by the Chairman, F. B. Carpenter. 

The Secretary’s report showed 106 members enrolled in the Division. 

At the business meeting the following officers were elected for the year 
1910: Chairman , F. B. Carpenter; Vice-Chairman, B. L. Hartwell: Secre- 
tary and Treasurer , J. E. Breckenridge, Carteret, N. J.; Executive Com- 
mittee , Officers ex-officio and F. I J . Veitcli, H. A. Huston, W. J. Gascoyne, 
P. Rudnick. 

The Chairman’s address, entitled “Influence of Chemistry on Agricul- 
ture, ” was presented before the Division. A more detailed account 
of the meeting with papers read will appear in the February number of 
the Journal of Industrial and Engineering Chemistry. 

J. K. Breckenridge, Secretary. 

Division of Agricultural and Food Chemistry. 

The Division met on Thursday and Friday, presided over by Chairman 
W. D. Bigelow. The officers elected for the year 1910 are: Chairman , 
C. D. Woods; Vice ('h<nnuan, f G. K. Colby , Secretary, B. IJ. Curry, Durham, 
N. H .] Executive Committee, Officers ex-officio and E. W. Ililgard, H. W. 
Wiley, J. 1 \ Street, C. G. Hopkins. 

The address of the Chairman, W. 1). Bigelow, entitled “The Construction 
and Installation of a Technical Laboratory,” was presented before the 
Division. I11 addition to this many papers were presented. Sev- 
eral of these, owing to lack of time and absence of authors, were read by 
title. The meeting was regarded as an unusually interesting one on 
account of the wide variety of subjects treated and because of the very 
full discussion which was entered into by the members in attendance. 

Details of the meeting with a list of papers read will appear in the 
February number of the Journal of Industrial and Engineering Chemistry . 

F. M. Dorset, Secretary pro tern. 

Division of Organic Chemistry. 

The Division met on Tuesday and Thursday, with Chairman R. S. 
Curtiss presiding. On Tuesday morning a special program was arranged 
which was very largely attended by the members of the Society and 
consisted of the following two papers: 
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1. Virgil Coblentz. 4 'Synthetic Medicinals: Recent Progress in Re- 
lationship between Physiological Action and Structure.” 

2. Hugo Schweitzer. “Some Recent Advances in the Chemistry of 
Coal-Tar Colors.” 

The Chairman's address was presented in general session. 

The Secretary reported 1 74 registered members of the Division. 

The following officers were elected for the year 1910: Chairman , E. C. 
Franklin; Vice-Chairman and Secretary , R. H. McKee, Orono, Maine; 
Executive Committee , Officers ex-officio and H. A. Torrey, J. Stieglitz, 
J. E. Bucher. 

The following motion of general interest was passed: 

4 ‘The Division of Organic Chemistry of the American Chemical Society 
recognizes the great usefulness to chemical research, especially organic 
research, of the plan as now carried out by the Association of American 
Chemical Research Laboratories 1 and the even great possibilities of the 
plan suggested for the Chemists’ Club of New York City 2 and wishes 
to express its approval of these plans.” 

It was further voted : 

That the Executive Committee be and hereby is directed to consider 
this matter and determine if it is desirable that the Division of Organic 
Chemistry take further action with regard to it. 

The following papers were presented to the Division: 

The Action of Acetylene on Iodine Trichloride. H. Edmund Wiedemann. 

The Condensation of Methylethyl-ketone by Acids and Alkalies. Alfred Hoff- 
man. 

4- and 5-Acetamino Acetanthranils and Quinazolines Derived Therefrom. Mars- 
ton T. Bogert and C. G. Amend. 

Ethyl Phenylimino-malonate and Its Reaction. Richard S. Curtiss and F. Grace 
C. Spencer. 

Melting and Boiling Points of Certain Disubstitution Products of Benzene. J. 
Bishop Tingle. 

Phthalamidic Acids Substituted in the Benzene Nucleus. J. Bishop Tingle and 
S. J. Bates. 

The Constitution of Retene and its Derivatives. John E. Bucher. 

Stereoisomeric Chloromido Ketones. Julius Stieglitz. 

The Properties of the Hexa-Substitution Products of Ethane. James F. Norris. 

Studies in Tautomerism. S. F. Acree. 

Furylacetic Ester and Furyl-Pyrazolones. Henry A. Torrey and J. E. Zanetti. 

Hydrazones of Certain Oxy-Ketones; Alkali Irfsoluble Phenols. Henry A. Torrey. 

The Preparation of Styrolene Alcohol. Wm. Lloyd Evans and Lou Helen Morgan. 

The Basic Properties of Oxygen; Compounds of Dimethylpyrone and the Halogen 
Hydrides. D. McIntosh. 

The Constitution of Ortho-Benzo-Quinone. Wm. McPherson and Howard J. 
Lucas. 

1 Science , 30, 645. 

*Ibid. r 30, 667. 
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Esterification and Steric Hindrance. M. A. Rosanoff, C. D. Wright and T. F. 
Power. 

The Constitution of the Carboxonium Salts. M. Gomberg and L. H. Cone. 

The Constitution of the Carbothionium Salts and of the Acridine Salts. M. Gom- 
berg and L. H. Cone. 

Glycogen Content of Beef Flesh. P. F. Trowbridge and C. K. Francis. 

The Constitution of Benzene from the Standpoint of the Corpuscular-Atomic 
Conception of Positive and Negative Valences. Harry Shipley ][Fry. 

The Formation of Cyclopentadiens. William J. Hale. 

Some Organic Compounds of Selenium. Howard W. Doughty. ■ 

A Measure of Thermodynamic Positivity and Negativity in Water Solution with 
Reference to Chemical Reactions of Organic Compounds. C. G. Derick. 

The Addition Power of Methylethyl-ethylene. Roger F. Brunei. 

Equilibrium at High Temperatures between Isobutyl Bromide and Tertiary 
Butyl Bromide. Roger F. Brunei. 

The Iodine Compound of Pinene and the Resin Formed bv the Action of Iodine on 
Pinene. G. B. Frankforter and B. F. P. Brenton. * 

Ralph H. McKee, Secretary. 

Division of Pharmaceutical Chemistry. 

The Division met on Thursday, December 30th, with Chairman A. B. 
Stevens presiding. 

The by-laws were presented and were adopted by the Division. These 
will, as required by the Constitution, be referred to the Council for ap- 
proval. 

The following officers were elected for the year 1910: Chairman , A. B. 
Stevens; Vice-Chairman, J. M. Francis; Secretary , B. I*. Murray, c/o 
Merck & Co., University Place, New York City; Executive Committee , 
Officers ex-officio and J P. Remington and lvdward Kremers. 

The following papers were presented: 

Scope of Pharmaceutical Chemistry. A. B. Stevens. 

Pharmacopoeial Tests for Ammonium Benzoate. A. Seidell and G. A. Menge. 

Strychnine Sulphates. A. B. Stevens. 

The Botanical Source of the Crude Drug Known as Wild Yam. H. H. Bartlett. 

On the Availability of “Idophenine” in the Separation of Acetanilid and Acet- 
phenetidin. W. O. Emery. 

Detection of Colocynth Seed in Powdered Colocynth. V. K. Chesnut 

“Analytical Notes on Gamboge ” Frank O. Taylor. 

“On the Melting Point of Aconitine.” Frank O. Taylor. 

Pancreatin. John P. Street. 

The Relation of the Chemist to Proprietary Medicines. W. A. Puckner. 

The Purity Rubric and the U. S. P. Tests, with Notes on Quantitative Methods 
for Certain Pharmacopoeial Compounds. Atherton Seidell and M. I. Wilbert. 

Chairman of the Delegates of the American Chemical Society to the Pharmaco- 
poeial Convention presented a report and led a discussion in regard to matters to be 
brought before that Convention. Geo. D. Rosengarten. 

B. L. Murray, Secretary. 

Section of Chemical Education. 

The Section of Chemical Education met on Tuesday and Thursday* 
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presided over by Lyman C. Newell, Chairman The Chairman's address, 
however, was read in general session on Wednesday. 

A special feature of the meeting was the discussion of problems relating 
to secondary school chemistry. 

The following resolutions after careful discussion were unanimously 
passed : 

Resolved, That it is the sense of this Section that there is an urgent need for an 
improvement in the conditions under which chemistry is taught in secondary schools 
in that * 

1. The time allotted to the subject in the ordinary curriculum is not sufficient. 

2. The chemistry teacher should not teach other subjects requiring laboratory 
preparation. 

3. Provision should be made, by supplying suitable paid help and by allowing 
the teacher sufficient time each day during school hours, for the preparation of labora- 
tory material. 

4. The teacher should be permitted to purchase, subject to suitable supervision 
of his vouchers, supplies for current consumption, either from petty cash account or 
from definite appropriation. 

5. Text-books should not be used without the approval of chemistry teachers. 

6. A double laboratory period should be considered the equivalent of a single 
formal recitation. 

Edward Ellery, 

Albert L. Smith, 

M. D. SohoIG, 

* * 

Committee. 

About 50 were in attendance. 

The follow-ing papers were presented : 

On the Purpose and Method of the Chemistry Course in the Public High School. 
Frank B. Wade. 

Content and Method of a First Course in Chemistry. M. D. Sohon. 

Elementary Chemistry in Vocational Education. Lyman G. Smith. 

Conditions under which Secondary School Teachers Conduct Their Work. Albert 
L. Smith. 

Conditions and Equipment in Secondary Schools. Charles R. Allen. 

The Case against Qualitative Laboratory Experiments. Edward Ellery. 

The Desirability of the More Careful Teaching of the Miscibility of Common and 
Uncommon Reagents. Charles S. Palmer. 

Elementary Chemistry Teaching as a Means of Developing the Power of Inde- 
pendent Scientific Reasoning. Arthur A. Blanchard. 

The Teaching of Chemistry in Secondary Schools. Mosby G. Perrow. 

Educational Value of Chemistry. W. S. Leavenworth. 

The First Course in Chemistry for Secondary Schools. M. D. Sohon. 

Section of Biological Chemistry. 

The Section met on Thursday in the Lowell Building in joint session 
with the American Society of Biological Chemists. 

The following papers were presented : 

Industrial Bacteriology as a Field for Bio-Chemical Investigation. Samuel C. 
Prescott. 
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Studies upon the Physiological and Chemical Toxicology o£ the Sap of the Man* 
zanitlo Tree. Jose A. Fernandez Benitez. 

The Phosphorus of the Flat Turnip. Burt G. Hartwell and Wilhelm B. Quantz. 

Concurrent Oxidizing and Reducing Power of Roots. Oswald Schreiner and 
M. X. Sullivan. 

Ratio of Plant Nutrients as Affected by Harmful Soil Compounds. Oswald 
Schreiner and J. J. Skinner. 

Some Points in the Analysis of Proteins. T. B. Osborne. 

A Method for the Determination of Amino Nitrogen and Its Applications. Donald 
D. Van Slyke. 

The Anaphylactic Reaction as a Specific Test for Protein. M. J. Rosenau. 

The Manganese- bearing Tissues of the Fresh Water Mussels. H. C. Bradley. 

The Determination of Arsenic in Animal Tissues. Charles R. Sanger. 

The Estimation of Morphine in Cases of Poisoning. Charles R. Sanger. 

The Selective Antiseptic Action of Copper Salts. Alfred Springer. 

Stagnation vs. Circulation in House Air. Ellen H. Richards and Royce W. Gilbert. 

The Relation of Typhoid Fever to the Water Supplies of Illinois. Edward Bartow. 

Destruction of the Enzym Invertase by Acids and Alkalies. H. S. Paine 

The Action of Enzymes on Sugars. C. S. Hudson. 

The Cause of Depression Produced by Molasses. J. B. Lindsey. 

The Chemical Organization of a Typical Fruit. A. E. Vinson. 

Fixing and Staining Tannin in Plant Tissues. A. E. Vinson. 

Cornin: a Glucoside Obtained from Cornus Florida. E. R. Miller. 

India Rubber Chemistry Section. 

The Section met on Thursday, December 30th, under the chairmanship 
of Mr. Charles C. Goodrich, of New York City. Mr. Frederick J. May- 
wald, 89 Pine St., New York City, was elected Secretary and the Section 
requested that these officers act pending the probable organization of a 
Division. 28 chemists and manufacturers of India rubber were present 
at the meeting, representing many of the most important rubber corpo- 
rations, and decided interest was shown in the organization of a Division 
and in the work that it was hoped might be accomplished. A preliminary 
organization was effected, which can readily be made permanent whenever 
divisional government is granted by vote of the Council. 

A committee, consisting of Chas. M. Knight, Edw. A. Barrier, Frederick 
J. Maywald, Milton K. MacDonald, Wm.fG. Hills, Sheldon P. Thatcher, 
W. C. Geer, Mr. Oelschlaeger and Harvey M. Eddy, was appointed to 
consider the methods of analysis in examination of rubber and rubber 
compounds. 

Much interest was shown in obtaining complete abstracts of all articles 
on the Chemistry of India Rubber, and a committee, consisting of H. 
Hughes, Harold van der Linde and M. L. Allard, was appointed to assist 
the regular abstractors who might be appointed to care for a special 
section of rubber chemistry in the Abstracts Journal. 

A committee on membership, consisting of II. M. Eddy, H. van der 
Linde and Charles Knight, was also appointed. 
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There was considerable discussion with reference to the question of 
specifications for rubber goods and a committee of three, consisting of 
C. R. Boggs, C. E. Waters and G. H. Savage, was appointed to consider 
the question. 

Great enthusiasm was shown throughout the meeting and there is 
every reason to hope that a strong and active Division of Rubber Chem- 
istry may be formed. F. J. Maywald, Secretary . 


All of the above minutes abstracted and edited from the originals which 
are held on file. Charles L. Parsons, 

Secretary Amer. Chem. Soc . 


COUNCIL. 

The requirement of the Post Office Department being that such portion 
of the payment made by members ascribed to membership dues should 
be entirely separated in our By-laws from the amount paid for subscrip* 
tions, the Council, after the required three weeks’ notice, have unani- 
mously voted to change By-laws 14: 

The annual dues of members shall be $2.50, the subscription charges for mem 
bers subscribing to the publications of the Society shall be $7.50, both annual dues and 
subscription charges to be payable in advance on the first day of January of each year. 
Persons elected to membership after October of any year shall not be required to pay 
annual dues for that year. 

to read : 

By-law 14. — The annual dues of members shall be $2.50, payable in advance 
on the first day of January of each year. Persons elected to membership after October 
of any year shall not be required to pay annual dues for that year. The payment of 
membership dues does not entitle the member to receive any of the publications of the 
Society entered by the Post Office Department as second-class matter, 
and to have the subscription rates made and legalized by vote of the 
Directors instead of being a part of the By-laws. 

The following changes in the By-laws have also been made by the 
Council to bring the By-laws into conformity with the requirements 
above mentioned : 4 

By-law 15. — Any newly elected member upon the payment of the subscription 
charges for the year in which he is elected shall be entitled to receive all the publica- 
tions of the. Society for that year. 

By-laws 16. — Any member in arrears for subscription charges for two months 
shall not thereafter receive the journals of the Society until all his arrears are paid. 

Boston Meeting. 

The Council met at the Hotel Lenox on Monday evening, December 
27th, at 8.30 o’clock, with President Whitney in the chair and the follow- 
ing members present: W. R. Whitney, C. L. Parsons, H. P. Talbot, 
Edw. Bartow, S. W. Parr, Louis Kahlenberg, F. C. Phillips, Morris Loeb, 
L. P. Kinnicutt, W. D. Bancroft, Chas. Baskerville, C. H. Herty, Alfred 
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Springer, W. D. Richardson, A. Lowenstein (substitute for G. Thurnauer), 
M. T. Bogert, W. A. Noyes, G. C. Stone, G. P. Adamson, A. D. Little, 
A. A. Noyes, A. W. Browne (substitute for L. M. Dennis), Wm. Brady, 
R. S. Curtiss, L. H. Baekeland, W. R. Smith, Wm. McPherson, T, J. 
Parker, JL G. Love, W. F. Hillebrand, G. B. Frankforter, W. T. Taggart, 
Alex. Smith, J. H. Long, W. L. Miller, C. A. Catlin, L* A. Olney, A. M. 
Comey (substitute for G. 1£. Barton), A. P. Hallock, J. F. Norris and 
W. H. Walker. 

It was voted that the President and the Secretary be empowered to 
arrange for the San Francisco Meeting and fix the date thereof. 

It was voted that the report of the committee approving the By-laws 
of the Organic Division be accepted and the By-laws approved by the 
Council. 

It was voted that a committee be appointed with power to pass upon 
the constitutionality of the By laws submitted by the Division of Fertil- 
izer Chemistry and to approve them for the Council. President Whitney 
has appointed H. W. Wiley, F. C Cameron, C. S. Hudson. 

It was voted that the By-laws of the Division of Physical and Inorganic 
Chemistry be referred back to the Division to make two slight changes 
necessary to bring them into conformity with the Constitution and By- 
laws of the Society and that w hen these changes are made the By-laws 
be approved. 

It was voted that a Directory of the Society be published during the 
summer months as a separate to be distributed to members and others 
under conditions laid dowm by the Directors of the Society which shall 
properly safeguard the use of the list from those w r ho wish it for advertising 
purposes. 

A motion having been made in regard to granting special privileges 
to undergraduate student members, it was voted to refer the matter to 
a committee to consider same and report back to the Council. President 
Whitney appointed A. A. Noyes, T. W. Richards and li. P. Talbot mem- 
bers of this committee. ^ 

It was voted that a paper be circulated by a committee appointed by 
the Chair to secure subscriptions to the fund for a monument to Marcelin 
Berthelot and that the amount of subscription received be sent as a 
contribution from the members of the Chemical Society and that if it 
does not reach one thousand francs, it be referred again to the Council 
The Chair appointed M. T. Bogert, Chas. Baskerville and W. Lash Miller 

The following resolutions on the death of Charles Benjamin Dudley 
were presented by H. P. Talbot and unanimously adopted by the Council, 
all members rising. 
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Resolutions on the Death of Charles Benjamin Dudley* 

In the death of Charles Benjamin Dudley, which occurred on December 
21, 1909, the American Chemical Society has lost one of its most valued 
members, whether measured by the length of association with its affairs, by 
the wisdom and helpfulness of his counsel, or by his loyalty to its in- 
terests. 

The Council of the Society desires to record its sense of deep apprecia- 
tion of the services rendered to the Society by Dr. Dudley, both as a 
member from the time of its organization, as a long-time member of its 
Council and Board of Directors, and as its President. 

By his professional accomplishments, especially in the field of applied 
chemistry, and in particular by his successful efforts to place the business 
relations between manufacturer and consumer upon an intelligent, ac- 
curate, and equitable basis, Dr. Dudley had won an enviable renown, 
fully recognized by the Council. This success was largely made possible 
by his high integrity, his quiet sense of equity, his courage in maintaining 
a carefully formed opinion and his uniformly lovable character — traits 
which also endeared him to all his associates, to whom his death brings 
a sense of personal loss. 

The Council of the American Chemical Society votes, therefore, to 
spread this entry on its minutes and to extend its deep sympathy to the 
members of his family in their days of sadness. 

It was voted that a committee be appointed by the President to con- 
sider the matter of the publication and distribution of papers read before 
the general meetings of the Society or its Local Sections when such papers 
are adjudged by the Editors for any reason unsuited for publication in 
the Journal, although of value and interest to members. The President 
appointed Francis C. Phillips, W. A. Noyes and II. P. Talbot. 

The following committee report was then presented by A. D. Little, 
in the absence of Chairman Veitch and it was voted that the report be 
received, published in full in the Journal, and that the committee be 
retained and be thanked for its efficient work. 

Report of the Paper Committee of the American Chemical Society. 

December, 1909. 

At the June meeting of the Society in 1908 at Mr. Veitch’s request, Mr. Tolman 
laid before the Council some results which the former had obtained on the paper then 
used in the Journal of the American Chemical Society and Chemical Abstracts , which 
brought out the fact that this paper did not comply with the specifications, was of 
low quality and needlessly heavy and bulky. The Council, on motion of Mr. Tolman, 
appointed a committee consisting of Dr. W. A. Noyes, Dr. McMurtrie, Mr. A. D. Little, 
Mr. M. L. Griffin and Mr. Veitch to “consider the quality of the paper used in the 
Journals” and to secure, if practicable, more suitable papers. The committee worked 
under difficulties. The funds of the Society were limited and therefore the total cost 
of printing and mailing the journals could not be increased, and, furthermore, as the 
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members of the committee live in different parts of the country most of its work has 
been done through correspondence with its attendant delays. 

In the execution of its duties it has been the purpose of the committee to secure 
the most durable, strongest, lightest, thinnest, most opaque and cleanest paper, having 
a surface not injurious to the eyesight, that it was possible to procure for the money 
available. 

The problem is complicated by the fact that certain characteristics which a paper 
should have are diametrically opposed to other equally, or more, important qualities. 
Thus lightness and thinness are secured at the expense of opacity, while opacity means 
greater thickness and weight, or less strength and durability. In a paper of a given 
weight and thickness opacity is secured at the sacrifice of strength and durability; 
lightness and thinness arc secured at the sacrifice of strength, durability and opacity. 
It is evident, therefore, that any paper must be a compromise among opposing char- 
acteristics and the nature of this compromise is determined by the purpose for which 
the paper is to be employed In effecting this compromise the committee steadily 
endeavored to maintain essentials and to accentuate utility. The committee rec- 
ognizes that there are members of the Society who would much prefer what they 
would declare is a better-appearing paper, one that is thicker, stiller and less trans- 
parent. This view has not been ignored by the committee. It is believed, however, 
that the briefest consideration of the subject and the most cursory comparison of the 
current issues, particularly the bound volumes, with those of last year will furnish 
convincing evidence in support of the action of the committee. 

The advantages of the paper used this year are at once apparent. The current 
volume of Chemical Abstract* will be bound in two, while the 1908 issues were bound 
in three volumes, a saving of one-third on the cost of binding. The shelf space and 
weight per volume of the same number of pages is also reduced approximately one- 
third. The publications are much more convenient to handle, and are more safely 
and economically stored, both important considerations to the reader and to the 
librarian. 

It was difficult to secure an acceptable paper at a price which the Society could 
pay. The specifications arc more stringent than it is customary to draw for paper 
of this class. Paper-makers prefer to make heavier and thicker paper, as more can be 
produced for the same operating expenses, and further, the printer feared the new 
paper would not work satisfactorily on the presses, and urged that no change be made. 
All of these difficulties and objections were finally overcome and a paper made to comply 
with the following specifications was secured: 

Stock. 

Rag 

Bleached chemical wood or equivalent thereto 

Ash — China clay 

Weight (26 X 3 8 > 5°o) 

Strength (Mullen) 

Folding number (Schopper) if practicable 

Sizing */« rosin — no starch. 

Finish — uniform machine, same on both sides. 

Color — uniform, natural. 

Paper must be well washed to remove soluble salts and 
bleaching materials. 

The comparative value of the old and new papers is shown except so far as opacity 
is concerned, by the following statement of the composition, strength, and folding 
qualities of the papers: 


75 per cent. 

25 


42 pounds. 
*5 
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Stock. 

Old. 

New. 

Rag 

... 20 per cent. 

77-81 

Bleached chemical wood 

... 80 

23-19 

Ash 

0 

1 

6.4-8. 7 

Weight — ream 26 X 38, 500 lbs 

... 60 

40-42 

Thickness, thousandths inch 

... 3.8 “ 

3 *o 

Double folds (weak direction) 

... 2 

3-4 

Strength, Mullen 

. . . 5-10 pounds. 

12-14. 5 


From these specifications it is clear that the paper now used is much superior in 
durability and strength to that formerly used and it was estimated would cost no 
more for a year's supply. In confirmation of the opinion of the committee on the 
question of cost it may be interesting to know that in a letter to Dr. Noyes, dated 
February 4, 1909, the printer states that the postage on the foreign- going February 
issue of the Journal was $ 10.50 less than it would have been if printed on the old paper 
and the domestic postage was $10.00 less, a total saving in postage of $20.50 on the 
February issue. The paper for this issue, however, cost $13.20 more than the old 
paper would, reducing the net saving on the new paper to $7.30. If this rate extends 
throughout the year on the three monthly issues of the Journal and Abstracts, the new 
paper, in addition to the other advantages, will have saved the Society approximately 
$200 per year. Doubtless the editors can give definite information on this point. 

The committee has endeavored to improve this paper for 1910. It is fully realized 
that it will not withstand indefinitely the severe usage of library reference, such as the 
publications of the Society are subjected to. So far, however, improvement has not 
been feasible, except that the opacity has been increased by increasing the ash from 
5-8 per cent. The cost of the paper has been reduced from 6.8# cents to 6.55 cents 
per pound. * 

It has not been the object of the committee to have the publications cost less, 
however, and though the same paper at a materially lower cost has been selected for 
next year's issues, the committee hopes ultimately to secure a mudh better paper which 
which may cost more. 

During this year the committee has, after consultation with and the approval of 
Mr. Richardson, the editor, drawn the following specifications for the paper for the 
“Engineering and Industrial Journal": 

Stock. 

Rag 

Bleached chemical wood or equivalent thereto 

Ash 

Weight, ream 

Thickness thousandths inch, maximum 

Strength, Mullen 

Sizing, rosin, no starch. 

Finish, uniform, supercalendered, same on both sides. 

Color, uniform, natural. 

Paper must be well washed to remove soluble salts and 
bleaching materials. 

The comparative value of the paper in the current volume and the proposed paper 
is indicated in the following table: 


Stock. Present paper. New paper. 

Rag 38-60 per cent. 60 per cent. 

Bleached chemical wood 62-40 “ 40 “ 

Ash 16-26.7 * *5 M 


60 per cent. 
40 “ 

15 

100 pounds. 
>032 

15 pounds. 
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Weight ream 35 X 48, 500 

Thickness, inch 

Strength, Mullen 

Double folds 

Sizing 


Present paper. 

120 pounds. 
0.0035-0.0040 
9-14 pounds 
1-2 
rosin. 


New paper. 
100 pounds. 
0.0032 
15 pounds, 
not det'n. 
rosin. 


In other words, the new paper will be of better stock, will be stronger, thinner, 
lighter, contain less loading and will as a consequence prove more durable in service. 
The improvements are along the lines followed in the Journal paper, but the changes 
will not be so marked. The committee estimates that the saving in printing and 
mailing the “Industrial Journal” will approximate $ 2 00 per annum. 

Consideration has been given the cover paper used on the Society's publications. 
It is reasonably certain that better and at the same time less expensive covers can be 
had. A suggestion that more distinctive colors be given the covers of the several 
publications has been made and the committee has the whole question of covers under 
consideration, upon which a decision may be reached in time for the 1910 issues. 

It may not be out of place to call attention to the fact that owing to the continued 
deficit in the Post Office Department, serious consideration may be given by this Con- 
gress to the proposal to increase the postage on second-class matter. Should this be 
done the effect on the finances of the vSociety will be less serious than if a heavier paper 
were employed in its publication. 

In closing this report of progress your committee would emphasize again the fact 
that its efforts have been against the modern print paper making practice, which 
emphasizes quantity rather than quality. Final results are not therefore obtained at 
once. 

Better and more suitable paper than that so far secured for the publications of 
the Society can undoubtedly be obtained at once at considerably increased cost. It 
is believed that in time better paper may be had, at but small increase in cost. When 
paper makers in general are more familiar with the manufacture of this class of paper, 
when they become better acquainted with modern methods of paper testing and know 
more definitely what tests their products will comply with, there will doubtless be 
more competition and higher grade paper can be secured. It would seem advisable, 
therefore, if it meets with the wishes of the Council, to continue the committee to this 
end. 

In conclusion it may be said that from the utilitarian viewpoint, and probably 
from the artistic as well, the publications of the Society have been improved and the 
expense of printing them materially reduced. 

It was voted that W. D. Richardson and A. M. Patterson be added to 
the committee on paper. 

The Treasurer’s report was read and adopted. 

It was voted that the Budget for 19 to be taken up and considered by 
sections. 

It was voted that the question of policy in conducting the Journal of 
Industrial and Engineering Chemistry be referred to the Executive Com- 
mittee of the Division of Industrial Chemists and Chemical Engineers 
for an expression of opinion with the request that they consider the 
matter and send their opinion to the Council on Wednesday evening. 

It was voted that when the meeting adjourned it adjourn to reconvene 
immediately following the President's address on Wednesday evening. 
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It was voted that the question of expenses of officers and editors attend- 
ing the meetings of the Society hereafter be referred to a committee to 
report on Wednesday evening. 

Several items of the Budget were then passed and others discussed 
and the whole was left over for final approval as a whole for the next 
meeting of the Council. 

The President appointed as a committee to consider the matter of 
expenses of officers attending meetings of the Society, Morris Loeb, W. D. 
Bancroft and Wm. McPherson. 

A second Council meeting was held Wednesday evening, December 
29th, following the President’s address. The meeting was called to 
order with the following members present: W. R. Whitney, F. B. Carpen- 
ter, A. P. Hallock, G. P. Adamson, H. W. Wiley, A. D. Little, L. P. Kin- 
nicutt, C. A. Catlin, G. B. Frankforter, R. E. Stallings, A. W. Browne 
(substitute for L- M. Dennis), A. B. Stevens, F. C. Phillips, C. L. Parsons, 
J. E. Mills, W. A. Noyes, J. H. Long, H. P. Talbot, Alex. Smith, W. D. 
Bancroft, W. D. Richardson, M. T. Bogert, Morris Loeb, E. G. Love, 
T. J. Parker, W. F. Hillebrand, L. A. Olney, W. R. Smith, G. C. Stone, 
Edw. Bartow, L. H. Baekeland, C. H. Herty, Wm. Brady, Chas. Basker- 
ville, Alfred Springer, W. T. Taggart, S. W. Parr, A. Lowenstein (sub- 
stitute for G. Thurnauer). * * 

It was voted that the present committee in charge of the Section of 
Chemical Education be continued. 

It was voted that the Program Committee be instructed! by the Council 
to comply if possible with the recommendations of the committee having 
in charge the Section of Chemical Education to the effect that when the 
Section of Chemical Education arranged a program bearing especially 
upon the work of one of the Divisions a free half-day for the program 
the Section of Chemical Education be found upon which the Division con- 
cerned shall hold no program of its own, leaving it in the jurisdiction of 
the Program Committee, however, to arrange the matter as may be most 
satisfactory. 

The Executive Committee of the Division of Industrial Chemists and 
Chemical Engineers presented their opinion in regard to the policy to be 
followed. in conducting the Journal of Industrial and Engineering Chemistry 
as requested at the previous Council meeting. As a result of their recom- 
mendations the following motions based thereon were passed: 

Voted , That all papers giving the results of good research work that are offered or 
can be obtained be published within the limits of the appropriated Budget. 

Voted, That in addition to papers on original work others dealing with progress 
in any given line or with improvements or processes should be published and that 
three hundred dollars or as much thereof as may be necessary be appropriated for the 
period of six months to be used in the discretion of the editor in procuring articles 
coming under this recommendation. 
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Voted , That the question of printing the Journal throughout in 9-point type be 
referred to the directors with power. 

Voted, That the editor of the Journal of Industrial and Engineering Chemistry be 
paid a salary of one thousand dollars per year and 5 per cent, on the advertisements 
secured by him up to the time an advertising agent is appointed. 

Voted , That a committee of five be appointed by the chair to recommend to the 
directors a suitable advertising agent for employment and that W. D. Richardson and 
Wm. McMurtrie be members of the committee. President Whitney appointed A. D. 

1 ittle, W. D. Richardson, Wm. McMurtrie, W. H. Walker and Geo, P. Adamson. 

Voted , That the Board of Directors upon such recommendation from the com- 
mittee be authorized to employ an advertising agent on a commission basis, such com- 
mission not to exceed 25 per cent. 

It was voted that the question of publishing a separate Journal of 
Agricultural and Food Chemistry be referred to a committee to be selected 
by the President of the Society in conjunction with the Executive Com- 
mittee of the Division of Agricultural and Food Chemistry and that 
copies of the report of this committee be sent to all members of the Council 
by mail not later than June 1, 1910. 

Dr. Loeb reported for the committee appointed at the previous meeting 
to make recommendations in regard to the expenses of officers at General 
Meetings and the following recommendations of the committee were 
unanimously adopted. 

1 . That the railroad and hotel expenses of the President and the Secretary be paid 
at both the annual and the summer meeting. 

2. That the traveling expenses be paid for the Treasurer and Editors in attendance 
at the annual meeting. 

3. That if the Board of Directors desire to present a special recommendation to 
the Council at a summer meeting which affects the work of one of the officers, such 
officer shall be previously notified and if he desires to be heard in opposition shall be 
paid his traveling expenses. 

It was voted that the item of clerical expense for the Editor of the 
Journal of Industrial and Engineering Chemistry be referred to the Di- 
rectors with power to arrange as necessary after consultation with the 
Editor. 

It was voted that the item for printing pages of advertisements in the 
Journal of Industrial and Engineering Chemistry be struck out of the 
Budget as a contingent item and be referred to the Board of Directors 
with power. 

It was voted that the Board of Directors be requested if possible to 
submit the Budget each year to the Council by mail in advance of the 
meeting. 

It was voted that the Treasurer be paid a salary of two hundred dollars 
a year and that this item be added to the Budget. 

It was voted that the following Budget as a whole be referred to the 
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Board of Directors with the recommendation that it be passed by them 
in conformity with the acts of this meeting. 

Budget for 1910. 


RECEIPTS. 

Dues 

Advertisements 

Subscriptions 

Postage 

Back numbers 

Interest 


$42,000.00 

6. 500.00 

2. 500.00 
500.00 

1,000.00 

500.00 


EXPENDITURES. 

Journal American Chemical Society: 

Editor’s salary 

Expenses 

Reviews 

Printing 

Reprints (net) 


t5S*ooo.oo 


$ 1 , 000.00 
200.00 
100.00 
7,070.00 
350.00 


Total 

Chemical Abstracts: 

Editor’s salary 

Associate editor, salary 

Assistance, including indexer 

Expenses 

Abstractors 

Printing, including index 

Total 

Journal of Industrial and Engineering Chemistry: 

Editor salary 

Printing 850 pages at $6.20 per page 

Printing advertisements 1 

Authors’ reprints, $50 per month 

Index 

Postage, $20.00 per month 

Expense 

Clerical* 

Special expense* 


8, 720.00 


$ 1,000.00 
8^7.00 
1,583.06 

450.00 

4. 700.00 
14, 650.00 

23, 250.00 

$ 1,000.00 

5. 270.00 

600.00 

100.00 

240.00 

600.00 

300.00 


Total 7,810.00 

Commission: advertising, at 20 per cent 1, 300.00 

collections, at 4 per cent 1, 840.00 

Secretary’s office: 

Clerical x, 200.00 

Expense 1,250.00 

1 Referred to directors. 


2 Appropriation covering first six months. 

* The item of clerical expense has been left to the directors with power. The 
editor estimates that $60 per month will be required until such time as he is relieved 
of the advertising and $30 per month thereafter, 
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Treasurer’s office: 


Salary 200 -00 

Expense 400.00 

President’s office 50.00 

Librarian's office 500.00 

General meetings 1 , 5 00 ■ 00 

Local sections 2 , 500 . 00 

Incidentals 800 . 00 

Back numbers 500.00 

Directory 350 00 


Total $52,170.00 

Contingent items (noted in foot-notes) estimated 120 pages 

advertisement Jour. I. & E. C 744 00 

Clerical, Editor of Jour. I. & E. C 420.00 


Grand total $53, 334 . 00 


It was voted that the title of the general Committee on Uniformity 
of Technical Analysis be changed to the Committee on Standard Methods 
of Analysis. 

It was voted that the Committee on Standard Methods of Technical 
Analysis of the Division of Industrial Chemists and Chemical Engineers 
be constituted a subcommittee of the Committee on Standard Methods 
of Analysis, and that the Chairman of the said Committee of the Division 
of Industrial Chemists and Chemical Engineers be a member of the general 
committee with right to vote limited to matters relating to the work 
of his own committee. 

It was voted that all committees similarly constituted to standardize 
methods of analysis be likewise made subcommittees of the Committee 
on vStandard Methods of Analysis. 

The following officers were then elected : Directors for two years , A. D. 
Little, E. G. Love. Finance Committee , E. G. Love, P. C. Mcllhiney, 

G. C. Stone. Membership Committee, Wm. McMurtrie, E. G. Love, B. E. 
Curry. Secretary , Charles L. Parsons. Treasurer , Albert P. Hallock. 
Librarian , Daniel D. Berolzheimer. Editors : Journal of the American 
Chemical Society — W. A. Noyes, Editor-in-chief ; M. T. Bogert, Edward 
Hart, W. F. Iiillebrand, J. H. Long, Arthur A. Noyes, Charles L. Parsons, 

H. P. TalbQt, H. W. Wiley. Chemical Abstracts — A. M. Patterson, Editor - 
in- Chief ; J. J. Miller, Associate Editor. Journal of Industrial and Engi- 
neering Chemistry — W. D. Richardson, Editor-in-Chief ; Geo. P. Adamson, 
E. G. Bailey, G. E. Barton, Wm. Brady, Win. Campbell, F. B. Carpenter, 
Virgil Coblentz, Francis I. Dupont, W. C. Ebaugh, Wm. C. Geer, W. F. 
Hillebrand, W. D. Home, L. P. Kinnicutt, A. E. Leach, Karl Langenbeck, 
A. D, Little, P. C. Mcllhiney, E. B. McCready, Wm. McMurtrie, J. Merritt 
Matthews, T. J. Parker, J. D. Pennock, G. C, Stone, F. W. Traphagen, 
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Ernst Twitchell, Robert Wahl, Wm. H. Walker, M. C. Whitaker, W. R, 
Whitney. 

W. D. Bancroft having been elected President and also Councilor-at- 
Large, it devolved upon the Council to elect a Councilor in his place and 
W. L. Dudley, of Nashville, Term., was elected Councilor-at-Large for 
three years from January 10, 1910. 

It was voted that the vacancies on the Board of Editors of the Journal 
of Industrial and Engineering Chemistry be referred to the Executive 
Committee of the Division of Industrial Chemists and Chemical En- 
gineers with power to fill same and that any other vacancies occurring 
between meetings be like wi.se treated. 

The committee appointed at the previous meeting to consider the 
publication of papers other than those printed in the Society’s Journals 
reported but after considerable discussion the report, mainly for financial 
reasons, w r as tabled. 

It was voted unanimously that the Council express its appreciation 
to Dr. E. G. Love for his long and faithful services as Librarian of the 
Society. 

It was voted the Council express to Dr. Wm. McMurtrie their sincere 
congratulation on the recovery of his health and the hope that he may 
soon be able to meet with them again. # 

It W'as voted that the Council express their sincere thanks and apprecia- 
tion to the authorities of the Ohio State University, the University of 
Illinois and the New Hampshire College for the courtesies which those 
institutions are extending to the Editor of Chemical Abstracts , to the 
Editor of the Journal of the American Chemical Society and to the Secretary. 

It was voted that the thanks of the Council be extended to all the officers 
of the Society who have served them so faithfully during the past year. 

It was voted that the Editor of Chemical Abstracts be made Chairman 
of the Committee on Exchanges and that the committee consist of the 
Editors of the Society’s Journals and the Librarian. 

It was voted that the Council meetings called at the time of the Annual 
Meeting of the Society shall begin at 2.30 o’clock on the afternoon preced- 
ing the opening session. 

Adjourned. Charles L. Parsons, 

Secretary, 

MEMBERS ELECTED BETWEEN DEC. 13, 1909, AND JAN. 15, I9IO. 

Alkier, S. J., 6 Sumner Ave., Brooklyn, N. Y. 

Allard, M. L., c/o Gutta Percha & Rubber Mfg. Co, of Toronto, Toronto, 
Can. 

Allwood, Wm. H., 484 Broadway, Everett, Mass. 

Babington, Fred W., Customs Lab’y, Ottawa, Canada. 

Bahe, William, 426 McKean St., Philadelphia, Pa. 

Bainbridge, Edmund F., 283 Congress St., Bradford, Pa. 
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Barrett, Edward P., Rolla, Mo. 

Batisch & Lomb Optical Co., Rochester, N. Y. 

Beard, Stanley D., 449 East 57th St., New York City. 

Biach, Ludwig K., Norwich, Conn. 

Bird, Roy J., Orono, Maine. 

Blake, Alfred E., Durham, N. H. 

Boogs, Charles R., Simplex Electric Co., Cambridge, Mass. 

Boren, Earl E., 402 Larimer Ave., Pittsburg, Pa. 

Bower, John B., 2-6th St., N. E., Washington, D. C. 

Bradley, Linn, 2104 Vermont Ave., So. Los Angeles, Calif. 

Bradley, Walter M., 520 Whitney Ave., New Haven, Conn. 

Brann, Bertrand F., 227 Essex St., Bangor, Maine. 

Brautlecht, Charles A., 38 Clark St., New Haven, Conn. 

Breckenridge, James M., 325 W. Dayton St., Madison, Wis. 

Breuning, Wm. H., 1401 East 55th St., Chicago, 111. 

Brewer, Howard D., 4 Congress St., Worcester, Mass. 

Burwell, Albert L., Winsted, Conn. 

Chase, Edward S., 208 N. 4th St., Reading, Pa. 

Childress, Geo. C., Knoxville, Tcnn. 

Clapp, Dudley, 52 Hartford St., Dorchester, Mass. 

Clark, Robert H., Clark University, Worcester, Mass. 

Cleveland, D. B., 1856 East 63rd St., Cleveland, Ohio. 

Coleman, Wm, B., 113 South 37th St., Philadelphia, Pa. 

Collins, Lawrence M., Washington and Lee Univ., Lexington, Va. 
Comstock, Laura (Miss), Orono, Maine. 

Conarroe, Alvin N., 1603 St. Charles Road, Maywood, 111. 

Gone, Lee H., 1216 Prospect St., Ann Arbor, Mich. 

Cook, Edwin F., 743 N. New Jersey St., Indianapolis, Ind. 

Cornell, Sidney, 134 North Second St., Duquesne, Pa. 

Cummins, Earl H., 1332 6th Ave., Des Moines, la. 

Cujme, George O., Jr., 45 Conant Hall, Cambridge, Mass. 

Cutler, D, A., c/o Revere Rubber Co., Chelsea, Mass. 

Davidson, D. McL., 804 Nichols St., Fulton, Mo. 

Davis, John R., Box 102, Bridgeville, Pa. 

Davis, Myron P., 2nd, 1x12 13th Ave., Altooria, Pa. 

Dedrick, Charles H., Williamsburg, Pa. 

Denny, Henry W., State Lab’y of Hygiene, Trenton, N. J. 

Doggett, Lucy F. (Miss), III. Food Lab’y, 1623 Manhattan Bldg., 
Chicago. 

Durgin, Cora A. (Miss), 38 Clifton St., Worcester, Mass. 

Eby, John G., 1711 W. Susquehanna Ave., Philadelphia, Pa. 

Edwards, J. D., 2244 Nicollet Ave., Minneapolis, Minn. 

Emery, Sidney S., Louviers, Douglas Co., Colorado. 

Engle, S. G., 704 Conn. St., Gary, Ind. 

Eve, J. Hammond, c/o Southern Cotton Oil Co., Savannah, Ga. 

Fagan, James P., Berlin, N. H. 

Fairbank, The N. K. Co., 143 Dearborn St., Chicago, 111. 

Fales, Almon L., 13 Jaques Ave., Worcester, Mass. 

Fels & Co., Philadelphia, Pa. 

Fisher, Henry D., c/o Factory K. U. S. Glass Co., Pittsburg, Pa. 
Fulweiler, W. Herbert, Moylan, Delaware Co., Pa. 

Glass, John W., 1515 So. 8th St., Terre Haute, Ind. 
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Glaze, John B,, 530 Massachusetts Ave,, Boston, Mass. 

Goodrich, Charles C., 2 Rector St., New York City. 

Hall, Clarr H., 177 14th St., Milwaukee, Wis. 

Hamilton, Paul B., c/o The Oakes, Windsor Park, Chicago, 111 . 
Harney, John M., 24 East Hill St., Wabash, Ind. 

Hayward, J. C., 603 East Seneca St,, Ithaca, N. Y. 

Heim, Wm. L., 115 Biddle St., Kane, Pa. 

Heise, George W., 1022 Park St., Grinnell, la. 

Heller, Harry, c/o Great Western Sugar Co., Loveland, Colo. 
Henderson, V. E., University of Toronto, Toronto, Canada. 

Henry, David H., Clemson College, So. Car. 

Hirsch, Alcan, 142 Beacon St., Boston, Mass. 

Hoffmann, George L., 359 Vine St., W. Lafayette, Ind. 

Holladay, J. Albert, 442 Seneca St., So. Bethlehem, Pa. 

Holliday, Karl J., Akron Apartments, Pittsburg, Pa. 

Hopp, G., 122 Catharine St., Ithaca, N. Y. 

Houston, Dwight, M., 921 Winchester St., Milwaukee, Wis. 

Houston, John R., c/o Filer & Stowell Co., Milwaukee, Wis. 

Hutchison, Charles F., c/o Eastman Kodak Co., Kodak Park, Rochester, 
N. Y. 

Hyde, Austin T., Rumford, Maine. 

Jacob, J. E., Ancon Hospital, Canal Zone. 

Janitzky, Emanuel J., Box 135, Duquesne, Pa. 

Jenne, Lyle L., 120 E. Washington Lane, Philadelphia, Pa. 

Johnson, L. D., 202 Williams St., Ithaca, N. Y. # 

Jonas, Horace, N., Michigan St., Racine, Wis. * 

Jones, Howard M., 504 City and County Bldg., Salt Lake City, Utah. 
Jungersen, Ole H., 2853 91st St., Chicago, 111 . 

Kent, Arthur G., c/o Nat’l Calfskin Co., Peabody, Mass. 

Kipp, Orrin L. G., Ames, Iowa. 

Klar, Max, 5 Kantstrasse, Hannover, Kleefeld, Germany. 

Kline, C. Erie, Melrose Park, Montgomery Co., Pa. 

Kostalek, John A., 1001 So. 5th St., Champaign, 111 . 

Kratz, G. D., 526 Stewart Ave., Ithaca, N. Y. 

Kraybill, B. E., Orono, Maine. 

Lafferrander, Robert L., 129 York St., Brooklyn, N. Y. 

Laftman, Axel B., c/o Grasselli Chem. Co., Grasselli, N. J. 

Lascoft, J. Leon, 1223 Lexington Ave,, New York City. 

LaShell, Lewis L., 210 Waverly St., Warren, Ohio. 

Lehmann, Adolf L. J., Strathcona, Alberta, Canada. 

Lewis, George C., New Dorp, Staten Island, N. Y. 

Libby, S. W., 6 Olive St., Watertown, Mass. 

Lilly, The Eli & Co., Indianapolis, Ind. 

Lloyd, Hoyes, 396 Brunswick Ave., Toronto, Canada. 

Lyon, Clarence H., 1047 Waverly Ave., Kansas City, Kans. 

Mann, Charles A., 924 Clymer Place, Madison, Wis. 

Marshall, Charles E., East Lansing, Mich. 

Martin, James H., 244 E. Broadway, Winchester, Ky. 

Mason, Thos. W., 304 W. Spring St., Northfield, Minn. 

McAbee, W. D., 5 The Griffith, Indianapolis, Ind. 

McKenney, R. E. B., Cosmos Club, Washington, D. C. 

Meader, John W., 705 Greer St., Indianapolis, Ind. 
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Mighill, Thomas A., 15 Exchange St., Boston, Mass. 

Moat, Charles P., 184 Church St., Burlington, Vt. 

Moore, C. J., 522 26th Ave., S., Seattle, Wash. 

Moore, H. C., 53 W. Baker St., Atlanta, Ga. 

Moore, Philip A., 630 So. Randolph St., Champaign, 111 . 

Mowry, Leland B., Nayata Lodge, Cayuga Heights, Ithaca, N. Y. 
Nicholson, A. R., Wyncote, Pa. 

Nuckolls, A. H., 6325 Monroe Ave., Chicago, 111 . 

Oberfell, Charles R., Harrisonburg, Va. 

Patterson, Romney C., 201 Oak Ave., Ithaca, N. Y. 

Peel, Charles E., Durham, N. H. 

Pennsylvania Rubber Co., Jeannette, Pa. 

Pettijohn, Earl, 2314 Langford Ave., Minneapolis, Minn. 

Pickel, George J., St. Ignatius College, Cleveland, Ohio. 

Pierce, E. G., 60 College House, Cambridge, Mass. 

Plummer, Fred B., University of Chicago, Chicago, 111 . 

Porter, A. H., New Prague, Minn. 

Rassow, B., Stephanstr. 18, Leipzig, Germany. 

Rathjen, Edwin F., 121 Maple Ave., Ithaca, N. Y. 

Richards, W. A., University High School, Univ. of Chicago, Chicago, 111 . 
Roebling, Herman, 630 Lake St., Madison, Wis. 

Rollin, Charles, 1 St. Nicholas Buildings, Newcastle-on-Tyne, Eng. 
Rosino, Gilbert G., 169 West nth Ave., Columbus, Ohio. 

Ruskowsky, Fred A., 8923 Houston Ave., Chicago, 111 . 
vSchneeberg, Bertrand, 1026 Broadway, Camden, N, J. 

Scott, E. II., Milledgeville, Ga. 

Scott, Grant E., 439 College St., Burlington, Vt. 

Shaw, L. I., 271 Langdon St., Madison, Wis. 

Shengle, John C., c/o Kiangsu Chem. Wks., Shanghai, China. 

Showalter, Ralph W., 3338 N. Illinois St., Indianapolis, Ind. 
Silverthorn, James C., 1131 Broadway, Albany, N. Y. 

Sims, James M., 7423 Railroad Ave., Chicago, 111 . 

Slocum, Harry E., 118 Craft Ave., Pittsburg, Pa. 

Smith, George A., 1069 Prospect Place, Brooklyn, N. Y. 

Snell, Walter R., Dubois, Pa. 

Spears, Howell D., Ky. Exper. Station, Lexington, Ky. 

Sprague, Forest O., Rear 208 Summer St., Boston, Mass. 

Stack, E. B., Monroe, No. Car. 

Steward, R. F,, 1768 Columbia Road, Washington, D. C. 

Strachan, E. K., 410 E. Chalmers St., Champaign, 111 . 

Strickland, F. P., Jr., 2101 N. 5th St., Kansas City, Kans. 

Swan, Harry B., 1155 Sycamore St., Buffalo, N. Y. 

Taylor, John, Liggett Bldg., St. Louis, Mo. 

Taylor, Richard R., 474 Mass. Ave., Boston, Ma9s. 

Thayer, Harry M., c/o The Proctor & Gamble Co., Kansas City, Kans. 
Titus, Martin E., 733 3rd St., Milwaukee, Wis. 

Tuttle, Herbert C., 17 Gramercy Park, New York City. 

Van Haagen, Walter K., Ga. School of Technology, Atlanta, Ga. 
Welles, Arthur T., 2 Magee Ave., Rochester, N. Y. 

Whealdon, Albert D., Superior, Wis. 

Whitcomb, J. A., 12 1 Paulison Ave., Passaic, N. J. 

Wilber, David T., 321 Dryden Road, Ithaca, N. Y. 
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Will & Baumer Co., Syracuse, N. Y. 

Wills, Frank, 505 E. Green St., Champaign, 111 . 

Wilson, Edgar P., 123 Woodland Ave., New Rochelle, N. Y. 

Woods, Charles S., 327 Newton Claypool Bldg., Indianapolis, Ind. 

Woodyatt, Rollin T., Rush Medical College, Chicago, 111 . 

BOARD OF DIRECTORS. 

A meeting of the Board of Directors was held at the Hotel Lenox at 
1.30 a.m., Thursday, December 30th, with Messrs. Whitney, Bogert, 
Parker, Hallock and Parsons present. 

A quorum being announced, it was voted that all the recommenda- 
tions of the Council with regard to financial matters as recorded in the 
minutes of the Council for December 27, 1909, and December 29, 1909, 
are hereby approved and adopted as the action of the Board of Directors. 

Adjourned. Charles L. Parsons, 

Secretary. 


MEETINGS OF THE SECTIONS. 

[Full accounts of all meetings should be sent to Secretary Charles L. Parsons, 

Durham, N. H.] 

PITTSBURG SECTION. 

The regular meeting of the Section was held at the Cafnegie Technical 
Schools, Applied Science Building, on Thursday evening, December 
16th, at 8 o’clock. 

The program included the following papers: *“Som£ Improved Gas 
Analysis Apparatus,” by Dr. E. J. Hoffman, U. S. Geol. Survey. “The 
Determination of the Percentage of Phosphorus Retained with the 
Ferric Chloride in the Ether Separation,” by R. J. Wysor, Chemist, 
Carnegie Steel Co. “The Analysis of Explosives,” by Dr. Walter O. 
Snelling, U. S. Geol. Survey. John A. Schaeffer, Secretary. 

SECTION OP EASTERN NEW YORK. 

The October meeting was held at Schenectady on Friday, October 15, 
1909, at 8 p.m., in the parlors of the New Vendome Hotel. Dr. M. A. 
Hunter spoke on the subject “The Natural Resources of New Zealand,” 
relating some observations of his recent trip to the Southern Pacific. 

The December meeting was held at the Rensselaer Polytechnic Institute, 
Troy, on Friday evening, December 17, 1909, at, 8 o’clock. Dr. A. T. 
Lincoln gave k paper on “The Hydrate Theory of Solutions.” 

The Troy ladies served refreshments at the close of the program. 

The following officers were elected for 1910: President , Edward Ellery, 
Union Univ., Schenectady; Vice-President , John Hurley, Little Falls, N. Y. ; 
Secretary-Treasurer , R. C. Robinson, Res. Lab., G. E. Co.; Councilor, 
M. A. Hunter, R. P. I., Troy Advisory Committee , A. T. Lincoln, R. P. I., 



45 


Troy; W. R. Whitney, Schenectady; F. C. Zapf, 335 McClellan St., Sche- 
nectady. p c £apf, Retiring Secretary, 


The January meeting was held in the Chemical Lecture Room of Union 
College, on Friday evening, January 7th, at 8 o'clock. 

Dr. C. F. Hale, of the Research Laboratory of the General Electric Co., 
gave a paper on “Recent Advances in the Liquefaction of Gases," illus- 
trated with lantern slides and experiments. 

Business meeting and refreshments followed. R . c> RoBINSON) secretary. 


WISCONSIN SECTION. 

At the annual meeting of the Section held Decembers, 1909, the follow- 
ing officers were elected for the year 1910: Chairman , E. B. Hart; Vice- 
Chairman, Richard Fischer; Councilor , H. C. Bradley; Secretary , E. V. 
McCollum; Treasurer , W, F. Koelker. 

Francis C. Krauskopf, Retiring Secretary. 

The January meeting was held at Madison on Wednesday, January 12th, 
at 8 p.m. in the Chemistry Building Professor W. F. Koelker presented 
a paper on “The Utilization of the Amino Acids and Polypeptids by the 
Tubercle Bacillus." 

Following the paper there was an informal discussion of the Boston 
Meeting of the Chemical Society by Professors Kahlenberg, Bradley and 
Loevenhart. R v. McCollum. Secretary. 

INDIANA SECTION. 

The Section met Friday evening, December 10, 1909, at 7.15 o'clock, 
at the office of the State Food and Drug Laboratory. The following 
papers were read: “Concerning the Decomposition of Uric Acid by 
Enzymes," Clarence E. May; “Boiler Water in Railway Service," J. R. 
Francis; “Scientific Treatment of the Problem of Cutting a Brilliant of 
Any Transparent Material," F. B. Wade; “Morphine Determinations," 

A. D. Thorburn. A 0 ThORBURN, Secretary. 

IOWA SECTION. 

The December meeting was held in Iowa City on December 11, 1909. 
The forenoon was given over to the reading of papers and discussions. 
After a dinner at the Burkeley Imperial, the meeting adjourned to in- 
spect the plant for the electrolytic bleaching of flour recently installed in 
a local flour mill. The following papers were presented: “ The Estimation 
of Cobalt and Arsenic in Smaltite," Nicholas Knight. “Nitrogenous 
Excretion," Miss Stella Hartzell. “ Metallic Tellurites," Edward Wolesen- 
sky. “Delicate Tests for Cobalt in the Presence of Nickel and Iron," 
J. Karslake. “Colloidal Solutions," J. N. Pearce. “Bleaching of 
Flour," E. W. Rockwood. 


J. Nrwtow Pbarcr, Secretary, 
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ST. LOUIS SECTION. 

The regular monthly meeting was held on Monday evening, December 
13th, at the Academy of Science Building. The following were elected 
officers for the year 1910: President , Prof. Edward H. Keiser; Vice- 
President , Dr. Charles E. Caspari; Secretary , Mr. R. Norris Shreve; Treas- 
urer , Dr. Samuel H. Baer; Councilor , Mr. H. E. Wiedemann. 

Mr. H. E. Wiedemann read a paper on “The Relation of Chemistry and 
Chemical Engineering to the Conservation of Our Natural Resources.” 

LeRoy McMastbr, Retiring Secretary, 

The St. Louis Section met in conjunction with the St. Louis Chemical 
Society on January 10th. Messrs Alfred L. Kammerer and E. B. Fulks 
read a paper on “Timber Preservation.” This paper, in the nature of 
a review of the work done by the railroads on this subject, was well illus- 
trated by lantern slides. Mr. H. E. Wiedemann gave a r6sum6 of the 
Boston meeting of the general society. 

R. Norris Shrevk, Secretary, 

LOUISIANA SECTION. 

The thirty-sixth regular meeting was held on Friday evening, December 
17th, in the Director’s Room of the New Orleans Board of Trade. Presi- 
dent F. C. Johnson presided. Dr. J. C. Mims presented a paper on “ Waste 
Products.” The usual discussion followed the reading of £he paper and 
brought out some very interesting facts in regard to local trade problems. 

W. L. Howbu, Stcrttarjr. 

NEW YORK SECTION. 

The third regular, meeting of the Session of 1909-’ 10 was held at the 
Chemists’ Club, on Friday evening, December 17th. The following 
members were elected Councilors for the ensuing year: Morris Loeb, 
E. G. Love, Geo. C. Stone, L. H. Baekeland, T. J. Parker, W. D. Horne, 
Chas. Baskerville. The papers read were as follows: “Analyses of Some 
Antique Bronzes,” Morris Loeb and L. R. Morey. “The Action of Ra- 
dium Salts upon Ruby,” Chas. Baskerville. “Apparatus for Drying 
Flasks,” Chas. Baskerville and Reston Stevenson. 

The fourth regular meeting of the Session of 1909*-’ 10 was held at the 
Chemists’ Club on January 7th. The program was as follows: “The 
Origin of the Chemical Elements,” Henry B. Russell. “Chemical Exami- 
nation of Watermelon Seed,” and “Chemical Examination of Pumpkin 
Seed,” F. B. Power and A. H. Salway. , “Further Researches in the 
Quinazoline Field,” C. G. Amend and M. T. Bogert. c u JOYCB &cwten ,. 

UNIVERSITY OF ILLINOIS SECTION. 

The regular December meeting was held at the Chemistry Building, 
December 21, 1909. The following papers were presented: "The Heat 
of Solutions of Metals in Acids,” Dr. L. L. Burgess. “The Effect of 
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External Conditions upon the Physiological Activities of Some De-nitrify- 
ing Organisms.” Dr. J. H. Petit. L . H . smith. 


SYRACUSE SECTION. 


The 54th regular meeting was held Friday evening, December 17th, 
at 8 p.m., in the Lecture Room of the Y. M. C. A. 

The papers presented were as follows: “ Invertase," by C. S. Hudson, 
Washington, D. C. “Some New Electrochemical Processes/' by E. H. 
Archibald. “An Electric Gas Meter/' by E. C. Scott. “Report of the 
Recent Convention of Chemical Engineers," by W. M. Booth. 

The fifty-fifth regular meeting was held Friday evening, January 7, 
1910, at 8 p.m. in Bowne Ilall, Syracuse University. Professor Julius 
Stieglitz, from the University of Chicago, delivered an experimental 
lecture on “The Electrical Theory of Oxidation and Reduction." 

An informal dinner was served at Sims Hall, Friday at 6.30 p.m., just 


preceding the lecture. 


Wm, H. Me r, auchl an, Secretary. 


CINCINNATI SECTION. 

At the December meeting of our Section Mr. Jerome K. Alexander, 
of New York City, addressed the members on the Ultra-microscope and 
demonstrated its use. 

The 156th meeting of the Section was held on Wednesday evening, 
January 12th, at 8 o’clock, in the Chemical Lecture Room of the Ohio 
Mechanics Institute. An address entitled “Chemical Theories" was 
delivered by Mr. Joseph Ellms. 

Reports of the Boston Meeting were made by Prof. H. S. Fry, Dr. E. 
Reemelin and Dr. Alfred Springer. Alfred Smith, Recording Secretary. 


WASHINGTON SECTION. 

The 195th meeting was held Thursday, January 13, 1910, at 8 p.m., in 
the Chemical Lecture Room of George Washington University. The 
following program was presented: “Nitrification in Soils," K. F. Keller- 
man, E. R. Allen and I. G. McBeth (B. P. I.). “Availability of Iodo- 
phenin in the Separation of Acetanilid and Acetphenetidin," W. O. 
Emery (Bur. Chem.). “Translocation of Plant Food during Germination 
of Wheat," J. F. Breazeale (Bur. Chem.). L A . Secretary. 


DECEASED MEMBERS. 

John D. Billings, Syracuse, N. Y. 

Charles B. Dudley, December 21, 1909, Altoona, Pa. 
Ottokar Hofmann, December 24, 1909, Kansas City, Mo. 
W. A. Syme, Raleigh, No. Car. 
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Charles Benjamin Dudley. 

In the death of Dr. Charles B. Dudley, which occurred on December 21 , 
1909, at his home at Altoona, Pa., the result of a brief and unusually 
severe attack of pneumonia, the American Chemical Society has lost one 
of its most valued members, whether measured by the duration of his 
connection with the Society, the wisdom and helpfulness of his counsel, 
or his loyalty to its interests ; chemical science has lost one of its most 
able exponents; and the country a most patriotic and useful citizen. 

Dr. Dudley was the son of Daniel and Miranda Bemis Dudley, both 
of New England origin, and was born at Oxford, N. Y., July 14, 1842. 
His boyhood appears to have been such as was then typical of the intelli- 
gent country lad and was made up mainly of attendance upon the local 
school and academy, and work upon the farm, with such recreations as 
village life afforded. He found in this experience incentive for further 
study, and had commenced his preparation for college when the Civil 
War broke out, and he determined to enlist in the One Hundred and 
Fourteenth Regiment of New York Volunteers in 1862. During the period 
of his enlistment he took part in seven battles and was severely wounded 
in the leg on September 19, 1864 at Opequan Creek, which resulted in a 
permanent lameness. During his military service he devoted a portion 
of his time to study, and on his return to his home in 1865, lie renewed 
his preparation for college at Oxford Academy and Collegiate Institute, 
subsequently entering and graduating from Yale College with the degree 
of A. B. in 1871. A year of work upon a newspaper at New Haven w r as 
followed by two years of study along chemical lines at the Sheffield Scien- 
tific School, and the award of the degree of doctor of philosophy in 1874, 
and this, in turn, by a year as assistant to Professor George F. Barker 
in the department of physics of the University of Pennsylvania. A 
prospective period of service as teacher of science at Riverview Military 
Academy, Poughkeepsie, N. Y., was interrupted at the end of a month 
by his acceptance, November 10, 1875, of the position of chemist for the 
Pennsylvania Railroad Company at Altoona, Pa., a position which (with 
the title changed to that of chief chemist) he held at the time of his death. 
He was married on April 17, 1906, to Mary V. Crawford, who survives 
him. 

Dr. Dudley was a charter member of the American Chemical Society, 
for many years a member of its Council and Board of Directors, and 
President of the Society from 1896 to 1898. He had been President of 
the American Society for Testing Materials since 1902 and at the time 
of his death was also President of the International Association for Testing 
Materials. He was also President of the Bureau for Safe Transportation 
of Explosives <4 the American Railway Association, and a member of a 
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large number of the national societies, including those of civil, mining, 
mechanical, electrical and sanitary engineering, as well as the Washington 
Academy of Science, The American Historical Society, The American 
Philosophical Society, and the Iron and Steel Institute of Great Britain, 
and other foreign societies. His club membership included the Union 
League of Philadelphia, The Cosmos Club of Washington, The Chemists’ 
Club and the Engineers’ Club of New York. 

The mere outline of Dr. Dudley’s life and affiliations is itself an index 
of the catholicity of his interests and the wide range of his activities. 
During the thirty-four years of his service as chemist of the Pennsylvania 
Railroad Company he was instrumental in building up their system of 
tests from its beginning in 1875, when a few hundred dollars’ worth of 
material only was reported upon, to the present elaborate and efficient 
system of purchase under specification and the series of testing labora- 
tories, not only in chemistry but in allied sciences, which either came under 
his supervision or for which his advice was often sought. These labora- 
tories now pass upon nearly as many million dollars’ worth each year as 
hundreds of dollars’ worth in 1876. The influence of this work upon the 
interests and welfare of The Pennsylvania Railroad itself, great as it has 
been, is but a part of the results of Dr. Dudley’s life work; for, from 
this work may be said to have grown the previously unknown but new 
general practice of formulation of specifications for the purchase and 
testing of materials, which has been of such incalculable benefit to com- 
mercial interests of all kinds. Dr. Dudley’s commanding influence was 
attained in part through his publication of carefully developed analyt- 
ical procedures in the scientific journals and in the specifications of 
the Railroad Company; in part, through recognition of his exhaus- 
tive and painstaking study of structural materials, notably irons and 
steels, with reference to durability and possible improvements, the re- 
sults of which nearly revolutionized railroad construction;' but probably 
mainly through his strong, sane addresses delivered before various scien- 
tific organizations, and particularly' through his services as president of 
the American Society for Testing Materials. No one who has heard 
his noteworthy presidential addresses could doubt that the success of 
that Society has been very largely due to the energy and enthusiasm 
which he devoted to it. His election to the presidency of the Inter- 
national Association was a deserved tribute to his efficient service. In 
considering his successes one should, moreover, not lose sight of the in- 
fluence of his character, which combined the mind of the thoughtful, 
careful student, with sound judgment in practical affairs, and a remark- 
ably keen sense of equity, all these traits being further combined with a 
uniform good nature which went far to enable Dr. Dudley to brifig men 
of initially widely divergent opinions to a common understanding. 
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Dr. Dudley’s life was unique in its breadth scientific experiences 
and in the variety of questions upon which it was necessary to express 
an intelligent opinion and of problems for which a solution was demanded. 
His pioneer work on irons and steels, which gave him a position of au- 
thority with both manufacturers and consumers, and his extended con- 
tributions to chemical analysis referred to above are two of the important 
phases of his scientific achievements. His study of the chemistry and 
physics of the bronzes and bearing metals resulted more or less directly 
in the modification of the construction of journals, with a marked increase 
of bearing surface, which was doubtless a factor in the development 
of the present high-capacity freight car and probably of other modern 
forms of rolling stock as well. A careful study of the ventilation of pas- 
senger cars, and the ventilation and disinfection of sleeping cars was made 
under his direction. His widely recognized standing as an authority upon 
matters relating to the transportation of explosives and other hazardous 
materials was the outcome of many years oi study and experimentation 
which he himself regarded as a most important part of his scientific work, 
and his advice regarding these matters was constantly sought. 

These are but a very few of the lines along which he thought and worked, 
which come readily to mind. Of the almost countless individual problems 
which he met, and often solved, no one could write save Dr. Dudley him- 
self, and it is indeed unfortunate that the exigencies of*his„busy life pre- 
vented him from carrying out his expressed intention to give permanent 
form to a record of activities which would have possessed much more than 
ordinary interest and value. But Dr. Dudley was a tireless worker, and 
was so often called upon to assume new responsibilities that it would 
not be strange if the load had become heavier than even he could properly 
hope to carry. He always, however, gave freely of his time, energy, and 
counsel to worthy causes. His services to this Society are a token of this, 
and these will be gratefully recalled by many members, especially those 
familiar with the stressful days of the earlier years of the Society’s ex- 
istence. 

His interest in his fellow men is also conspicuously demonstrated in 
his work for the Altoona Mechanics’ Library, which is largely the product 
of his efforts. 

Dr. Dudley’s name will stand among American chemists as an example 
of the scholarly, broad-minded, tireless worker, modest yet courageous 
and tactful, who contributed to applied chemistry in its largest sense and 
in a measure which it is yet impossible to estimate. His friends will 
retain many memories of delightful companionship, quick sympathy 
with joy or sorrow, helpful counsel in perplexity, and unselfish service 
in time of need. 


H, p. Talbot. 
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Proceedings. 

COUNCIL. 

Ex President Whitney, according to the vote at the Boston meeting, 
has after consultation with the Executive Committee of the Division of 
Agricultural and Food Chemistry, appointed H. J. Wheeler, Chairman, 
J. H. Long, Wm. McPherson, IJ. C Sherman, F. T. Shutt, Alfred Springer, 
A. L. Win ton and L. L. Van Slyke a committee to consider the question 
of the publication of a Journal of Agricultural and Food Chemistry. 

President Bancroft has appointed O. C. Stone and II. P. Talbot mem* 
bers of the Committee on Standard Methods of Analysis, of which W. F. 
Hillebrand is Chairman. Charles L. Parsons, Secretary. 

MEMBERS ELECTED BETWEEN JANUARY 1 5 Til AND FEBRUARY 15TH. 

Abbott, Wm. G., Jr., 54 Park St., Lynn, Mass. 

Ackermann, Franz W., 17 Battery Place, New York City. 

Ageton, Charles N., Pullman, Wash. 

Atkinson, H. V., 55 West 9U1 Ave , Columbus, Ohio. 

Bache-Wug, Carl, Berlin, N IT. 

Baird, R. O., Agric Jixper. Station, Stillwater, Okla. 

BalhR*, Jos£, Box 935, Habana, Cuba. 

Baker, J. A., Indianola, Iowa. 

Barston, James M., Jr., 221 South 6th v St., Council Bluffs, Iowa, 
Batchelder, L. H , <877 Snclling Ave., St. Paul, Minn. 

Beeklcy, Waldron C , 169 Benton St., Hartford, Conn. 

Bishop, Karl S., Experiment Station, Lincoln, Nebr. 

Blackmer, Fred. L., 32 Orchard St., Jamaica Plain, Boston, Mass. 
Bose, Pavitra K., 912 Nevada St., Urbana, 111 . 

Bradw'ay, M. R. P., 814 K. Genesse St., Syracuse, N. Y. 

Brant, Paul, 5812 Wabash Ave., Chicago, 111 . 

Broderson, H. J., Lawrence, Kans. 

Brodie, R. K., Corvallis, Oregon. 

Brown, David, c/o David Brown & Son, Ltd., Donaghmore, Grt. 
Britain. 

Buckie, Robert H., 19 N. Main St., Mechanicsville, N. Y. 

Burdick, Charles F., 1156 23rd St., Des Moines, Iowa. 

Burpee, Albert B., Box 316, Orono, Maine. 

Butler, Edward C., 85 Tompkins St., Cortland. N. Y. 

Butler, Thomas H., c/o Wm. Butler & Co., Ltd., Crew^s Hole, Bristol, 
Eng. 

Cade, Overton, Jr., Youngsville P. O., La. 

Camp, Arthur D., 93 Broad St., Boston, Mass. 
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MEETINGS OF THE SECTIONS. 

[Full accounts of all meetings should be sent to Secretary Charles L. Parsons, Dur- 
ham, N. H.] 

PUGET SOUND SECTION. 

The fifth meeting of the Section was held at the Butler Hotel Annex, 
Saturday, December 4th, at 6.30 p.m. After dinner, the following pro- 
gram was enjoyed: “Some Non-Ionic Reactions/' by Dr. W. M, Dehn. 
“The Status of Powdered Coal as a Fuel," by Dwight C. Farnham. 

A. Jacobson. Seer eta > y. 

CHICAGO SECTION. 

The December meeting was held at the Kimball Cafe, on Friday eve- 
ning, December 17th. The program for the evening was “The Council 
on Pharmacy and Chemistry and the Chemical Laboratory of the Ameri- 
can Medical Association," by W. A. Puckner, Secretary, Council on 
Pharmacy and Chemistry, A. M. A. 

After the lecture the following officers were elected for 1910: T. J. 
Bryan, Chairman ; H. McCormack, Vice-Chairman ; A. Lowenstein, 
Treasurer ; A. L. Nehls, 4652 Malden St., Secretary ; W. R. Smith, William 
Brady, J. Stieglitz, Councilors ; additional member executive committee, 

I. M. Bregowski. # 

The January meeting was held January 28th, at the Kimball Cafe. 
The usual dinner preceded the meeting. 

Mr. Converse, the retiring chairman, offered to present a medal for the 
best paper delivered before the Chicago Section during each year, the 
exact conditions of award and design to be left to a committee appointed 
by the Section. The committee will report at the February meeting. 

W. D. Richardson gave a paper on “The Electrolytic Theory of Cor- 
rosion and an Amendment Thereto." 

Mrs. Wm. Brady read a paper on “The Entertainment of Ladies at the 
Boston Meeting," which was one of the most enjoyable papers ever pre- 
sented before the Section. W. R. Smith reported on the Boston meet- 

A. I.. Njbhls, Secretary . 

NORTH CAROLINA SECTION. 

The midwinter meeting of the Section was held Friday, January 14th* 
at 8 p.m., in the Agricultural Building at Raleigh. 

Officers for 1910 were elected as follows: President , W. M. Allen; Vice- 
President , Daisy B. Allen; Secretary-Treasurer , B. J. Ray; Councilor , 

J. E. Mills; Reporters , Manlius Orr, Duncan MacRae. 

The following program was presented: “Chemistry of Commercial 
Feeds," by G. M. MacNider. “The Determination of Flaxseed Products 
by the Specific Gravity Method," by C. H. Herty and E. J. Newell. 
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“Caffeine in Our Beverages,” by E. V. Howell. “A Comparison of the 
Foster, the Tagliabue and the New York Board of Health Oil Testers,” 
by Manlius Orr. “Application of Physical Chemistry to the Study of the 
Oleo-Resins,” by C. II. Herty. “Bromination of Anthranilic Acid,” by 
A. S. Wheeler and W. M. Oates. “Nature of Attractive Forces,” by 
J. E. Mills. “The Delicacy of the Diphenylamine Test for Nitrates and 
Nitrites,” by W. A. Withers and B. J. Ray. Account of the Boston 
meeting was given by J. E. Mills. Bdrtom , Ra „ s , cretary . 


CORNELL SECTION. 

The 58th regular meeting of the Section was held in Morse Hall, Cornell 
Univ., Friday, January 14, 1910. 

The program presented was as follows: “Further Contributions to the 
Chemistry of the Phenolsulphonic Acid Method for Nitrates,” by D. S. 
Pratt. “Ammonolysis of Hydrazine Sulphate,” by T. W. B. Welsh. 
“Electrolytic Corrosion of Some Metals,” by G. R. White. “The In- 
fluence of the Basicity of the Soil and of the Growth of Legumes on the 
Availability of Soil Nitrogen,” by Dr. T. L. Lyon. “Report of the 
Boston Meeting,” by Prof. A. W. Browne. h. w. cuxett, 


KANSAS CITY SECTION. 

The January meeting of the Section was held at the Y. M. C. A. Build- 
ing, Tenth and Oak St., Kansas City, Saturday evening, January 15th, 
at 5 o'clock. 

The program began with a paper by Mr. Rudolph Hirsch, on the “Food 
Law and the Jobber.” After dinner Prof. H. Louis Jackson read a paper 
on the “Food Law and the State,” followed by a discussion by A. V. H. 
Mory and Messrs. Bailey, Willard, Sayre and Crumbine. 

E A. White, Secretary . 


UNIVERSITY OF ILLINOIS SECTION. 

The regular meeting of the Section was held January 1 8th at the Chem- 
istry Building, Urbana, Illinois. 

The following topics were presented: “Atomic Weight of Phosphorus,” 
by Dr. Grinnell Jones. “Adiabatic Determination of Heat of Com- 
bustion,” by Dr. R. H. Jesse, Jr. 

The February meeting was held Tuesday, February 15th, at 7.30 
o'clock, at the Chemistry Building. The following topics were presented : 
“The Atomic Weight of Tantalum,” by Dr. C. W. Balke. “A Measure 
of Thermodynamic Positivity and Negativity,” by C. G. Derick. 

L. H. Smith, Stcreta~y. 


PITTSBURG SECTION. 

The regular meeting of the Section was held in the new Engineering 
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Building of the University of Pittsburg, on Thursday evening, January 
20th. 

The program of the evening was: The Boston Meeting — Brief reports 
on its most interesting features by Messrs. Porter, Handy, Mason, Phillips, 
Clement, Allen and Chamberlain. “The Manufacture and Analysis of 
Smokeless Powder” — Mr. C. G. Storm. 

The February meeting was held in the assembly room of the Carnegie 
Technical Schools, on Thursday evening, February 17th. 

The following address was given: “Results of Laboratory and Field 
Inspection of Various Painting Tests,” by Henry A. Gardner, Director of 
the Scientific Section, Paint Manufacturers’ Association of the United 

States. John A Schaeffer, Secretary. 

PHILADELPHIA SECTION. 

The regular meeting of the Section was held at the Engineers’ Club, 
Philadelphia, Thursday evening, January 20th. 

The following program was presented : 

Report of the Councilors who attended the Boston meeting of the 
American Chemical Society. 

Papers: “The Cause of Color in Plants,” by Henrv Krajemer. “The 
Extraction of Gold from Sea Water,” by Arthur W. Comey. “Is There 
Caramelization in Riva’s Test?” by D. W. Horn, 

The February meeting was held at the Engineers’ Club, Thursday 
evening, February 17th. 

Two papers were presented as follows: “The Application of the Jet 
in Chemical Processes,” by Dr. Oskar Nagel. “The Chemistry of the 
Tariff of 1909,” by C. C. Roberts. The usual informal dinner was served 
before the meetings. F no™*, Aw«n'. 


RHODE ISLAND SECTION. 

The regular meeting of the Section was held January 20th, at the 
University Club, Providence, and was preceded by the usual informal 
dinner. 

The paper for the evening was by Dr. John E. Bucher, of Brown Univer- 
sity, on “The Structure of Retcne and Its Relation to Some Natural 
Resins.” Dr. Bucher showed conclusively that the correct structure of 
retene is 8-methyl-2~isopropylphenanthrene and not the formula ordi- 
narily published in the literature. albkhtw claf Secretory. 


LOUISIANA SECTION. 

The thirty-seventh regular meeting of the Section was held January 
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21st. A very interesting paper was read by L. A. Becnel on “The Causes 
of Variations in Sugar House Results.” 

The following officers were elected to serve for the ensuing year: 

President , Df. Philip Asher; Vice-President, Mr. L. A. Becnel ; Secretary- 
Treasurer, Mr. George B. Taylor; Councilor , Dr. C. E. Coates; Executive 
Committee , Dr. B. P. Caldwell, Mr. F. C. Johnson, Mr. H. Z. E. Perkins. 

George B. Taylor, Secretary. 

NORTHEASTERN SECTION. 

The ninety-sixth regular meeting of the Section was held on January 
2 ist, at the Twentieth Century Club, Boston. It was voted that alternate 
bi-monthly meetings be held jointly with the New England Section of the 
Society of Chemical Industry. 

Professor Louis Derr, of the Massachusetts Institute of Technology, 
presented a paper entitled “Color Photography at the Present Time.” 
The lecture was profusely illustrated with very beautiful and striking 
examples of color photography, including some most remarkable results 
with brilliant micro-photographs. K Mark , secretary. 


UNIVERSITY OF MISSOURI SECTION. 

The sixth regular meeting of the Section was held on Friday evening, 
January 21st. Mr. C. K. Francis delivered the paper of the evening on 
the “Glycogen Content of Beef Flesh.” Mr. E. A. Perkins gave a short 
note describing an “Apparatus for Measuring the Comparative Idardness 
of Fat or Similar Substances.” c. Robert moot.™. 

MILWAUKEE SECTION. 

The regular meeting of the vSection was held at Milwaukee Public 
Museum, Friday evening, January 28th. 

Two papers was presented as follows: “Iron and Steel,” by R. S. 
MacPherran, Chemist, Allis-Chalmers Co. “Lead Smelting,” by B. L. 
Salomon, Asst. Chemist, C. M. & St. P. Ry. H M . SopER , sectary. 


CALIFORNIA SECTION. 

The forty-ninth regular meeting of the Section was held on Saturday 
evening, January 29U1, in the College Room of the Bismarck Caf6, San 
Francisco. 

Dr. E. C. Franklin presented a paper on “The Bearing of Recent Work 
in Radioactivity on the Atomic Theory.” charges ash, secretary . 


LOUISVILLE SECTION. 

The February meeting of the Section was held at the Seelbach Hotel 
on the 7 th at 8 p.m. The regular program was changed somewhat by 
having four short discussions instead of one paper. Much interest was 
taken by those present. 
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The following subjects were presented: 14 Reducing Oils for Paints,” 
by R. C. Lord. “The Detection of Alumina in Water,” by W. H. Love- 
joy. “The Purchase of Coal on the B. T. U. Basis,” by A. M. Breckler. 
‘'Gravimetric Determination of Reducing Sugars,” by F. F. Hasbrouck. 
The usual lunch followed in the Rathskellar. F F Hasbr0 uck, Secretary. 

CINCINNATI SECTION. 

The 157th meeting of the Section was held on Wednesday evening, 
February 9th, in the Ohio Mechanics Institute. 

Two addresses were presented: “The Interpretation and Value of 
Physical and Chemical Tests in the Control of Water Purification Plants,” 
by Mr. Clarence Bahlmann. “The Biological Features of Water Puri- 
fication at Cincinnati, Ohio,” by Mr. L. G. Gedesche. 

Ai.fkkd Smith, Recording Secretary. 

WASHINGTON SECTION. 

The one hundred ninety-sixth meeting, on Thursday, February 10th, 8 
p.m., was held at the Public Library Lecture Hall. 

The following program was presented : “Solubility of Gold in Nitric 
Acid,” by F. P. Dewey. “The Detection of the Deterioration of Corn 
with Special Reference to Pellagra,” by C. L. Alsberg and O. F. Black 
(B. P. I.) 

Presentation of Notes, Exhibition of Apparatus, etc. # 4 

J. A. I.kClkrc, Secretary . 

WISCONSIN SECTION. 

The regular meeting of the Section was held at Madison on Thursday* 
February 10th, at 8 p.m., in the Chemistry Building. 

Professor J. L. Sammis presented a paper on “The Separation of Curd 
from Butter Milk,” and Dr. S. M. Babcock presented a paper on “The 
Importance of Metabolic Water in the Development of Living Organisms.” 

K. V McCollum, Secretary. 

NEW YORK SECTION. 

The fifth regular meeting of the Session of 1909-T0 was held at the 
Chemists' Club on Friday, February nth. 

The following papers were presented: “Nucleic Acids,” by P. A. Levene. 
“Determination of Sodium Chloride in Milk,” by Paul Poetschke. “Some 
Colloid-chemical Aspects of Digestion, with Ultra-microscopic Observa- 
tions,” Jerome Alexander. “The Fate of Amino Acids in the Organism,” 
by Graham Lusk. * c M j 0YCE> Secretary . 

SYRACUSE SECTION. 

The fifty-sixth meeting was held as a smoker on Friday, February 
nth, 8 p.m. 

The following program was presented: “The Chemist and the Com- 
munity,” by A. D. Little, reviewed by M. R. Bradway. “The Con- 
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ference of the Sections,” by President H. C. Cooper. “The Chemist’s 
Place in Industry,” by A. D. Little, read by Myron Allen. 

Vx. H. McI.auchlan, Secretary. 

SECTION OF EASTERN NEW YORK. 

The February meeting was held in the Union College Chapel, Schenec- 
tady, on Friday evening, February 18th. 

The following paper illustrated by lantern slides was presented: 
“Modem Bacterial Methods of Sewage Treatment,” by Prof. L. P. Kinni- 

R. C. Robinson, Secretary. 

MINNESOTA LOCAL SECTION. 

The regular meeting of the Section was held Friday evening, January 
14th, at 8 p.m., in the Chemical Laboratory of the University. An im- 
portant business meeting to formulate plans for the entertainment of 
the National Society at its next winter meeting in Minneapolis was followed 
by a report on meetings of the Council, and of the Industrial and Organic 
Divisions at Boston, by G. B. Frankforter, and a report on the Inorganic 
and Physical Division and the Vice-Presidential address by W. H. Hunter. 

. Francis C. Frart, Secretary. 


DECEASED MEMBER. 
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Dr. August G. Seher, no Montclair Ave., Newark, N. J., died October 
1909. 

Charles Benjamin Dudley. 


Obiit December 21, 1909. 
Well have you done the labors of a life 
Of service for your country and for God, 

Whether the paths of flaming fields you trod 

In battle for the Nation rent with strife 

Where cannon's thunder smothered drum and fife. 

Or following the plow across the sod, 

Or tarrying where sons of science plod — 

A fount of cheer for comrade, friend and wife. 

The ripple of your laugh, the clear sweet light 
Of those dear eyes forever closed to earth 
Shall glad and guide me as I near the night 
Now closing on my day of deeds and mirth, 

Its glowing glory waxing ever bright 
In th’unfathom'd shadows of the second birth. 

Harvey W. Wiley. 
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San Francisco Meeting. 

The Forty-second General Meeting of the American Chemical Society 
will be held in San Francisco, California, July 12 to 15, 1910. 

The California Section is planning to make this meeting one of the 
most enjoyable ever held, and it is hoped that a large delegation from the 
East will attend. We shall have advantage of the lowest* convention 
rate ever given, viz. , $62.50 from Chicago and return, with return ticket 
good until October 31st and departure between July 3rd and 8th. A 
choice of routes will be allowed coming home with $15.00 additional if 
the Northern Route via Portland, Oregon, is chosen. Special rates from 
the East to Chicago are also expected. 

A cordial invitation has been received from the Puget Sound Section 
for the members to stop at Seattle as the guests of that Section either 
going to or coming from the San Francisco Meeting. It is hoped that 
some arrangement to accomplish this can be made. 

A special train from Chicago is offered if one hundred tickets are 
guaranteed in advance. This train will have all the features of the 
highest class service of the Western roads. Arrangements will be made 
for stop-overs and sight-seeing en route. If the Southern route is chosen, 
stops may be made at Colorado Springs, Grand Canon, one* of the Indian 
Pueblos, etc. If the train goes via Salt Lake City, arrangements may be 
made to visit the large smelters near-by. 

Members are urged, to communicate with the Secretary at oilce in regard to 
their choice of route, and their intention to be present so that plans may be 
formulated to please all. We feel practically sure of the special train in 
which all can go together and enjoy one of the finest outings of our lives. 
To insure its success, however, it is essential that you do your part by in- 
forming me at the earliest possible moment of your intention to be with us. 

Every comfort will be provided for ladies. Reservations for the special 
train will be given precedence in the order of their receipt. 

Charles L. Parsons, Secretary. 
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COUNCIL. 

Members Elected between February 15TH and March 15TH. 
Almy, Charles, Jr., 147 Brattle St., Cambridge, Mass. 

Andrews, Arthur B., 32 High St., Auburn, Maine. 

Anthony, Stephen, College of Agriculture, St. Anthony Park, Minn. 
Baker, R. E., 611 E. Franklin Ave., Minneapolis, Minn. 

Barr, Richard S., Mansfield, Ohio. 

Bashore, E. G., care of Babcock & Wilcox Co., Bayonne, N. J. 

Bates, John S., Hartley Hall, Columbia Univ., New York City. 
Berndt, Albert C., 532 Sims Hall, Syracuse, N. Y. 

Blackie, Archibald, 223 James St., Winnipeg, Canada. 

Boyle, Jas. J., Box 293, Ambridge, Penna. 

Brooks, William Conrad, 540 Lincoln St., Bloomington, Ind. 
Buchan, Dean W., 257 Byron St., Palo Alto, Calif. 

Cameron, Jasper, 2025 Iowa St., Chicago, 111 . 

Caskey, Gardner L., care of Navy Dept., Washington, D. C. 

Clayton, Robert K., Hanover, Mass. 

Corson, Harry P., Durham, New Hampshire. 

Edgar, Arthur, 8 St. James Ave , Boston, Mass. 

Emery, Albert G., 49 Fen wood Road, Roxbury, Mass. 

Faben, Charles R., care of Washington (»as Co., Washington, D. C. 
Fegley, John T., 1602 St. Paul St., Baltimore, Md. 

Ferriz, Abraham, Dinamita, Durango, Mexico. 

Forster, K. L. S., 359 Cooper St., Ottawa, Canada. 

Goodwin, J. G., Girard College, Philadelphia, Penna. 

Graben, Howard T., 727 E. Congress St., Detroit, Mich. 

Graham, II. C., Provincial Lab'y, Edmonton, Alberta, Canada. 
Gunning, I). T., 1620 Manhattan Building, Chicago, 111 . 

Haines, Drexel W., 77 Van Buren St., Freeport, 111 . 

Haskins, Howard D., 1674 E. 93d vSt., Cleveland, Ohio. 

Haynes, Elwood, Kokomo, Ind. 

Henry, Arthur G., care of Link Belt Co., Chicago, 111 . 

Hicks, John F. G., 517 So. 42d St., Philadelphia, Penna. 

Higgins, Harold L., 23 Cumberland St., Boston, Mass. 

Holmes, Roy M., 346 Michigan Ave., South Bend, Ind. 

Isham, Robert M., 409 E. 14th St,, University Place, Nebr. 

JeHkins, David E., Cement, Calif. 

Jewett, Walter K., University of Nebraska, Lincoln, Nebr. 

Keyes, Frederick G., R. I. Hall, Brown Univ., Providence, R. I. 
Kubota, Onro, The 7th High School, ICogoshima, Japan. 

Larkin, E. H., 1 09 St. George St., St. Louis, Mo. 

Lehmann, Call, Jarvis St. Collegiate, Toronto, Canada. 

Linville, Clarence P., 406 So. Allen St., State College, Penna. 

Long, B. E., care of Mercedita Sugar Co., Cabanes, Cuba. 

Martin, L. B,, 1418 W. St., Washington, D. C. 

Ctenslager, George, 92 N* Forge St., Akron, Ohio. 
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Olson, Karl E., 1710 Summit St., Kansas City, Mo. 

Osborne, Charles G., "607 Rush St., Chicago, 111 . 

Roth well, T. E-, Provincial Assay Office, Belleville, Ont., Canada. 

Rouse, B. Irving, 981 Lake Ave., Rochester, N. Y. 

Runey, Chas. F., care of Cudahy Packing Co., Kansas City, Kans. 

Scott, William C. 420 Tyler St., Sandusky, Ohio. 

Sultan, Fred W., 112 N. Second St., St. Louis, Mo. 

Thomson, Stuart, 1 State St., Schenectady, N. Y. 

Villavecchia, Vittorio, Laboratorio Chimico Centrale, Piazza Mastai, 
Rome, Italy. 

Weed, Robert C., 65 Charles Field St., Providence, R. I. 

Werner, A., Chem. Universitats Laboratorium, Zurich, Switzerland. 

Woodrow, John, 84 Harpenden Road, So. Wanstead, Essex, England. 

Yard, A. Townsend, 222 Greenwood Ave., Trenton, N. J. 

Young, J. Ulric, Tarkio, Mo. 

Zieske, Frederick 1 \, 1845 E. 93d St., Chicago, 111 . 

MEETINGS OF THE SECTIONS. 

[Full accounts of all meetings should be sent to Secretary Charles L. Parsons, Dur- 
ham, N. H.] 

UNIVERSITY OF ILLINOIS SECTION. 

The section was fortunate in securing H. S. Miner, chief chemist for 
the Welsbach Company, for a lecture on the “Application of, the Rare 
Earths to Incandescent Lighting” on Saturday, January 29th. The 
lecture was w r ell attended and received with great interest. It was illus- 
trated by use of lantern slides and other demonstrations. 

The 29th regular meeting of the Section occurred February 9th, at 
which time the following papers were presented: “The Atomic Weight 
of Tantalum,” by Dr. C. W. Balke. “A Measure of Thermodynamic 
Negativity and Positivity,” by C. G. Derick. 

The regular March meeting occurred Tuesday, March 15th, at 7.30 
o’clock at the Chemistry Building. 

The following papers were presented: “Equilibrium between Amalgam 
and Amalgam Solutions,” by Dr. Geo. McP. Smith. “The Alkylation of 
Cyanacetic Ether,” by Dr. John C. Hessler. “Opalescence and the Func- 
tion of Boron in the Glaze,” by Mr. R. T. Stull. , H SMlIH 

INDIANA SECTION. * 

The following papers were read at the meeting of the Section, Friday 
evening, January 14th, at 7.15 p.m. : ‘‘A Simple Method for Determining 
the Relative Strength of Acids and the Relative Strength of Bases," 
by W. M. Blanchard, DePauw University. ‘‘Some Problems in Iron 
Ans^ysis,” by H. A. Schwartz, Indianapolis. 

Supper preceded the meeting. 

H. S. Miner, chief chemist of the Welsbach 1 Company, addressed the 
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Section on “The Rare Earths and Their Use in Incandescent Gas Mantles/’ 
at a special meeting held Friday, January 28th, at Shortridge High School. 

The following papers were presented at the meeting of the Indiana 
Section, held at 7.30 o’clock, Friday evening, February nth, in the 
office of the State Food and Drug Laboratory: “Laboratory Notes,” 
by Hans A. Duden. “Laboratory Kinks,” by R. P. Noble. 

On Friday evening, February 18th, the Section gave a dinner at the 
Columbia Club, Indianapolis. President Stone, of Purdue University, 
was the Speaker. A D th or burn, Secretary. 

PUGET SOUND SECTION. 

The sixth regular meeting of the Section was held at the “Faculty 
Club House,” University of Washington, Saturday, February 5th, at 8 p.m. 

The paper of the evening was on “Conservation and Utilization in the 
Pacific Northwest,” by Dr. H. K. Benson. 

The following were elected officers for 1910: Chairman , M. J. Falken- 
burg; Vice-Chairman , J. K. Moore; C ouncilor , Dr. H. G. Byers; Treasurer , 
F. F. Flanders; Secretary , A. Jacobson. 

A special meeting of the Section was held at the Seattle Commercial 
Club, Thursday evening, Feb. 24th, at 6 o’clock. 

After dinner, Dr. R. B. Dole, ass’t chemist of The United States Geo- 
logical Survey, addressed the Section on the “Mineralization of Some 
American Waters.” The address was illustrated with lantern slides. 

A. Jacobson, Secretary. 

ST. LOUIS SECTION. 

The February meeting was held on Monday evening, February 14th, 
at the Academy of Science Building. 

The papers of the evening w T ere: “The Action of Magnesium upon the 
Vapors of Organic Compounds,’’ by Dr. E. II. Keiser. “The Extraction 
of Glycerine from Soap Lye,” by Mr. Clarence B. Cluff. 

R. Norris Shrkve, Secretary . 

LOUISIANA SECTION. 

The thirty-eighth regular meeting of the Section was held February 
18th. The program consisted of: “Personal Experiences in South 
African Gold and Diamond Mines,” by Thomas Lane Carter, late 
manager of the French Rand Gold Mine, Johannesburg. 

On February 13th, the Section gave a breakfast at La Renaissance des 
Chenes Verts in honor of the visiting chemists and attorneys in the Bleached 
Flour Case and other prominent persons. 

The thirty-ninth meeting was held at the Directors’ Room of the Board 
of Trade, New Orleans, La., Friday, March 18th, at 8 p.m. ^ 

The following papers were presented: “Chemical Examination of 
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Imported Merchandise/ * by W. L. Howell. ‘‘Some Notes on the Assay 
of Tincture of Nux Vomica/' by G. B. Taylor. Gjso B> Tayloe> secretary. 

KANSAS CITY SECTION. 

The February meeting of the Section was held at the new Y. M. C. A. 
Building, Kansas City, Mo., on Saturday evening, February 19th, at 
5 o'clock. 

The program began at four o’clock by a visit to the U. S. Assay Office 
and Laboratories. 

At the Y. M. C. A. Building a talk was given by Dr. Charles S. Curtis, 
U. S. Assayer, Customs Service. 

After dinner Dr. Walter M. Cross told the Section about making fer- 
tilizer from city garbage. 

The March meeting was held at the Chemistry Building, University 
of Kansas, on Saturday evening, March 12 th, at 4 o'clock. 

Prof. F. B. Dains, of Washburn College, lectured on “The History of 
the Development of the Elements." 

After dinner Mr. M. Bray ton Graff, chemist for the Procter and Gamble 
Co., spoke on “The Chemical Control of a Soap and Glycerine Factory." 

E A. WH11E .Seculaty 

CORNELL SECTION. f 

The February meeting was held Monday, February 21st, in Morse Hall, 
at 8 p.m. 

One hundred members and guests listened to the addi^ss, “Problems 
of the Gas Engineer," by Prof. C. F. Jlirshffeld. 

The March meeting was held in Morse Hall at 8 p.m., Thursday, March 
17th, with Dr. J. K. Teeple as speaker on “The Chemical Resources of 
the United States." 

Light refreshments were served as usual. „ w CatlTr> Secrtlary ,. 

RHODE ISLAND SECTION. 

The regular meeting of the Section was held at the University Club, 
Thursday evening, February 24th. 

Dinner was served at 7 o'clock. 

Mr. C. E. Swett, of Providence, R. I., then presented the paper for 
the evening on the subject “Field Notes from the Natural History of 
Silica." 

A special public meeting of the Section, open to ladies and gentlemen, 
was held in the lecture room of Rhode Island Hall, Brown University, 
on the evening of Wednesday, March 2nd, at 8 o'clock. 

* Professor Charles E. Munroe, of Washington, D. C., delivered a stere- 
opticon lecture on “The Testing of Explosives for Use in Coal Mines witjh 
special Reference to the Prevention of Mine Disasters/' 

AMJSRT W. CfrAFLltf. 
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CHICAGO SECTION. 

The February meeting was held at the Kimball Caf6, on Friday evening, 
February 25th, at 8.15 o’clock. 

The program for the evening was: 4 ‘Problems of the Linseed Oil In- 
dustry/' by Otto Eisenschiml, American Linseed Co. 

Members of the Section held the usual informal dinner before the 
meeting. 

The Section voted to accept the medal offered by Mr. Converse, and 
referred the rules for the award of the medal back to the executive com- 
mittee for further consideration and revision. A L Nkhls Secretary. 

NORTHEASTERN SECTION. 

The ninety-seventh regular meeting of the Section was held at the 
Massachusetts Institute of Technology, March 4th. 

The following addresses were made: Dr. Daniel F. Comstock, of the 
Massachusetts Institute of Technology, “Present Conception as to the 
Constitution of Matter. " Mr. M. C. Whitaker, of the Welsbach Co., 
CMoucester, N. J., “Production of Incandescent Mantles and Chemicals." 

Kknneth I* Mark, Secretary . 

WASHINGTON SECTION. 

The one hundred and ninety seventh mcetiug was held Thuisday, March 
10th, at 8 p.m. , in the Public Library Lecture Hall. 

The following program was presented: “The Construction and Equip- 
ment of a Chemical Laboratory," by W. D. Bigelow; illustrated with 
lantern slides; discussion by Chiefs of recently constructed laboratories; 
presentation of notes, exhibition of apparatus, etc. 

J. A IvEClkrc, Secretary. 

SYRACUSE SECTION. 

The fifty-seventh meeting was held with the Technology Club at their 
rooms in the Bastable Block, Friday evening, March nth. 

Dr. A. V. Bleininger, gave an illustrated address on “The Manufacture 
and Testing of Refractory Material.” WM H McLacchi . an , Sfinlary . 

SECTION OF EASTERN NEW YORK. 

The March meeting of the Section was held in the Electrical Engineer- 
ing Department of The Russell Sage Laboratory, Rensselaer Polytechnic 
Institute, Troy, on Friday evening, March 11th, at 8.15 o'clock. 

The paper of the evening was: “Wireless Telegraphy and Telephony," 
by Mr. Wynant J. Williams, The lecture was experimentally illustrated, 

R. C. Robinson, Secretary. 

NEW YORK SECTION. 

The sixth regular meeting of the session of 1909-T0 was held at the 
Chemists’ Club on March nth. 



68 


The following officers were elected for the session of i9io-’n : Chairman , 
Chas. Baskerville; Vice-Chairman, Samuel A. Tucker; Secretary and 
Treasurer , C. M. Joyce ; Executive Committee , Morris Loeb, G. W. Thompson, 
J. E. Crane and Arthur E. Hill. 

The following papers were read: '‘The Determination of Copper in 
Blister and Refined Copper,” by Wm. C. Ferguson. “Scrubbing Device 
for Vacuum System in the Laboratory,” by Chas. Baskerville. “Rack 
for Holding Reagents in Bulk,” by J. L. Sporer. “An Improved Ethylene 
Generator,” by V. L. King. “A Constant Temperature Drying Oven 
and Gas Regulator,” by H. T. Beans. “An Automatic Pipette,” by 
S. H. Beard. Description of a Modified Pettersson and Palmquist Ap- 
paratus,” by C. T. Graham Rogers. “Tests of Iron Wire for Standard- 
ization Purposes,” by C. H. Stone and C. E. Cheeseman. 

C. M. Joyce, Secretary , 

CALIFORNIA SECTION. 

The fiftieth regular meeting of the Section was held on Saturday 
evening, March 12th, at 8 o'clock. 

An address on “The Electrical Precipitation of Suspended Matter,” 
was given by Dr. F. G. Cottrell, of the University of California. 

The usual informal dinner preceded the meeting. 

CharlIs Ash, Secretary. 

CINCINNATI SECTION. 

The one hundred and fifty-eighth regular meeting took place Tuesday 
evening, March 15th, at 8 o'clock, at the Lloyd Library. 

Prof. John Uri Lloyd gave the Section a stereopticonevening concerning 
the Indians of the West, entitled “A Journey through^the Navajo and 
Moqui Indian Countries,” with stereopticon views of the Cliff Dwellers' 

Region. Alfred Smith, Secretary. 

PHILADELPHIA SECTION 

The regular meeting of the Section was held at the Engineers' Club, 
Philadelphia, Thursday evening, March 17th, at 8 o'clock. 

A paper on “The Evidence Obtained during the Past Twelve Years 
for the Solvate Theory of Solution” was given by Harry C. Jones, Prof, 
of Physical Chemistry at Johns Hopkins University. 

The usual informal dinner was served at the French Club at 6.30 p.m. 

F. E. Dodoe, Secretory. 

MINNESOTA SECTION. 

The March meeting of the Section was held on Friday evening, March 
18th, at 8 p.m. in the Chemical Laboratory of the University of Min- 
nesota. Professor Louis Kahlenberg, of the University of Wisconsin, 
addressed the Section on ‘‘The Chemical Replacement of the Metals by 

Each Other. Feakcw C, PEAKY, Secretary. 
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DECEASED MEMBERS. 

Reuben Tharp, Jr., San Lorenzo, Calif. 

Harold Rollins Wade, Bureau of Chemistry, Washington, D. C. 

Oliver Wolcott Gibbs. 

When Oliver Wolcott Gibbs died, on December 9th, 1908, American 
chemists were bereft of one of their leaders, to whom they could look, 
with affectionate respect, as a pioneer m research, and the true example 
of the tireless seeker after truth, withal an earnest patriot and a noble 
gentleman. He was xiever at the head of a great university laboratory, 
and the last twenty-five years of his life were spent in retirement from 
all academic duties; no great body of students are left to mourn the loss 
of their former teacher. He wrote compai atively few papers of general 
interest and no books; he shrank instinctively from appearing in the 
public eye, and the idea of making even an informal after-dinner speech 
was hateful to him. His austere demeanor and dignified reserve must 
have always prevented his gaining popularity with the masses, even 
if his tastes had not led him to prefer scholarly seclusion. To what, 
then, shall we ascribe the influence which he wielded in the world of 
chemistry, so that foreign as well as American institutions of learning 
delighted in showering honors upon him, and considered themselves 
fortunate if they could obtain his codperation and advice? Was it not 
because we all realized that this was a true High-Priest of knowledge, 
a guardian of the sanctuary, rather than an exploiter of its mysteries; 
one w r ho could read without an accusing pang, that beautiful distich in 
which Schiller sa\ r s of Science: 

Einem ist $ie die liohe, die himmlische Goettin, dein Amlern 
Bine tuechtige Kuli, die ihn mit Butter versorgl. 

Gibbs, a man of modest wants, was probably always possessed of such 
means that he could restrict himself to the academic side of his pro- 
fession, and his family traditions and early training would hardly have 
fitted him for business. 1 remember conversations with him about the 
successful careers of his friends, A. W. Hoffman and Joseph Wharton, 
which made it clear that he would not have attacked a technical problem 
with any degree of confidence. Perhaps, therefore, a knowledge of his 
own limitations may have assisted his natural predilections in determin- 
ing the direction of his work toward pure, one may almost say abstruse, 
science. But his contemporaries saw a man seeking truth for truth's 
sake, and they put their trust in this disinterestedness, as well as in his 
scientific acumen and experimental skill. Justly conscious of his own 
worth, be was quick to recognize what was meritorious in the work of 
others, and to applaud, without reserve, the advances along lines quite 
foreign to his own point of view, while maintaining an almost pathetic 
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veneration for his own great* masters, between whom and the present 
generation he remained one of the last links. Cant, religious, moral 
or scientific, was abhorent to him, and he could be cruelly caustic in his 
denunciation of what he deemed charlatancy or insincerity. On the 
other. hand, where he once placed his trust, he left it implicitly, and, when 
his advice and help were sought, in good faith, he gave of his best. In 
appearance, and in some respect manners, he resembled James Russell 
Lowell, to whom I believe he was distantly related. It would have taken 
considerable boldness to be flippant in his presence, and his students, 
at all periods of his life, seem to have stood in great awe of him. But 
he was dearly beloved by friends in and out of academic circles, and he 
seemed to have the power of impressing his own enthusiasm upon those 
with whom he collaborated for the public good, as well as for the ad- 
vancement of science. The Union League and Century Clubs, of New 
York City, owe their foundation largely to his efforts, just as did ‘the 
National Academy of Science in Washington ; his effectiveness as a member 
of the U. S. Sanitary Commission, during the Civil War, seemed to have 
exacted the life-long respect of all his associates. 

While, therefore, it was an inestimable gain to the Lawrence Scientific 
School to secure this master of research, one cannot help wondering 
whether the narrowness which kept him out of his owtf alpia mater, 
and forced him to leave the city of his birth, did not curtail some of his 
most useful powers. Furthermore, the policy which subsequent events 
have proven thoroughly mistaken, of reducing the' Lawrence Scientific 
School in 1871 from its status as virtually a graduate faculty of natural 
and exact science, to a shadowy existence as an appendage of Harvard 
College, deprived Prof. Gibbs of his teaching laboratory, and barred 
American students of chemistry from working under the direction of a 
guide who remained for another quarter of a century the master of in- 
organic research. In fact, during less than eight years of his entire career 
was he in a position to assign topics for independent research to students 
in his laboratory, and thus carry out those parallel tests which are the 
great resource of the modem university professor. Thus it is that the 
figure of Wolcott Gibbs, even though so recently faded from our eyes, 
towers in our memory like that of one of the early frontiersmen blazing 
out new paths in a primeval forest; like the heroes of James Fennimore 
Cooper, who seek the wilderness from love of nature, not from hatred 
of man, and who are solitary, not from a saturnine disposition, but from 
lack of followers willing to forsake easy harvests for the chances of a 
laborious chase. 

But to those, who were his immediate contemporaries, Gibbs could 
not have appeared as a recluse. In the American Jow 4 al of Science t 
he was for twen|y-two years the eloquent interpreter of the trend pi 
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chemistry to workers in other fields of science, and, similarly, the early 
volumes of the Berichte der dents chen chemischen Gesellschaft contain 
his concise but adequate reports of the achievements of American chem- 
istry. His understanding and sympathy for other branches of exact 
sciences was great, and, in fact, thermodynamics and optics received much 
of his attention: he it was, who first appreciated the work of his name- 
sake, J. Willard Gibbs, and insisted on the reward of the Rumford Medal 
for that treatise on “Equilibrium in Heterogeneous Systems/’ which became 
famous twenty years later, when Le Chatelier rediscovered it for the 
benefit of modern chemists. I could instance, from personal observation, 
other judgments rendered by him on scientific matter of less moment, 
in which the clearness of his vision and the thoroughness of his examina- 
tion proved that no accidental circumstances led him thus to anticipate 
the trend of physical thought. His contemporaries were stimulated both 
by the ideas which he freely placed at their disposal, and by the apprecia- 
tive discrimination which he exercised toward their own scientific efforts. 

Born in New York City, on February 21, 1821, as the second son of 
Col. George and of Laura Gibbs, he was named after his maternal grand- 
father, Oliver Wolcott, Secretary of the Treasury under Washington 
and Adams. His boyhood was chiefly spent on his father’s farm at 
Newtown (near what is now Astoria), L. I., and he was educated at the 
Columbia Grammar School and Columbia College, from which he received 
the degrees of A.B. in 1841 and A.M. in 1S44. He also graduated in 
medicine from the College of Physicians and Surgeons in 1845, though 
he never practiced as a physician. His taste for physics and chemistry 
developed early; he published one or two papers as an undergraduate, 
worked with Dr. Robert Rare in Philadelphia in 1842, and went abroad 
in 1845 to specialize in chemistry, under Rammelsberg and Heinrich 
Rose in Berlin, and under Laurent, Dumas and Regnault in Paris. Re- 
turning in 1848, he lectured at Delaware College and the College of Physi- 
cians and Surgeons, and was appointed Professor of Physics and Chemistry 
at the Free Academy of New York City, now the City College, but then 
practically of high school grade. Here he taught, chiefly by lectures 
and recitations, until 1863, when he was called to Harvard to fill the 
Rumford Professorship on the Application of Science to the Useful Arts, 
recently vacated by Kben Horsford. Attached to this professorship 
was the Chemical Laboratory of the Lawrence Scientific School, but 
this was consolidated with the College Laboratory in 1871, under Pro- 
fessor J. P. Cooke, and Professor Gibbs thereafter limited himself to 
courses in Physical Chemistry, continuing his chemical investigations 
with the aid of paid assistants. In 1887, he was made Professor Emeritus, 
and retired to Newport, R. I., where he had always spent his summers 
on property long in the possession of his family. Here he built a small 
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laboratory, overlooking the* beach, in which he continued to work lot 
another decade, until his waning strength warned him to desist He 
had lost his dearly loved wife, Josephine Mauran, shortly before his 
retirement from Cambridge, and he lived very quietly at Newport, at- 
tended by a devoted niece, interesting himself chiefly in horticulture 
as a pastime. He had littl$ taste for the fine arts, but was passionately 
fond of nature and a friend of all living things. I vividly remember 
his indignation, one day, when, in the course of a walk, we came across 
a contractor who was preparing to lop off from a beautiful Old tree a great 
branch that extended into a street through which he wished to move 
the villa of a summer resident. When the man refused to listen to re- 
monstrances, I was left to guard the tree, while the Doctor set off to find 
a policeman and finally routed out the Mayor of Newport, with the result 
that the house had a quarter mile more to travel and the tree was saved. 

I have already stated that Gibbs’ opportunity to teach advanced 
chemistry to students was limited to eight years: Prof. F. W. Clarke 
has given an authoritative account of his teaching at this period, in his 
beautiful lecture before the Chemical Society of London, (/. Chem. Soc. t 
95, 1299). My own experience came later, when I fortunately joined 
the very small class which attended the course in Chemical Physics to 
which he confined himself after 1871. The formal psftt $f the lesson 
was frequently dismissed in a few minutes, in which he handed out his 
full lecture notes, to be copied at home: the remainder of the hour was 
devoted to experimentation or to purely informal discussion of problems 
arising out of the general topic. I do not think that the subject was 
ever treated exhaustively, but we all felt enriched and stimulated when 
the hour was over. Unfortunately, the course was not correlated to any 
other work in the University, and I doubt whether, at any one time, 
more than a dozen undergraduates knew Professor Gibbs by sight. 

Privileged, half a dozen years later, to assist him at his private research 
laboratory, in Newport, I was able to observe more closely his methods 
of thought and work. He belonged emphatically to what might be 
termed the Berzelius type of chemist, basing his views upon an intimate 
knowledge of the reactions of a selected number of elements, .and pre- 
ferring direct deduction from qualitative or quantitative evidence to the 
experimental substantiation of a hypothesis reached by inductive specula- 
tion. His synthetic researches were chiefly carried out in test tubes, 
without overexact measurements of reacting quantities, of temperature 
or other conditions. The elaborate search for an optimum production 
of a given compound, so familiar in recent inorganic work, did not appeal 
to him and he frequently emphasized his desire to point out the directions 
in which complex compounds should be sought, leaving their careful 
study to others. Working with the simplest apparatus, almost exdu- 
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sively in aqueous solutions, he certainly produced an astonishing number 
of new compounds, whose correlations be was able to point out with 
considerable verisimilitude. Perhaps he missed a reaction here and there; 
but few of his critics have been able to state that they failed to find what 
he did, when they followed his directions closely. As an analyst, he 
enriched us with some elegant methods, which are not sufficiently em- 
phasized in text books: the determination of manganese as pyrophosphate; 
the use of mercuric oxide instead of a fixed alkali in precipitating various 
acids with mercuric nitrate improvements in the estimation of bases as 
sulphates and oxalates; the detection of cerium by means of bismuth 
tetroxide or lead peroxide; the use of luteocobalt salts to characterize 
various acids. The determination of metals by electrolysis, the operation 
of difficult fusions downward instead of upward, the use of a comparison 
tube in eudiometric measurements, were all methods first published by 
him, and many methods developed by others were due to his suggestions. 
In physics, he early remedied defects in some types of galvanic cell, now 
obsolete, and he devised improvements of considerable value in the prism 
spectroscope. 

A curious departure from his customary work was his reversion, late 
in life, to physiological chemistry, when he undertook in 1889 with H. A. 
Hare and later with K. T. Reichert the systematic study of the action 
of definitely related organic compounds upon animals. His ideal was 
the establishment of principles whereby the physiological effect of drugs 
might be enhanced or modified step by step, so as to produce gradations 
of physiological effect comparable to the shading of the spectral colors. 
The experimental work was done by his associates and did not progress 
far enough to lead to definite conclusions upon this idea. 

The name of Gibbs will, however, be chiefly associated with his three 
great researches on the cobaltammines, the platinum metals and the 
complex acids. The oxidation of cobalt in ammoniacal solutions had 
been observed by Gmelin as early as 1822; but F. A. Genth first pro- 
duced well-defined salts of an ammonia-cobalt base in 1847, publishing 
his results in 1851, in which latter year papers were published in* France 
by Claudet and by Fremv, who defined four distinct series. Gibbs dis- 
covered xanthocobalt in 1852, and thereupon associated himself with 
Professor Genth, then at the University of Pennsylvania, in a thoroughly 
systematic study, to which Gibbs seems to have contributed the greater 
portion of the experimental detail. The results were published by the 
Smithsonian Institution in December, 1856; but the second series of the 
work was presented by Gibbs alone to the American Academy of Arts 
and Sciences in 1874 and 1875. These papers are noteworthy for the 
thoroughness with which each of the many series was studied, analytically 
as well as synthetically; he not only showed that the same type of cobalt- 



ammine could persist through various combinations with different adds, 
but also proved that certain acid groups, like N 0 2 , must be frequently 
considered an integral part of the base, and that this was notably true 
of the water, considered by others mere crystal-water, which distinguished 
the composition of the roseo- from the purpureo-cobalts. His researches 
were the natural foundation/^ Werner’s theory which has gained general 
recognition during the past fifteen years. 

Analogy to cobaltammines appeared to exist in a compound obtained 
by Fremy in 1844, by the action of ammonium chloride upon potassium 
osmiate, and Gibbs proved this, in a brief note published with Genth 
in 1857, by showing that chlorine could be replaced by other negative 
radicals without altering the Os: NH 2 ratio. In his final paper, in 1881, 
he named these compounds the Osmyl-tetramine series. But he was 
deflected from the continued study of the amines of the platinum group, 
which he had evidently proposed to himself in 1858, by the interest which 
the separation and complete characterization of these metals themselves 
had excited. Working chiefly with refractory California ores, he found 
it necessary to develop new methods of attack, and his work may well 
be placed by the side of Claus, Willm and St. Clair- Deville. 

Meanwhile, the platin-amines were fully studied by other observers, 
and Gibbs rather devoted his attention to the behavior of the platinum 
group to acids. In 1877 he found that the oxides of these metals would 
unite with the tungstates, to form the salts of complex acids, analogous 
to the silico-tungstates of Marignac, and this was the starting-point 
for his great researches on the complex acids, which virtually monopolized 
the remainder of his experimental activity. Beginning with attempts 
at systematizing the straggling data on silico-tungstates, phospho- 
tungstates, etc., recorded by other observers, through the preparation 
of parallel compounds, he was led to draw one element after another into 
the complicated molecules that gather around the tungstic or prolyldic 
nucleus. With a large corps of assistants at his disposal, the work would 
have assumed gigantic dimensions: but, with a single assistant to carry 
out the most subtile quantitative separations, his theories must, perforce, 
await mathematical confirmation, and his cabinet must contain scores 
of unanalyzed compounds. I believe that he regarded the tungstic 
acids more or less as the inorganic analogues of hydrocarbons, with certain 
typical arrangements, into which other groups would enter by direct 
substitution, largely merging their own identity. Probably, the majority 
of modem investigators ascribe a more important r 61 e to these elements 
of lesser atomic mass; but viewed from the standpoint which I have in- 
dicated, the work of Gibbs will show a remarkable consistency, just as 
his experimental data will, undoubtedly, be confirmed in all essentials 
by the work of his successors. / 
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And thus the American Chemical Society may well inscribe among 
its immortals the name of an honorary member, with the words of one of 
his favorite authors: 

Wer es den Besten seiner Zeit hat gleich gethan 
Der hat gelebt fur alle Zeiten. 

Morris Loeb. 


EIGHTH INTERNATIONAL CONGRESS OF APPLIED CHEMISTRY, 

On the evening of February 3, 1910, an informal gathering took place 
at which there were present among others, most of those to whom had 
been delegated the task of providing for the creation of an organization 
for the Eighth International Congress of Applied Chemistry, by the 
London Congress last June; a representative of the Association of Manu- 
facturing Chemists, the American Chemical Society, the American Electro- 
chemical Society, the Society of Chemical Industry were each also present 
at this informal meeting. 

The consensus of opinion was that the greatest success could be ex- 
pected only if the most effective system and mode of organization could 
be had, and if each and every chemist in the United States could be made 
to feel that he himself, directly or indirectly through his professional, 
business or educational affiliations, had a personal share of responsibility 
in the conduct and management of the Congress from its very start and 
to its very end. This was regarded as the proper and correct guide in 
proposing any plans or schemes of organization. 

The Eighth Congress is to convene in 1912 with Professor Edward 
W. Morley as Honorary President and Dr. W. H. Nichols as Acting Pres- 
ident at a time and place to be determined by the Organization of this 
Congress. The most important part of the Congress, in fact that by 
which its value and real success will be measured, is the amount of orig- 
inal matter both scientific and technical, w r hich it will bejable to present 
to its members. To this end, every chemist in America who has or may 
have any original matter to present to this Congress should begin without 
delay to prepare such matter, and have it in shape so that it may be pre- 
sented to the Congress in ample time for proper printing, classification 
and distribution to members and the technical and scientific press. 

The Congress, being held in the United States, will, with a great deal 
of right, naturally look to a very good showing from the chemists 
of the United States, and every chemist in this country, which is to be 
host to our foreign colleagues, should constitute himself a committee 
of one to get from himself, or from his friends as much scientifically or 
technically valuable material as possible so that the proceedings and 
publications of the Eighth Congress may correctly reflect the true mental 
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attitude of the chemists of the United States towards their profession, 
both as a pure science and as a part of the industrial activities of this 
country. 

It is the hope that the Program Committee will be able to begin its 
activities effectively before the close of 1910, but in the meantime it 
behooves every chemist in the United States actively and energetically 
to consider how and in what way he can best contribute to the success 
of this Congress, and particularly in the direction of papers and com- 
munications to the Congress embodying the advance in this field since 
June, 1909, the date of the last Congress. 

At a meeting to be held in April or May, 1910, by those charged with 
the duty of providing suitable organization for the Eighth Congress, some 
definite action as to such organization may be looked for. Those who 
have that responsibility are making every effort to get as many sug- 
gestions as to divisions of organization, mode of organizing and member- 
ship of the organization as possible. Every one interested in having this 
organization on as broad foundation as possible is earnestly invited to 
present any suggestions that may be helpful in that direction, in writing 
by the middle of April, 1910, so that all these suggestions may be properly 
classified and collated and put in condition for most thorough considera- 
tion before the meeting above referred to actually takes place. Such 
communications may be addressed to the temporary secretary, Dr. 
B. C. Hesse, 90 William Street, New York City. , 


NEW EDITION OF GMELIN-KRAUT’S HANDBOOK. 

Professor Dr. Franz Peters, Gross-Lichterfelde I, Verl. Wilhelmstrasse 
26, writes to the Bureau of Standards that he has assumed the editorship 
of Gmelin-Kraut’s “Handbook of Chemistry,” 7th edition, since the death 
of Professor Friedheim, and is arranging for an 8th edition. In order 
to add to the value of these publications he desires to cover the American 
field fully and would therefore like to have access to original .publications 
in chemistry and physics. He expresses the wish also to receive copies 
of all dissertations, relating to inorganic chemistry, of the universities 
of the United States. This request is made public for the information 
of authors of dissertations as well as the heads of faculties of chemistry. 
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COUNCIL. 

By letter ballot sent to the Council on March 4th, the Council voted 
unanimously that the Secretary be directed to send to the treasurer of 
the committee in charge of the erection of a monument to Marcelin Berthe- 
lot the funds collected by the circulation of a subscription paper aO’the 
recent General Meeting of the Society. The amount collected from in- 
dividuals, amounting to $131.50, has been duly forwarded 

In the same communication to the Council the following statement 
and motion was put and the motion was carried with only two dissenting 
votes. 

“ Last fall the Secretary wrote to the head of the chemical department 
in each of our prominent educational institutions asking him for a list 
of his alumni engaged in chemical work. This list was then checked off 
and he was asked to send a letter to each non -member of the Society, 
the clerical work and postage being furnished by the Secretary’s office. 
As a result some three hundred new members were secured. An interest- 
ing fact developed during this correspondence, viz.: that our membership 
among the chemical alumni of the various institutions varied with the 
particular institution between ten and ninety per cent. It was also noted 
that those having the larger percentage were those who now urge their 
senior students to join us. From this fact and many others, the Secretary 
was impressed with the idea that the future of our Society, and to a lesser 
extent its present, depends on early interesting those who are to take 
our places later, for very few students who interest themselves in the 
profession at large and gain the habit of having our publications on their 
desks during their under-graduate life leave us later. 

“This matter w r as presented in the form of a motion to the Council at 
Boston and was referred by them to a committee consisting of A. A. 
Noyes, T. W. Richards and H. P. Talbot to carefully consider its ad- 
visability and legality under our Constitution and By-laws and the re- 
quirements of the Post Office Department as to subscribers. This com- 
mittee have carefully considered the matter and report unanimously 
the following motion : 

“ * Under-graduate students may become members of the Society without 
payment of membership dues during their college course, including the 
year of their graduation, by making appropriate application and by 
subscribing to one or more of the Society’s publications/ ” 

MEMBERS EJECTED BETWEEN MARCH 15TH AND APRIL, 15TII. 

Appell, Geo. M., Hotel Denechaud, New' Orleans, La. 

Atwood, Edward M., Box 484, Seymour, Conn. 

Bandt, Helmuth F., 224 Brooks St., Madison, Wis. 

Berry, Jessie V., 1155 Jackson St., Oakland, Calif. 

Bose, AmulyaC,, University of Pittsburgh, Pittsburgh, Penna. 

Bosworth, Alfred W., N. Y. Agric. Exper. Station, Geneva, N. Y. 
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Boyer, G. Hewitt, c/o Continental Portland Cement Co., Jefferson 
Barracks, Mo. 

Bracewell, Geoffrey A., 20 Heaton Grove, Bradford, England. 

Brown, Irving C., 533 Sims Hall, Syracuse Univ., Syracuse, N. Y. 
Canis, E. N., 2221 Park Ave., Indianapolis, Ind. 

Chandler, Louis C., 19th Floor, 1st Nat’l Bank Bldg., Cincinnati, Ohio. 
Chapin, Joseph E., 458 Prospect Place, Brooklyn, N. Y. 

Clapp, Albert L., 552 Washington St., Braintree, Mass, 
de Meeus, E., c/o Michelin Tire Co., Milltown, N. J. 

Derby, John H., Jr., 12 Bellaire Drive, Montclair, N. J. 

Dobroserdov, Dmitri K., Pokrowskajastreet 14, Kasan, Russia. 

Dole, Norman K., 749 Hayes St., San Francisco, Calif. 

Evans, Albert W., 5468 Ellis Ave., Chicago, 111. 

Fabinyi, Rudolf, Chemical Inst, of the University of Kolozsvar, Hun- 
gary. 

Fitch, William W., c/o A. R. Arguelles, Baracoa, Cuba. 

Frevert, Gustav E., Moscow, Idaho. 

Fulton, Horace M., 1720 Willard St., N. W., Washington, D. C. 

Gibbs, Arthur E., Wyandotte, Mich. 

Gravelle, Philip ()., 183 W. 87th St., New York City. 

Hunt, George M., 2323 College Ave., Berkeley, Calif. 

Illes, Ar pad E., 4494 Forest Park Boulevard, St. Louis, Mo. 

Jenckes, Edwin K., 225 Newbury St., Boston, Mass. 

Kammerer, Alfred L., Tower Grove and Flad Aves., St. Louis, Mo. 
Keeble, Horace, Wereham Hall, Stoke-Ferry, Norfolk, England. 

Kendall Mfg. Co., Providence, R. I. * 

Kitchen, William J., 10-12 Queen St., Melbourne, Australia. 

Knowlton, Helen, 27 Central St., Beverly, Mass. 

Kressel, Edward C. L., 827 Washington St., Hoboken, N. J v 
Leasman, E. L., 901 University Ave., Madison, Wis. 

Lehn and Fink, 120 William Si., New York City. 

MacGregor, H. P. f 1907 Division St., Nashville, Tenn. 

Marsh, Harry, 430 East A St., Moscow, Tdaho. 

McDanell, Louise, 100 S. 4th St., Alhambra, Calif. 

McElroy, K. P., 197 Pearl St., New York City. 

McKesson, Donald, 91 Fulton St., New York City. 

Merrell, Lewis C., 502 W. Onondaga St., Syracuse, N. Y. 

Mitke, Charles A., 726 Yale Station, New Haven, Conn. 

Mukerji, Prafulla C., University of Pittsburgh, Pittsburgh, Penna. 
Nicholas, H. E., Eastport, Maine. 

Pedersen, Arthur Z., Beach Lane, So. Bensonhurst, Brooklyn, N. Y. 
Perkins, H. Z. E., 128 N. Peters St., New Orleans, La. . 

Platts, Howard C., 38 Sylvan St,, Rutherford, N. J. 

Putt, Earl B., 71 1 Tenth Ave., North, Fargo, N. D. 

Sarles, Edgar H., 2713 Norwood Ave., Norwood, Ohio. 

Saunders, Charles W., 740 Hope St., Shreveport, La. 

Scales, Robert R., Greenville, So. Car. 

Schmidt, George C., Bureau of Chemistry, Washington, D. C. 

Sheridan, A. L., 9240 Manistee Ave., Chicago, 111. 

Shimomura, Kotaro, Shinkanasumaru Kojinguchi Sagaru, Kyoto, 
Japan. 

Sieplein, Otto J., Grove City, Penna. 
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Smart, Robert, 113 Whiting Bldg., Albuquerque, N. M. 

Sprau, R. L., 1108 Logan St., Louisville, Ky. 

Steese, Marcus, c/o Ohio Iron-Steel Co., Lowellville, Ohio. 

Tarbell, R. F., c/o United Zinc & Chem. Co., Kansas City, Kans. 

Tays, James A., c/o City National Bank, El Paso, Texas. 

Treadwell, John C., Viesca, Coah., Mexico. 

Turley, Everett W., 1038 E. 46th St., Chicago, 111. 

Ullmann, Albert T.,- Box 30, Chillagoe, Queensland, Australia. 

Walker, Seth S., 418 East 2nd St., Mishawaka, Ind. 

Walster, Harlow L., College of Agriculture, Madison, Wis. 

Weinstock, Sidney, 2224 North Lambert St., Philadelphia, Penna. 

Wey, W. O., 6151 Kimbark Ave., Chicago, 111. 

Whitehouse, Joseph, 603 Washington St., Versailles, McKeesport, 
Penna. 

Williams, John M., 2 18 W ater St., Perth Amboy, N. J. 


MEETINGS OF THE SECTIONS. 

[Full accounts of all meetings should be sent to Secretary Charles L. Parsons, Dur- 
ham, N H.] 

INDIANA SECTION. 

The following papers were presented at the regular meeting of the 
Section, held Friday, March nth, at 7.30 o’clock, in the office of the 
State Food and Drug Laboratory 

“Glass Sands and Ball Clays of Florida,’’ H H. Buckman. “On the 
Purpose and Methods of the Chemistry Course in the Public High School," 
F. B. Wade. "The Teaching of Chemistry in the University," J. H. 
Ransom. 

.Supper was served at 6 15 o’clock. A i>. thorwrn, s^ary 

ST. LOUIS SECTION. 

The March meeting of the Section was held, in conjunction with the 
St. Louis Chemical Society, on the evening of March 14th, at the St. 
Louis Academy of Science Building. The speaker of the evening was 
Mr. R. F. Weber, who was one of the body of American teachers appointed 
last year to visit the schools of Germany. Mr. Weber’s subjects were: 
"Chemistry in America and Germany" and "Electrolytic Preparation 
of Hydrazine." l)r. H, W. Wllev was present and entertained the mem- 
bers by recounting some of his experiences while a student in Germany. 

The April meeting was held at the Academy of Science Building, Monday 
evening, April nth. The following papers were presented: "Terpineless 
Extract of Lemon and Analysis Thereof," by Dr. S. H. Baer. "A Rapid 
Method of Estimating Iron in Iron Ores," by Dr. LeRoy McMaster. 
“Ozone in Water Treatment" (illustrated with lantern slides, and apparatus 
for domestic treatment of water with ozone), by Mr. W. F. Monfort. 
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As is usual the meeting was held in conjunction with the St, Louis 
Chemical Society. R No „ IS SHREVB , secretary. 

CHICAGO SECTION. 

The March meeting was held at the Kimball Cafd, on Friday, March 
18th, at 8.15 o'clock. The address for the evening was: ‘‘The Chemist 
in a Brass Foundry,” by W. M. Corse, Secretary of the American Brass 
Founders’ Association. 

After the paper of the evening the Section again took up for discussion 
the rules for the award of the medal offered by Mr. Converse. 

The usual dinner was held before the meeting. 

The April meeting, preceded by the usual dinner, was held at the Kim- 
ball Caf6, on Friday evening, April 15th, at 8.15 o'clock, with 120 in at- 
tendance. The topic of the evening was: “The Borax Industry, the 
Mining and Manufacture of Borax and Its Uses,” with papers as follows: 
“The Development of the Borax Industry in California and Nevada, and 
Sources of Supply in Other Countries,” S. T. Mather, Thorkildsen-Mather 
Co. “Mining and Refining of Borax,” F. M. Dupont, Chemist for the 
Sterling Borax Co. “The Use of Borax in Manufacturing Enameled 
Sanitary Ware,” C. J. Wolff, L. WolfT Manufacturing Co. “The Use of 
Borax in Manufacturing Enameled Kitchen Ware,” Howard Cooulev, 
Coonley Manufacturing Co. The papers were profusely illustrated with 
specimens of borax ores, borax, and the manufactured products therefiom. 

A. I, NT 1 . Ill 8, Senetary. 

NEBRASKA SECTION. 

The fifty-ninth annual meeting of the Section was held in the lecture 
room of the Chemical laboratory of the University of Nebraska, Saturday, 
March 19th, at 8 f.m. The following program was presented: “Present 
Status of the Bleached Flour Controversy,” Dr. F. J. Alway. “Analysis 
of Soaps,” S. H. Ross. “Nitrogen Problems and Dry Farming,” R. S. 
Trumbull. “Determination of Humus,” E. K. Files. 

O L. Barnobbt, Secretary. 

LOUISVILLE SECTION. 

The regular March meeting of the Section was held in Louisville on 
the 19th. The Louisville members entertained the Lexington, George- 
town and Winchester members at a dinner at noon at the Galt House. 
The following papers were given: “Antitoxins,” Dr. L. A. Brown, of the 
Food and Drugs Laboratory, Lexington, Ky. “Liquid Mixtures of 
Constant Boiling Point,” Dr. Garnett Ryland, Georgetown^ Ky. “Pos- 
sible Variation in the Composition o£ Distillers’ Dried Grains,” Dr. A. M. 
Peter, Lexington, Ky. “Operation of the Louisville Filter Plant,” Mr. 
W r . H. Love joy, Chief Chemist of the plant. 

Following the papers a trip was made to the Filter Plant where the 
details of operation were explained. 
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The April meeting was held at 8 p.m. on the nth, in Room 700 of the 
Atherton Building. 

Dr. A, M. Peter, Chief Chemist at the Kentucky Agricultural Experi- 
ment Station, gave an account of the occurrence of zinc in a large number 
of Kentucky mineral waters which had been examined at the Station. 

Mr. F. M. Scales, of the Louisville Filter Plant, spoke on the “Bac- 
teriological Examination of Water.” 

The usual light refreshments were served. F „ 1UM1ROVCKi salary 

MILWAUKEE SECTION. 

The regular meeting of the Section was held at the Trustees’ Room, 
Milwaukee Public Museum, Friday evening, March 25th, at 8 p.m. A 
paper on “The Methods of Production and Properties of the Chemical 
Dry Colors” was presented by Mr. C. Li. Ilall, Supt. of Dry Color Dept., 
Patton 1 aint Co. H Retiring Secretary. 

RHODE ISLAND SECTION. 

The regular meeting of the Section was held at ihe University Club, 
Thursday evening, March 31st. 

After dinner Professor William II. Kenerson, of the Engineering De- 
partment of Brown Uni\ersity, presented the paper of the evening on 
“Some Problems of the Testing Laboratory.” Al .„ IiRTW CuA>wl Sccretary 

NEW YORK SECTION. 

The seventh regular meeting of the Section of 1909-Towas held at the 
Chemists’ Club, on Frida), April 8th. 

Dr. F. D. Dodge read a paper entitled “Notes on the Determination 
of Essential Oils.” The remainder of the program consisted of a Sym- 
posium on Leather, arranged by I)r. Allen Rogers, which included the 
following papers: Allen Rogers, “General Outline of the Leather In- 
dustry.” Alan A. Claflin, “The Process of Bating.” John IT. Yocum, 
“Vegetable Tanning Materials.” Otto P. Amend, “Recent Advances 
in Chionie Tannage.” F. E- Atteaux, “The Coloring of Leather” (read 
by Dr. Rogers). Edgar A. Prosser, “Oils Used in the Leather Industry.” 

C M . J o YCiv, Secrcta ) y . 


SECTION OF EASTERN NEW YORK. 

The April meeting was held in the Schenectady High School Auditorium, 
Wednesday evening, April 13th, at 8 o’clock. The paper of the evening 
was on “Usefulness of Chemistry in Sanitation,” by Dr. H. W Wiley, 
Chief of Bureau of Chemistry, Department of Agriculture, Washington, 
D. C. At 6 o'clock a subscription dinner in honor of Dr. Wiley was held 
by the members at the New Vendome Hotel. R c RumNSO „ t secretary. 
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CINCINNATI SECTION. 

The 159th regular meeting of this Section was held on Wednesday 
evening, April 13th, at the Lloyd Library. The speaker for the evening 
was Dr. Alfred Springer, who discussed the following subjects: (a) “Salt.” 

(^) Yellow Fever. Alfred Smith, Recording Secretary. 

WISCONSIN SECTION. 

The April meeting of the Section was held at Madison on Wednesday, 
April 13th, at 8 p.m., in Room 102 of the Chemistry Building. Dr. H. 
Stanley Bristol, of the Forest Service, U. S. Department of Agriculture, 
presented a paper on “Some Chemical Problems of the Forest Products 

Laboratory. jj v McCollum, Secretary. 

WASHINGTON SECTION. 

The 198th meeting and annual smoker was held Thursday evening, April 
14th, at 8 p.m., at Fritz Reuter’s. 

The Smoker began with a beefsteak dinner at 6.30. The regular 
meeting was called to order at the same place at 8 o'clock and the follow- 
ing program presented: Reid Hunt, “The Effect of Drugs and Diet 
upon the Thyroid.” B. Herstein and Lyman F. Kebler, “Contribution 
to the Knowledge of Phosphoric Acids.” li. C. Fuller, “Separation and 
Determination of Cocaine and of Atropine from Strychnine.” 

J A. I«E CLKRC, Secretary. 

LOUISIANA SECTION. 

The fortieth meeting was held at the Directors’ Room of the Board 
of Trade, New Orleans, Friday, April 15th, at 8.00 p.m. The paper of 
the evening was “Food in Light of Modem Chemistry,” by Dr. Gustav 

Mann. GKO B. Taylor. Secretary 

MINNESOTA SECTION. 

The twenty-fifth regular meeting of the Section was held Friday eve- 
ning, April 15th, in the Ohemical Laboratory of the University of Minne- 
sota, with program as follows: “A Correction in the Beckmann Ther- 
mometer Due to the Hydrostatic Pressure of the Mercury Column,” Prof. 
Ira H. Derby. “Comparison of Rapid Elect roanalytical Methods: Part 
i, The Determination of Copper,” Francis C. Frary and Andrew P. Peter- 
son 

* Francis C, Frary, Secretary 


DECEASED MEMBER. 

Henry A. Torrey, Harvard University, Cambridge, Mass., March 26, 
1910. 
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Adams, Elliot Q. f Res. Lab’x, Gen. KVctiic Co., Sch<*nectad\ , N Y 
American Vanadium Co , Pittsburg, Penna 
Ames, W. B. V., 151 Wabash Ave., Chicago, 111 
Bailey, Clyde H. t Agricultural College, Fargo, N. D. 

Blauer, I. Theodore, 317 H. noth St., NYvv York Cits* 

Brown, Chas. Wia., 1 1 W. Michigan St., Chicago, 111 

Chenev, Gough L., Mt. Pleasant, Iowa 

Cooper, J D., 2408 Longest Ave., Louisville, Kv. 

Davis, Eugene R., 1 4*^ Reetoi St , Perth Ambo\, N J. 

Dennis, Arthur C., Deerwood, Minn. 

Edeler, A , c/o Proctor \ (iambic Co., Kansas Cit \ , Kans 
Elley, Harold \V., M.i A, Chem Bldg., Lincoln. Nebr 
Elmer, James M., Tuolumne, Calif. 

Enoch Morgan’s Son. Co , 139 West St., New York Cit \ . 

Eairhall, Lawrence T., Danville, ill. 

Eorst, Leo B., 1529 Tea St , Washington, D. C. 

( lari and, Charles S., 18, Dei went (irove, E. Dulwich, London, S E 

Hng. 

Graham, Alexandet ){ , Agiic Bldg , Dniv of Calit , Berkeley, Calil 
(iuhlmann, Charle s F , Giant we »od, N J 
lladank, Erich, s?3 Rivei St., Hoboken, N I 
Harms, Herman, 4<S S. Main St., Sail Lake Cit), Utah, 

Haskell, William ()., Orono, Maine 

llerstein, Bernard, 1744 Willard Ave , Washington, I). C 

Hess, J. Roydeti, 164 No. Main St , Phillipsbnrg, N, J. 

Ileuser, August, 1367 Sumivsidi* Ave , Chicago, 111 
Hoyt, Leslie J , Hillsboro, Ohio. 

Jaquish, Ben M., 782 East i8lh Si., New York City 
Kennedy, Miles Bryce, Univ. of Nevada, Rene), Nevada. 

Kennedy, Robert 1 \, no Stewart Ave , Ithaca, N. 'S'. 

Kudlich, Herman F., Jr., 153 West 21st St., New York Cit\. 

Lamont, Charles, 11 11 Union Tnisi Bldg., Detroit, Mich 

Upstate, W. A., Hartley Hall, Columbia Unixersitx, New York City 

Lowe, James ()., 51O Englewood Ave , Chicago, 111 

Loy, Sylvester K., Johns Hopkins University, Baltimore, Mel 

MacKey, John h\, 1428 Tennessee St , Lawrence, Kans. 

Marbaker, Edward E., 1615 N. 55th St., Philadelphia, Penna 
Martin, Herbert W., 5225 Woodlawn Ave., Chicago, 111 
Mason, Stephen N., Ayer Mills, Lawrence, Mass. 

McAllister, H. T., ioo 2 1 / 2 California Ave., Urbana, 111 . 

Mitchell, Thomas A., 79 Elm St!, North Woburn, Mass. 

Monro, Claxton, 16 Elm St., North Andover, Mass. 

Murray, W. S., Lock Box 873, Hamilton, N. V. 

Patton, Walter D., Memorial University, Mason Citv, Iowa. 

Peterson, Leo, Box 331, Emporium, Penna. 
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Phillips, Percy P., Rurki, United Provinces, India. 

Pollock, Frank S., 237 E. Mauch Chunk St., Tamaqua, Penna. 

Pritz, Wesley B., 1852 W. 112th St., Cleveland, Ohio. 

Rauchfuss, Arthur A., 526 9th St., Brooklyn, N. Y. 

Reid, W. I)., 2604 St. Mary’s Ave, Omaha, Nebr. 

Rice, Edward W., Box 358, Santa Cruz, Calif. 

Rogers, Rutherford H., 902 Mahoning Ave., Youngstown, Ohio. 
Schoellkopf, Jacob F., Jr., 21 1 Anderson Place, Buffalo, N. Y. 
Shepherd, John H., 1443 E. 66th St., Chicago, 111 . 

Southern Colton Oil Co., 24 Broad St., New York City. 

Steffens, J. A., Box 278, Spring Valley, N. Y. 

Steinkoenig, L. A., Station and Elliot Aves., Arlington Heights, Ohio. 
Trenthardt, Ernest L. P., c/o W. B. Alwood, Charlottesville, Va 
Wanner, H. E., Box 137, Annville, Penna. 

Winkler, John, 2214 Union St., Berkeley, Calif. 

MEETINGS OF THE SECTIONS. 

[Full accounts of all meetings should be sent to Secretary Charles L Parsons, Dur- 
ham, N. H.J 

UNIVERSITY OF MISSOURI SECTION. 

The seventh meeting of the University of Missouri Section was held 
Friday evening, March 4th, at the home of Professor Hermann Schlundt. 
A supper was given at 6 o’clock in honor of the speaker, C. W. Green, 
at which a number of invited guests were present. After the supper 
Professor Green addressed the Section on the “ Changes in Chemical 
Composition of Salmon during the Spawning Season.” 

The eighth meeting of the Section was held March 18th at 7.30 p.m. 
Mr. L. IX Haigh gave a review of Lawes and Gilbert’s work on “Chemical 
Composition of Some of the Animals Slaughtered as Human Food,” and 
also of Professor Paul Schweitzer’s work at the Missouri Station on the 
“Flesh of Beef Animals.’’ 

The ninth meeting of the Section was held Friday evening, April 1st. 
Professor Sidney Calvert addressed the Section on “Some New View 
Points in Organic Chemistry.’’ 

The tenth meeting of the Society was held Saturday morning, April 
23rd. Mr. H. S. Miner, Chief Chemist of the Welsbach Light Company, 
gave a very interesting address on the “Chemistry of the Rare Earths, 
with Special Application to Incandescent Lighting.” 

The eleventh meeting of the Section was held Friday afternoon, April 
29th. Professor Hermann Schlundt gave an address on the “Alpha 
Particle ’ ’ 

C. Robert Moulton, Secretary. 

INDIANA SECTION. 

The regular meeting was held Friday, April 8th, at the Hotel English. 
F. R. Eldred read a paper on “Deterioration of Various Drug Ex- 



tracts.” E. G. Eberhardt, who is a delegate to the Pharmacopoeial Con- 
vention, presented a paper on “The Coming Revision of the United States 
Pharmacopoeia.” The following delegates to the Convention took part 
in the discussion: J. R. Francis, A. D. Thorbum, W. H. Foreman and 
C. R. Schaeffer. “The Pharmacopoeia as a Legal Standard in Municipal 
and State Work” was discussed by H. E. Barnard. 

A. I' Thormjun. Secretary. 

UNIVERSITY OF ILLINOIS SECTION. 

The thirty-first regular meeting of the Section was held April 19th, at 
the Chemistry Building. 

The topic of the evening was “Gas Calorimetry,” presented by Pro- 
fessor S. W. Parr. The discussion was made very interesting with exhibits 
. and demonstration of apparatus. 

This was the annual meeting of the Section, and officers for the ensuing 
year were elected as follows: Chairman , E. W. Washburn; Vice-Chairman , 
- P. B. Hawk; Councilor , E. Bartow; Secretary , Grinnell Jones; Treasurer , 
C. W. Balke. 

The annual reports of the officers showed a flourishing condition of the 
Section. ], H. smith, Scartary 

A meeting of the Section was held on Tuesday, May 17th, at 7.30 p.m., 
in the Chemistry Building. 

Professor R. C. Curtiss spoke on (1) “ Condensations in the Mesoxalic 
Ester Series.” (2) “The Acid Products of the Action of the Red Oxides 
of Nitrogen on Malonic Esters.” Mr. D. A. Maclnnes presented “A 
Comparative Study of the Freezing Points, Conductivities and Viscosities 
of Aqueous Solutions of Electrolytes Belonging to the Same Ionic Type 
but Differing in Degree of Hydration.” An exhibition of the apparatus 
used in the investigation accompanied this paper. 

Gri N N I'L l. Iokes, Seaetary 

PITTSBURGH SECTION. 

The April meeting was held in the Engineering Building of the Univer- 
sity of Pittsburgh, Thursday evening, April 21st. The following interest- 
ing papers were read: “Aluminum in Industrial Engineering,” by Mr. 
Earl Blough, Chief Chemist of the Aluminum Company of America, 
“Thermochemistry of Explosives,” by Dr. W. O. Snelling, Chief in Ex- 
plosives Laboratory, U. S. Geological Survey, Pittsburgh, Pa. 

The regular meeting was held in the Carnegie Technical Schools, on 
Thursday evening, May 19th. 

Program: “The Explosive Power of Coal Dusts; A Method of Te: ting,” 
Joseph C. W. Fraser, Chemist on Coal Research, U. S. Geological Survey. 
“The Materials Laboratory of The Public Works Department of Pitts- 
burgh,” by M, S. Evans, Chief Chemist. joaw A. Schaeffer, Secretary, 
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S\ RACDSE SECTION . 

The fifty-eighth meeting was held at the University Club on April 
2 2nd, at 8.00 p.m. Mr. Cliffoid Richardson addressed the Section on the 
subject of Road-making Material. wm h mci,aochlan, scaciarv 

\ KANSAS C1T\ SUCTION. 

The Section met at Washburn College, Topeka, on Saturday, April 
23rd, at 2 p.m. 

After a visit to the College the members listened to the following ad- 
dresses : “ Chemistry Fifty Years Ago at Yale,” Dr. J . T. Lovewell. “ Some 
vStudies in the Reduction of Aldehydes and Ketones,” Prof. J. B. Whelan. 
^On the Relative Digestibility of Unbleached and Bleached Flout,” 
Prof. J. T. Willard and Prof. C. A. A. Utt. Recess was followed by Dr.^ 
Crumbine’s address and “Notes 011 Chemical Topics,” by Prof. F. R 

DainS. E A. white, \ecrctaiy. 


RHODE ISLAND SECTION. 


The regular meeting of the Section was held at the University Club, 
Thursday evening, April 28th. 

Dinner was served promptly at 7 o’clock, after which Professor Frederic 
P. Gorham, of the Biological Department of Brow r n University, presented 
the paper of the evening on “Chlorine Disinfection of Water and Sewage.” 

Albert W t . Claflin, Scciciary 
NORTHEASTERN SECTION. 

% 

The ninety -eighth regular meeting of the Section was held at the Twen- 
tieth Century Club, Boston, on April 29th. Prof. Ilcnry Carmichael 
presented a paper entitled “Electrolysis of Chlorides Theoretically Con- 
sidered,” in which he described the advantages of a partition of asbestos 
cloth impregnated with Portland cement as a means of .separating the 
electrode products in the electrolysis of brine. Mr. Jasper Whiting, in 
a paper upon “The Electrolysis of Brine,” described in detail his elec- 
trolytic cell, which makes use of the formation of sodium amalgam but 
is not open to many disadvantages possessed by the “Castner Process.” 

BL L. Mark, bccrciaty 

MILWAUKEE SECTION. 

The tegular meeting of the Section was held April 29th, in the trustees’ 
room in ’the Milwaukee Public Museum. The program consisted of an 
illustrated talk on “Opaque White Pigments Used in the Manufacture 
of Paint,” by Frank S. Low, of the Experimental Department of the 
Patton Paint Co., followed by a general discussion on coal, led by Mr. 
C. B. Dickie and Mr. G. N. Prentiss. c Y _ r ~ _ 


Frank s. Low, Secretary. 


IOWA SECTION. 


The annual meeting was held in the Chemistry Lecture Room of Grin- 
nell College, on Saturday, April 30th, at 9 a.m. 
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The program was as follows: ‘‘Some Suggestions on the Determination 
of Calcium, ” George Hcise. “The Effect of Continued Grinding on 
Water of Crystallization/’ Nicholas Knight. “Laurolene/ , W. A. Noyes. 
(As by W. A. Noyes, C G Derrick, and L. P. Kyriakides.) “The Manu- 
facture of Absolute Ether,” Launcelot Andrews. “The Modem Manu- 
facture of Portland Cement from the Mechanical and Chemical Stand- 
point’’ (illustrated), G. P. Dieckmann. “A New Method for the De- 
termination of Humus,” A. A. Wells. “On the Quality of owa Deep 
Well-Waters,” W. S. Hendrickson. “The Efficiency of Land Plaster in 
Preventing the Loss of Ammonia in Manure,” W. W. Scott. Reports. 

The following officers were elected for the year 1910-1911: President , 
C. N. Kinney; Vice-President , W. J. Karslake; Secretary , J. N. Pearce. 

J Newton Pearce, Secretary 

CORNELL SECTION. 

A meeting was held in Morse Hall, May 2nd, at 8 p.m. 

The paper of the evening was on “Some New Developments in Lim- 
nology, ” by Prof . J. G. N cedham . H w gumit. salary. 

NEW YORK SECTION. 

The eighth regular meeting of the Section of 1909--’ 10 was held on 
May 6th, at the Chemists’ Club. Prof. Julius Stieglitz, of the University 
of Chicago, gave a talk on the “Electrolytic Theory of Oxidation and 
Reduction,” illustrated by numerous lecture table experiments. 

Preceding Prof. Stieglitz’ address the following papers were read: Harri- 
son E. Patten, “On the Action of Crushed Quartz upon Nitrate Solu- 
tions.” A. F. Seeker and W. K Matliewson, “Estimation of Iodine in 
Organic Compounds and in the Presence of Other Halogens” (read in 
abstract by K. H. Pough). G. D. Heal and M. T. Bogert, “Stilbazoles 
in the Quinazoline Group.” c. m. Joyce, surety 

CALIFORNIA SECTION. 

The fifty-first regular meeting of the Section was held on Saturday 
evening, May 7th, at 8 o’clock, at Tait's Cafe. 

The paper on “Electro Metallurgy of Iron on the Pacific Coast,” was 
by Mr. G. II. Clevenger, of Stanford University. 

The usual informal dinner preceded the meeting. CHARI , ES s Ash , s ef , rfarj . 

ST. LOUIS SECTION. 

The May meeting was held in connection with the St. Louis Chemical 
Society, on the evening of the 9th, at the Academy of Science Build- 
ing. 

1 “The Tin Plague” was discussed by Mr. Leo. R. A. Suppan; and the 
results of “A Study of Some Methods Used in Oil Analysis” were given 
by Mr. J. J. Kessler and Miss G. K. Mathiason. In this latter paper 
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the relation of the physical properties of various oil mixtures to the 
corresponding properties of the constituents was shown by means of 
numerous tables and curves. 

After the meeting the usual informal social gathering was held. 

R. Nokris Shreve, Steretarv. 

CINCINNATI SECTION. 

The 160th regular meeting of the Section was held on Wednesday, 
May nth, at the Lloyd Library, at 8 o’clock. 

The speaker for the evening was Mr. P. F. Wehmer, Municipal Chemist 
for the City of Cincinnati, and the subject for discussion “ Creosote Wood 

Block.” Alfred Smith, Secretary. 

WISCONSIN SECTION. 

The May meeting of the Section was held at Madison on Wednesday, 
May i ith, at 8 p.m., in Room 102 of the Chemistry Building. 

Dr. J. Howard Mathews presented a paper on “Processes of Color 

Photography.” E. V. McCollum, Secretary. 

WASHINGTON SECTION. 

The 199th meeting was held on Thursday, May 12th, at 8 p.m., in the 
Public Library Lecture Hall. f 

The following program was presented: “The Exact- Determination 
of Sulphur and of Barium in the Presence of Alkali Salts,” I. K. Phelps. 
“The Determination of Nitrogen in the Feces,” L K. Phelps. “Oil 
Cement Concrete,” A. S. Cushman. “The Complexity of the Humus 
Extract of Soils,” E. C. Shorey. “The Separation and Determination 
of Cadmium in Presence of Copper,” Edwin A. Hill. 

J, A LeClkrc, Secretary. 


San Francisco Meeting. 

The following divisions will hold meetings in San Francisco: Indus- 
trial Chemists and Chemical Engineers, Physical and Inorganic Chem- 
istry, Organic Chemistry, Agricultural and Food Chemistry. The Rub- 
ber Section and the Section of Chemical Education will hold no meeting. 
The Pharmaceutical and Fertilizer Divisions will be represented and will 
hold meetings if conditions warrant. Otherwise any papers offered to 
these divisions will be presented before one of the others. Details as to 
train, hotel rates, etc., and any additional information received by the 
secretary before May 25th will be found in the advertising pages of this 
number. Charles L. Parsons, Secretary. 
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Proceedings. 

COUNCIL. 

The following motion of I)r. Morris Loeb has unanimously passed the 
Council. 

“Moved, that the Council approve the action of the New York Section 
taken at its meeting on May 0, 1910, looking toward the establishment of 
a Museum and Chemical Loan Collection, and authorize the Section to 
undertake negotiations for the accomplishment of this object, subject, 
however, to a review by the Council.” Charles L. Parsons, 

Secretary . 

Members Elected between May 15T11 and June 15TH. 

Barringer, Laurence E., Gen. Electric Co., Schenectady, N. Y. 

Bean, M. J., 20 Cross St., Medford, Mass. 

Beatty, Cornelius, College Park, Md. 

Beringer, George M., Camden, New Jersey. 

Billings, E. F., 76 Freeport St., Boston, Mass. 

Binswanger, Jacob O., 1619 North 16th St., Philadelphia, Pa. 

Blatz, Frederick J., Wilmington, Del. 

Booth, Walter F., Chicago Heights, 111 . 

Bowers, Paul C , 1419V2 Broadway, Nashville, Tenn. 

Brown, Thos. R., 709 1 L South St., Frankfort, Irid. 

Caswell, Robert G., 47 Hope College, Brown TJniv., Providence, R. I. 
Chamberlain, Paul R., Box 63, Dewey, Okla. 

Curtis, Harry A., Univ. of Colorado, Boulder, Colo. 

Dashiel, Paul J., U. S. Naval Academy, Annapolis, Md. 

Dearborn Drug and Chemical Works, 2005 McCormick Bldg., Chicago, 
III. 

Dickerson, Walter II., Muskegon, Mich. 

Edgar Zinc Co., 714-717 Security Bldg., St. Louis, Mo. 

Ekroth, Clarence V., 450 Franklin Ave., Brooklyn, N. Y. 

Elbert, John J., 44 The Fenway, Boston, Mass. 

Eyscnbach, G. Gifford, 61 j No. 10th St., Philadelphia, Pa. 

Flint, J. PI., 2489 Howard St., San Francisco, Calif. 

Forbes, E. B., Ohio Agric. Exper. Station, Wooster, Ohio. 

Gray, Harry LeBreton, Eastman Kodak Co., Rochester, N. V. 

Harris, Charles, West Indian Tobacco Co., Port of Spain, Trinidad. 
Hartman, Arthur F., Nappanee, Indiana. 

Heilman, Chas. G., 724- 3rd St , Catasauqua, Pa. 

Hofmann, Lothar, 2205 S. Broadway, Fort Wayne, lud. 

Holman, Ernest C., 3104 Fox St., Chicago, 111 . 

Jameson, Miss Eloise, Corona, Calif. 

Kendall, George R., 530 Cambie St., Vancouver, B. C. 

Klepetko, Frank, 42 Broadway, New York City. 

Laird, Joseph Stanley, Caledonia, Ont., Canada. 

Lawrence, James C., Kappa Sigma House, Columbia, Mo. 

Lawton, Stanley H., President’s Hill, Quincy, Mass. 
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Lothrop, George Van Ness, 440 Jefferson Ave., Detroit, Mlfch. 

Lunt, George, 115 W. 183rd St., New York City. 

Macfarlane, Wallace, 25 S. St., Salt Lake City, Utah. 

Madge, Norman G., 11 Vandewater St., New York City. 

Mautner, L. A., 917 West Green St., Urbana, 111 . 

Paine, Harold W., 53 Haskins St., Providence, R. I. 

Parsons, L. F., Moscow, Idaho. 

Perdue, Wm. L., Princeton, New Jersey. 

Perkins, Clement L., Berwick, Maine. 

Picard, D. C., Box 885, Atlanta, Ga. 

Rankin, Herbert E. f 34 South Edwards Hall, Princeton, N. J. 

Rhamy, B. W., Fort Wayne, Ind. 

Schmidt, Carl L. A., 2338 Roosevelt Ave., Berkeley, Calif. 

Schulman, Miss Belle F., 222 So. Second St., Brooklyn, N. Y. 

Scofield, Walter W., Jr., Dalton, Mass. 

Seaman, Miss Emily C., Teachers’ Coll., Columbia Univ., New York 
City. 

Sharpies, P. T., West Chester, Pa. 

Shuey, Philip MacGregor, Dutton, Fla. 

Simon, Clarence, 306 West 99th St., New York City. 

Smyth, Chas. PI., Princeton, New Jersey. 

Spitzer, George, LaFayette, Ind. 

Staley, Oscar C., Box 415, Point Richmond, Calif. 

Stedman, Chester J., 96 York Square, New Haven, Conn. 

Trevithick, Plarry P., Refuge Cotton Oil Co., Vicksburg, Miss. 

Trewin, H. R., Box 356, Hanover, N. H. 0 

WaldralT, P. PI., San Mateo, Calif. 

Watson, Warren Neal, 14 Laurel Ave., Auburn, Maine. 

Welsbach Company, Gloucester City, New Jersey.* 

Wheeler, Plumer, Pompton Lakes, New Jersey. 

Whipple, Malon, P., Camden, N. J. 

Ziegler, Walter W., 363 Madison St., Milwaukee, Wis. 


MEETINGS OF THE SECTIONS. 

[Full accounts of all meetings should be sent to Secretary Charles L. Parsons, ])ur- 
* ham, N. H.] 

SECTION OF WESTERN NEW YORK. 

The March meeting was held at the LTniversity of Buffalo. Mr. G. M. 
J. MacKay presented a paper on “Cements, Ancient and Modem,” de- 
scribing the recent methods used in making Portland and blast-furnace 
cinder cement. 

The April meeting was held at the .Hasten Park High School, Buffalo. 
Prof. E. M. Chamot gave a lecture on “The Microscope in the Chemical 
Laboratory/’ illustrated with lantern slides. 

The annual election and banquet was held May 20th at Hotel Statler with 
Vice-President Lidbury in the chair. The following officers for the coming 
year were elected. President , W. H, Watkins; First Vice-President, J. I. 
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Karas; Second Vice-President , R. E. Fowler; Councilor , F. A. J. Fitz- 
gerald; Treasurer , J. Klein; Secretary , W. Wallace; Executive Committee , 
F. A. Lidbury, G. H. A. Clowes, A. L. Pouleur. 

The presiding officer made an informal address followed by short ad- 
dresses from each of the elected officers. 

The closing hours of the meeting were occupied by listening to remarks 
of literary interest from many members. Meeting adjourned at 12 p.m. 

N W Shed, Retiring Sect clary . 

COLUMBUS SECTION. 

The regular meeting of the Section was held April 28th in the Chemical 
Laboratory, Ohio State University. A paper upon “The Recent De- 
velopments in the Examination of Proprietary Remedies/* dealing 
vigorously with the ethics of the problems involved, was presented by 
Prof. C. A. Dye, of the College of Pharmacy, Ohio State University. 

Dr. Patterson, editor of Chemical Abstracts, gave an address on the 
origin and history of our journal, “Chemical Abstracts,” as well as the 
methods of handling the problems involved. 

At the previous meeting Di. John Wilkinson, of the Department of Chem- 
istry, Ohio State University, read a paper on the “Phosphorescence of 
Some Inorganic Salts,” and Di. J. F. Lyman, Department of Agricultural 
Chemistry, read a paper on the “Experimental Study of the Metabolism 
of the Purins in the Mammalian Organisms.” 

The following officers were elected: President , C. W. Foulk; Vice- 
President, A. M. Brumbaeh; Secretary-Treasurer , James R. Withrow r , Ohio 
State University: Councilor , Wm. McPherson. 

jA.it rs R Withkow Secretary. 

UNIVERSITY OF MISSOURI SECTION. 

The annual meeting of t lie Section was held on Frida), May 13th, at 
7 p.m. Reports of officers were given and approved. The following 
officers were then elected for the coming year: President , Sidney Calvert; 
Vice-President , R. B. Gibson; Secretary , E. E* Morlan; Treasurer , Her- 
mann Schlundt; Councilor , P. F. Trowbridge. 

C. Robert Mon. ton. Reining Secretary 
LOUISVILLE SECTION. 

The regular May meeting of the Section was held in Lexington on the 
14th, where the Louisville members were the guests of the Lexington 
members. The visitors were royally treated. The forenoon was spent 
in automobiling through the blue grass regions and at noon a dinner was 
served at the Country Club. The party then returned to the Chemical 
Building of the State University where the meeting w'as held. Election 
of the following officers first took place: President , R. C. Lord; First Vice- 
President , A. M. Peter; Second Vice-President , C. E. Martin; Secretary , 
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F. F. Hasbrouck; Treasurer, B. M. Overton; Councilor, F. E. Tuttle. 
Three papers followed: “Colloids,” Dr. R. N. Maxson. “Theory of the 
Continuous Still,” A. M. Breekler. “Kentucky Clays,” J. S. McHargue. 
There were about 30 present. K . f. hasbrouck s,cr.tarr. 

PHILADELPHIA SECTION. 

The regular May meeting of the Section was held at the Engineers* 
Club, Thursday evening, May 19th. The annual election of officers re- 
sulted as follows: Chairman , A. M. Coxney; Vice-Chairman, C. H. Spayd; 
Secretary-Treasurer, C. S. Brinton ; Executive Committee, George IX Rosen- 
garten, William H. Bowers, D. W. Fetterolf. 

The following papers were presented: “The Chemistry of the Suprarenal 
Gland/’ C. IJ. Vanderkleed. “Analysis of Ground Cloves/ , Arthur T. 
Collins. Clement S. Brinton, Secretary 


CHICAGO SECTION. 

The May meeting was held in the rooms of the Engineers’ Club, on 
Friday, May 20th, at 8 p.m., with 125 in attendance. 

The program for the evening was a “Symposium on Soap,” including 
the following papers: “Special Points to be Considered in the Analysis 
of Soaps,” by Wilson PI. Low, Cudahy Packing Co., Omaha, Neb. “The 
Work of the Glycerine Committee of the America*! Chemical Society,” 
by A. C. Langmuir, Marx & Ravolle, New York. “Glycerine Analysis,” 
by Robert E. Divine, Detroit, Mich. “The Pears Soap Case: Detection 
of Volatile Substances in Soaps,” by E. M. Slocum, Allen B. Wrisley Co., 
Chicago. “The Manufacture of Glycerine by the Garrigues Process,” 
by G. A. Moore, Chicago. “Historical Review of Saponification Pro- 
cesses,” by W. D. Richardson, Chicago. 

The usual informal dinner took place before the meeting. 

f A I.. N EH l.s, Srcrelarv 

LOUISIANA SECTION. 


The Section held its forty-first regular meeting in the rooms of the New 
Orleans Board of Trade, May 20th. Dr. B. P. Caldwell, of Tulane Univer- 
sity, gave a lecture on “The Corrosion of Iron.” 

The 42nd meeting and annual dinner was held Friday, June 17th, 
6.30 p.m., at the Old Hickory Restaurant. The topic for discussion was 


“Chemical Technology in Louisiana.” 


Gbo. B. Taylor, Secretary. 


KANSAS CITY SECTION. 

The Section met at the Y. M. C. A. Building, Kansas City, Mo., on 
Saturday evening, May 21st at 5 o’clock. The following program was 
presented: " Chemistry and Cupola Practice,” by W. W. Cox, and “Salt 
Rising Bread,” by H. A. Kohman, after which dinner was served. 

B. A* Whit*, Secretory. 
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SECTION OF EASTERN NEW YORK. 

The May meeting was held in the Union College Chemical Lecture 
Room, Schenectady, on Wednesday evening, May 25th, at 8 o’clock. A 
paper on 41 Accuracy in Certain Difficult Determinations” was presented 
by Prof* E. W. Morley, followed by refreshments. 

The June meeting was held in Little Falls on the afternoon and evening 
of Saturday, June nth. 

In the afternoon visits were made to Hansen’s Laboratory, where 
Junket tablets are made; to the plant of D. H. Burrell & Company, where 
milk separators and milking machines are manufactured , to the tannery 
of the Barnet Leather Company; and to “Overlook,” Mr. D. H. Burrell’s 
private residence. After dinner at Hotel Richmond, addresses were 
given as follows: “The Products of Milk,” and the “Junket Tablet,” by 
J. D.* Frederiksen, of the Hansen Laboratory; and “Milking Machines and 
Milk Separators,” by Loomis Burrell, of D. H. Burrell & Company. 

K C Robinson, Secretary 

RHODE ISLAND SECTION. 

The regular meeting of the Section was held at the University Club, 
Thursday evening, May 26th. Dinner was served at 7 o’clock, following 
which Dr. Frederick G. Keyes, of Brown University, presented the paper 
of the evening, “Some Recent Researches in High Vacuum.” 

Albert W. Ci.aelin, Secretary. 


WISCONSIN SECTION. 

A joint meeting of the Milwaukee, Chicago and Wisconsin Section, was 
held in Milwaukee, May 27 and 28th. The program consisted of a smoker 
Friday evening, papers by members of the Sections Saturday morning, 
and a visit to certain technical industries Saturday afternoon. 

K. V McCollum. Secretary. 

NEBRASKA SECTION. 

The sixtieth regular meeting of the Section was held at Omaha, Ne- 
braska, Saturday, May 28th. The Section assembled at the Rome Hotel 
and left by street car at 1.15 p.m. for the Carter White Lead Works in 
East Omaha, arriving at 2.00 p.m. Leaving there at 3.30 p.m., the mem- 
bers arrived at the Smelter at 4.15 p.m. and left at 5.30 r.M. At 6 p.m. 
dinner was served at the Rome Hotel. After dinner an address was given 
by Professor George B. Frankforter, Dean of the School of Chemistry, 
University of Minnesota, on “Utilization of Waste Wood with Some of 

itS By-ProductS. o. j; Barnebey, Secretary. 

CORNELL SECTION. 

The 62nd regular and 8th annual meeting of the Section was held in 
Morse Hall, Wednesday, June 1st. 
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The program consisted of the following reports: “Fractional Crystal- 
lization of the Rare Earths," by C. W. Bennett. “Fractionation of the 
Rare Earths," by H. N. Frear. “Temperature Measurements in the 
Carborundum Furnace,” by H. W. Gillett. “Electrolysis of Certain 
Liquid Ammonia Solutions,” by M. E. Holmes. “Sugar and Alcohol in 
Apple Waste,” by B. J. Lemon. “Sulphated Storage Cells,” by G. A. 
Perley. 

The following officers were elected for the ensuing year: President, H. 
W. Redfield; Vice-President, F. F. Shetterly; Secretary-Treasurer, J. C. 
Andrews; Executive Committee, G. E. F. Lundell, E- F. Hitch, L. J. 

CrOSS. H. W. Gir.t.r.TT, Retiring Secretary. 

GEORGIA SECTION. 

The Section held its spring meeting in the rooms of the Atlanta Club on 
the evening of June 4th. Unusual interest was manifested in the business 
and the papers. It was decided to meet more frequently, the programs 
subject to the decision of the advisory board. After the meeting the 
Section adjourned to the Rathskellar to discuss the papers over a Dutch 
lunch. The papers of the evening were: “The Volumetric Determina- 
tion of Phosphoric Acid by Precipitation in the Cold,” by W. P. Heath. 
“The Halides of Tantalum,” by Walter K. Van Haag&n. t “Soil Fertility,” 
by F. B. Porter. j. g_ brogdoh, Secretary. 

NEW YORK SECTION. 

The ninth regular meeting of the session of i909-’io was held at the 
Chemists’ Club on June 10th. 

The following papers were presented: Chas. Baskerville and W. A. 
Hamor, “The Examination of Ethyl Ether.” H. C. Sherman, E. C. 
Kendall and E. D. Clark, “An Examination of Present Methods of Deter- 
mining Diastatic Power.” E. C. Kendall and H. C. Sherman, “A Study 
of the Action of Pancreatic Amylase.” F. J. Pond, “A Case of Iron 
Corrosion.” Arthur E. Hill, “A Note on the Constancy of the Solubility 

Product.” c. M Joyce, Secretary. 


DECEASED MEMBERS. 

George F. Barker, May 24, 1910, Philadelphia, Pa. 
Stanislao Cannizzaro, May 10, 1910, Rome, Italy. 
Franklin C. Robinson, May 25, 1910, Brunswick, Maine. 
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Proceedings. 

COUNCIL. 

MEMBERS ELECTED BETWEEN JUNE 1 5TH AND JULY 15TH. 

Alarine, W. S., care Satnpo Coal Co., Hanna, Carbon Co., Wyo. 
Arbuckle Brothers, 71 Water St., N( w York City. 

Arthur D, Little, Inc., 93 Broad St., Boston, Mass. 

Baker, H. J. & Bro., 100 William St., New York City. 

Bartow, Win. R., 207 Oneida St., Utica, N. Y. 

Benzinger, R., 1219 Chestnut St., Oakland, Cal. 

Bemreuter, W., State Water Survey, Urbana, 111 . 

Bouton, Craig M., B reckon ridge, Colo. 

Chemical Products Co., 93 Broad St., Boston, Mass. 

Cook, Carl L., 77 Carl St., San Francisco, Cal. 

Copes, Louis G., 1216 N. Frazier St , Philadelphia, Pa. 

Dick, M. Everett, Holland, Mich. 

Fuller, George P., 7 Alfred St., Medford, Mass. 

* Hammer, R. F., 807 W Church St., Champaign, 111 . 

Johnston, W. Armour, jr., Princes Bay, New York City. 

Leeds. John J., care S. & L. Rubber Co , Chester, Pa. 

Lester, Charles, 1664 Mance St., Montreal, P. Q., Canada. 

Osgood, George 1 )., Hope dale, Mass. 

Paisley, John W., 477 West 145th St., New York City. 

Perry, Cvrus W., 62 Pine St., Rutland, Vermont. 

Peter Cooper’s Fertilizer, in Broad wa\ , New York City. 

Phillips, Alex. W., care Sinnenmhoning Powde r Mfg. Co , Sinnemahon- 
ing, Pa. 

Salomon, Ben L., 3020 Mt. Vernon Aw., Milwaukee, Wis. 

Stock, G. M., 5610 Clifton Ave., Baltimore, Md. 

Stoner, Wm. II., 534 IJ. Marshall St., Norristown, Pa. 

Strauss (Miss) Anna B., 377 Woodlawn Ave., Buffalo, N. Y. 

Strosacker, Charles J . Midland, Mich. 

Swift, Thos. B., Martinez, Cal. 

Vekander, Andrew, Box 5^7, Petaluma, Cal. 

BOARD OF DIRECTORS. 

A Directors' meeting was held at the Chemists’ Club, New York City, 
at 8.30 p.m., June 24, 1910, with Directors Bancroft, Halloek, Parker, 
Love, Little and Parsons present. 

It was voted to allow W. D. Richardson .sixty dollars per month for 
clerical expenses while he continues in charge of the advertising and 
thirty dollars per month thereafter. 

It was voted to instruct the Finance Committee to approve such bills 
as may be necessary to cover the printing of advertisements in the Journal 
of Industrial and Engineering Chemistry. 

It was voted to add one hundred and fifty dollars to Back Number 
Account for the purpose of reprinting certain numbers of the Journal in 
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Vols. 3, 4 and 5 that were necessary to complete sets for which orders 
were already on hand. 

In pursuance of a vote of the Council at Boston to the effect that the 
Directory of the Society be issued as a separate and that the Directors 
lay down conditions which shall properly safeguard the use of the list 
from those who wish it for advertising purposes, the Directors voted as 
follows: 

A. That a single copy of the list may be sent gratuitously to 

1. Regular advertisers in our publications but only for their own use. 

2. Officers or committees of the Society for Society purposes. 

3. Other scientific, benevolent or educational societies in exchange 
for their own list where same is desired. 

B. That on payment of twenty-five cents to cover cost of printing 
and mailing it may be sent to any member of the Society on signed ap- 
plication therefor stating that the member desires it for his own personal 
use and that he will not loan or dispose of it to any firm or to any other 
individual to be used for advertising purposes. 

C. That it may be sold by the Secretary to any firm or individual for 
ten dollars. 

It was voted that one thousand dollars be added to that portion of the 
Budget applying to the printing of Chemical Abstracts. 

It was voted that the conditions for free advertisements in the Journal 
of the American Chemical Society for members seeking employment be 
changed so as to limit the amount of free insertion to a one-half inch space 
and to two consecutive insertions but that a third insertion might be 
allowed upon special request, the change to go into effect on September 
1st. 

It was voted that the price of Volume 3 of Chemical Abstracts be ad- 
vanced to ten dollars to members and twelve dollars to non-members of 
the Society. 

The Secretary was instructed to secure sample pages of the Journal of 
Industrial and Engineering Chemistry printed in 8, 9, and 10 point type 
for comparison to be submitted to the Directors at a later meeting in order 
that they might pass intelligently upon the subject referred to them by 
the Council. 

The meeting then adjourned. 

Charles L. Parsons, Secretary . 

MEETINGS OF THE SECTIONS. 

[Full accounts of all meetings should be senl to Secretary Charles L. Parsons, Dur- 
ham, N. H.] 

PUGET SOUND SECTION. 

The seventh regular meeting was held at the “ Faculty Club House/' 
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University of Washington, Saturday, March 26th, at 6.30 p.m. Dr. 
Horace G. Byers addressed the Section on “Some Chemical Curiosities.” 
After the address the Section visited the new chemical laboratories of 
the University of Washington. 

The eighth regular meeting was held at the Engineers* Laboratory, 
City Hall, Saturday, May 28th, at 8 p.m. Mr. C. J. Moore, Assistant 
City Engineer, addressed the Section on “Some Notes on the Installation 
and Operation of the 60-Ton Refuse Destructor at Lake Union.* * 

A. Jacobsen, Secretary. 

ST. LOUIS SECTION. 

The regular June meeting of the Section was held on the 13th at the 
St. Louis Academy of Science Building. The subject for the evening 
was “The National Pure Food Law,’* which was extensively discussed 
both from a chemical and from an executive point of view by Mr. D. B. 
Bisbee, Chief of the Food Inspection Laboratory, St. Louis. 

R Norris Shkkvf., Secretary . 


SYRACUSE SECTION. 

The 59th meeting took place at Frenchman’s Island, Oneida Lake, on 
Saturday afternoon, June 18th, in the following picnic fashion: 

2.30 p.m. -Left for Frenchman’s Island, via South Bay, arriving at 3.45. 

4.00 p.m. — Ball game between the Has-Beens of the Halcomb Steel 
Works and the Never-Wases of the Solvav Process Co. 

6.00 p.m* — S upper continuing, until provisions were gone. 

7.00 p.m. — Formal installation of officers for ensuing year. 

President , E. N. Pattee; Vice-President , F. E. Englehart; Secretary, 

W. II. McLauchlan; Treasurer , L. M. Fenner; Natl Councilor , J. D. 
Pennock. 

8.00 p.m.-* First detachment leaves for Syracuse. 

W H McLauchlan, Secretary . 


DECEASED MEMBER. 

Dr. Wm. H. Seaman, June 10th, Washington, D. C. 

Stanislao Cannizzaro. 

On May 10, 1910, the American Chemical Society lost by death one of 
its most distinguished foreign members, Stanislao Cannizzaro. He was 
bom in Palermo, July 13, 1826, where his father was president of the 
High Court of Chancery. During the revolution of 1848 Cannizzaro, a 
youth of twenty- two, espoused the cause of the patriots and became a 
member of the Sicilian Parliament, and an officer of artillery. On the 
collapse of the Sicilian movement he managed to escape capture and 
found his way to Marseilles, and thence with the aid of friends to Paris. 



98 


He had already been an assistant in the laboratory of Piria, and Cahours 
now found him a place under Chevreul, where he worked in codperation 
with Cloez. In 1851 he was appointed to a professorship of chemistry at 
Alexandria in Piedmont; in 1855 he was called to a chair at Genoa, and 
thence in 1861 to Palermo, where he remained ten years. In 1871 he was 
transferred to the University of Rome and made a senator of the King- 
dom, an appreciation of intellectual merit for which America can offer no 
equivalent. At Rome the remainder of his life, nearly forty years, was 
spent, and under his inspiration many of the most famous Italian chem- 
ists received their training. 

In the great transition from the chemistry of the Berzelian period to 
the chemistry of to-day, Cannizzaro was perhaps the central figure. Dur- 
ing the decade previous to 1858, chemical theory was in almost a state of 
chaos; nothing seemed to be settled, the noise of inconclusive controver- 
sies filled the air. In 1858, however, Cannizzaro published a 44 Summary 
of a Course of Chemical Philosophy ” which completely changed the 
aspect of affairs. In this summary the modern system of atomic weights 
was proposed, which brought the Daltonian constants into harmony with 
the long neglected law of Avogadro, and the specific heat regularities dis- 
covered by Dulong and Petit. A new system of chemical formulae at 
once replaced the old; the theory of valence assumed shape; the ideas of 
chemists relative to constitution and structure weife clarified. Modern 
chemistry was born the day that the summary was published, and soon 
grew into the vast philosophy of our own time. The change that Canniz- 
zaro brought about made all the other changes possible. 

Cannizzaro was not a voluminous writer, but his work more than made 
up in quality what it lacked in bulk. He was essentially an organic 
chemist. At Paris, with Cloez, he began the study of the amines, and 
discovered cyanamide. Later, while at Alexandria, he discovered benzyl 
alcohol and worked on anisic alcohol with Bertagnini. Practically all of 
his later studies related to aromatic compounds, and especially to santonin 
and its derivatives. His active career as an investigator seems to have 
ended in 1896, when, with Andreocci, he published a research upon the 
constitution of dimethylnaphthol. 

Cannizzaro was the recipient of many honors. He was elected into the 
great academies of the world, and had honorary membership in the 
American, British and German Chemical Societies. In 1891 the, Royal 
Society of London gave him its highest recognition, the Copley medal. 
All these honors were well deserved, for the work of Cannizzaro marked 
an epoch in the history of chemistry. , F. W. Clakkb. 
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MINUTES OF THE FORTY -SECOND GENERAL MEETING OF THE 
AMERICAN CHEMICAL SOCIETY. 

The meeting of the American Chemical Society in San Francisco and 
the sight-seeing and entertainments enjoyed there and en route will al- 
ways be remembered by those who attended as one of the most pleasant 
memories of their lives. 

The members taking the v special train, some 110 in number, gathered 
at the La Salle Hotel in Chicago on July 4th, where they were entertained 
at luncheon as the guests of the Chicago Section. 

The special train, furnished bv the Santa Fe Road, was especially com- 
posed of the Pullman Company’s finest equipment, electric-lighted through- 
out, with observation, library and buffet cars. 

The first stop was made at Colorado Springs, where most of the mem- 
bers took the trip to Pike’s Peak and to the Garden of the Gods, while 
others contented themselves with the attractions around Manitou and 
the Cheyenne Canyon. 

On the following morning the train stopped for a short period only 
at Albuquerque and reached Adamana at 1 o’clock, where carriages 
and wagons were in waiting to take the party to the Petrified Forest, 
some twelve miles distant. Although the sun shone brightly, no incon- 
venience was experienced, owing to the altitude and the dryness of the 
atmosphere, and all were repaid by the wonders awaiting them. 

The following afternoon, July qth, was spent in driving around Red- 
lands and in aulotnobiling through the orchards and palm-grown avenues 
of Riverside. The party had already been met at the Grand Canyon 
by Mr. Ralph A. Gould, chairman of the local committee, welcoming 
them to the State of California on the part of the California Section, 
and just before reaching Riverside a committee of chemists from Los 
Angeles met the train and outlined the entertainment to be given by 
the Los Angeles chemists on the following day. 

July 10th was spent in and around Los Angeles as guests of the local 
chemists, visiting Pasadena, the San Gabriel Mission and Long Beach, 
and dinner was served at a pleasant resort on the seashore. In the eve- 
ning the visiting members were entertained with a reception and dinner 
at the Sierra Madre Club and retired at a late hour to the special train, 
awaking in the morning at Lang, California. Here the party became 
the guests of the Sterling Borax Company, visiting their mines on a spe- 
cial train provided for the purpose, and each member received an inter- 
esting souvenir of the trip. 
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That afternoon and evening were spent at Santa Barbara, where a 
carriage drive was taken and the Santa Barbara Mission visited. 

Early the next morning as the party approached Salinas the greatest 
excitement of the whole trip was furnished by the wrecking of the spe- 
cial train, which ran off the track in rounding a curve, completely de- 
stroying the engine and three cars. Fortunately none of the party was 
seriously hurt, although those in the forward part of the train were se- 
verely shaken up. After about three hours* delay, the party proceeded 
to San Jos6, where they were met by many members of the California 
Section and were entertained at lunch at the Vendome Hotel. Leav- 
ing again for San Francisco, the train was found full of bouquets of sweet 
peas and baskets of fruit presented to the ladies of the party by the San 
Jos6 Chamber of Commerce. 

At 6 o*clock, July 12th, the party arrived in San Francisco and from 
that time on the hospitality of the California Section was boundless. 
Every detail had been attended to by the Local Committee. Each mem- 
ber was immediately taken to a taxicab, carried to his hotel, and special 
vans were waiting for the baggage, which, without any attention on the 
part of the visiting members, was soon found awaiting them in their 
rooms. On arrival at the hotel, ladies found bouquets of roses await- 
ing them. 

On Wednesday morning, July 14th, the 42d General Meeting was called 
to order by President Bancroft in the St. Francis Hotel. Alter an address 
of welcome by Arthur Lachman for the California Section, responded to 
by President Bancroft, the following addresses were delivered in general 
session. 

Positive Photography. Illustrated with lantern slides. W. D. Bancroft. 

Liquid Ammonia as a Solvent and the Ammonia System of Adds, Bases and Salts. 
Edw. C. Franklin. 

Chemistry in the Bureau of Standards. W. F. Hillebrand. 

The Use of Sodium Benzoate as a Preservative of Food. H. E. Barnard. 

At the same time a ladies’ reception was held in the parlors of the St. 
Francis Hotel. 

After luncheon the members present and their guests enjoyed an ex- 
cursion over the Ocean Shore Railroad to Half Moon Bay and Tunitas 
Glen, returning in time for the smoker held in the Fairmont Hotel, and 
the ladies* theater party. A hot supper had been promised at the smoker 
and all who partook of the tamales and heard the Chinese music were 
ready to acknowledge that the adjective was quite descriptive. 

On Thursday morning the meetings of the Divisions were held in the 
St. Francis Hotel, and many interesting papers were presented. The 
Syirq^osium on Smelter Smoke before the Industrial Division excited 
special interest. 
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After luncheon all attending the meeting enjoyed one of the most 
pleasant excursions of the trip, made by special train to the top of Mt. 
Tamalpais and through the Muir Woods, and the members were enter- 
tained at a banquet during the evening on the top of the mountain. 
Several of the members remained all night, coming down the mountain 
on the following morning in gravity cars. This grove of redwoods, named 
after John Muir, is probably one of the most beautiful bits of scenery 
in the immediate vicinity of San Francisco, and the ride to the top of 
the mountain with the changing interest of foliage and panorama of 
hill, valley, bay and distant city of San Francisco was apprecia ed by 
all 

Friday morning was spent at the University of California in Berke- 
ley, mainly in an examination of the various buildings, laboratories 
and campus of this beautifully-situated institution. 

The party then took a special steamer as the guests of the Selby Smelt- 
ing and Lead Company, being entertained at luncehon by the Com- 
pany and afterwards conducted through their plant, where the various 
processes of lead smelting arid the recovery of gold and silver therefrom 
were explained. One of the chief attractions of this plant was the op- 
portunity given to view the new Cottrell precipitating apparatus in- 
stalled for he purpose of removing sulphur trioxide and any other solids 
or liquids present in smelter smoke. 

After returning to San Francisco, the evening was spent in a visit to 
Chinatovm, where at 10 o’clock all were entertained at a Chinese colla- 
tion of tea and sweets serv ed in a Chinese restaurant to music which 
the Local Committee characterized as sweet. 

Saturday morning was devoted to divis onal meetings at which the 
remaining papers on the program were read. 

In the afternoon at 2’oclock the members were treated to an auto- 
mobile ride over Buena Vista Heights, through the Golden Gate Park 
to the ocean beach and the Cliff House, returning through the Presidio 
and the residential section of San Francisco. 

In the evening the members all assembled for the main banquet of 
the week in the St Francis Hotel, at which all of the ladies attending 
were guests. About 250 sat down to the banquet, which will long be 
remembered by all present. 

On July 17th, the party, as the guests of the Italian-Swiss Colony, 
took a special train to Asti, where an unusually pleasant day was en- 
joyed in examining the vineyards and wineries of this well-known sec- 
tion. The lunch was served outdoors in unusually attractive pergolas. 
The party returned to San Francisco early in the evening and were given, 
almost for the first time, opportunity to sleep. 
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On the following morning, July 18th, an excursion was taken by steamer 
up the Sacramento River to Sacramento through the wonderfully fertile 
fields of the Sacramento Valley, between levees so high that the party 
was obliged to view the country from the upper deck of the steamer. 
The general aspect was much like that of portions of Holland. Return- 
ing from Sacramento by train, the party reached San Francisco late 
in the evening, having been royally entertained. Many, however, took 
train at Sacramento for the north. 

On Tuesday, July 19th, a special steamer was provided for those who 
remained to visit and examine the various points of interest around 
San Francisco Bay. 

Following the meeting in San Francisco, the members returned to 
their homes by various routes, but some thirty traveled northward by 
invitation of the Puget Sound Section to visit Seattle and obtain a 
view of the Northern Pacific Coast scenery. Arriving in Seattle on the 
morning of the 21st, the party was met by President Falkenburg, of 
the Puget Sound Section, Horace G. Byers, Councilor of the Section, 
President Kane, of Washington University, and others, who welcomed 
them as the guests of the Puget Sound Section. 

On arrival the ladies were supplied with bouquets of dahlias, and shortly 
afterwards all started on an automobile trip which covered all parts of 
the city, both business and residential, and included the beautiful grounds 
of Washington University. 

At the end of the drive the party was lunched at the Commercial 
Club, after which they immediately left on a chartered steamer for a 
trip around Puget Sound. The first stopping-point was the plant of 
the Pacific Creosoting Company, where the party left the boat and in- 
spected the largest creosoting plant in the world. Returning, a stop 
was made at the Navy Yard, where battleships and armored cruisers 
were examined, and then the party proceeded to Tacoma, where a de- 
lightful lunch was served under the enormous trees of the Tacoma City 
Park. By the courtesy of the Board of Park Commissioners, the party 
was well supplied with roses and given permission to pick all the sweet 
peas they could carry away. 

From Seattle some of the party came east via Vancouver and the Cana- 
dian Rockies, while others came over the Northern Pacific, visiting the 
Yellowstone National Park. 

Unusual enthusiasm was shown throughout the whole meeting and 
many new western members were added to the Society, which now has 
a membership of over five thousand. 

290 members and guests registered for the meeting. 

120 papers were presented at the meeting embodying new chemical 
research, many of them reporting very important results. 
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The programs presented before the various divisional meetings were 
as follows : 

Division of Agricultural and Food Chemistry. 

The minutes and program of this Division will be found in the 
Journal of Industrial and Engineering Chemistry . 

Division of Industrial Chemists and Chemical Engineers. 

A special feature of the program was the Symposium on Smelter Smoke, 
opened by the following three papers: 

The Smoke Problem and the Community. Charles Baskerville. 

The Neutralization and Filtration of Smelter Smoke. W. C. Ebaugh. 

The Electrical Precipitation of Suspended Matter. F. O. Cottrell. 

Details in regard to this symposium and the remainder of the papers 
presented before the Division will be found in the August number of 
the Journal of Industrial and Engineering Chemistry. 

Division of Physical and Inorganic Chemistry. 

The following papers were presented to the Division : 

Further Studies on the Action of Ammonia upon Ethylphospho-platino chloride. 
Clias H. Herty and Hamden Hill. 

Stratification in Susjjensions. F. K. Cameron and E. E. Free. 

The Rate of Consolidation of Kaolin Precipitates. F. K. Cameron and E. K. 
Free. 

The Action of Alkalis on Kaolin Suspensions. F. K. Cameron and E K. Free. 
The Temperatures of the Carborundum Furnaces. Wilder D. Bancroft. 
Salvaging Sulfated Storage Cells Wilder J>. Bancroft. 

The Silver Coulometer. G. 1 ). Buckner and G. A. Hulett. 

Occlusions in Electrolytic Silver. J. S. Laird and G A. Hulett. 

An Exact Electrolytic Method for Determining Some Metals W. L. Perdue 
and G. A. Hulett. 

Cadmium Sulphate and the Atomic Weight of Cadmium. W. L. Perdue and 
G A. ifulett. 

Equilibrium in the System KI, I and Aqueous Alcohol. C. L. Parsons and II. 
P. Corliss. 

The Solubility of Barium Nitrate in Solutions of Barium Hydroxide. C. L. 
Parsons and H. P. Corson. 

The Solubility of Strontium Nitrate in Solutions of Strontium Hydrdscide. C. 
L. Parsons and C. L. Perkins. 

A Common Thermometric Error in Determining Boiling Points under Reduced 
Pressure. Alexander Smith. 

A Convenient Form of Vapor Density Apparatus. Alan W. C. Menzies. 

Basic Nitrates of Yttrium. Chas. James and L. A. Pratt. 

The Systems, Lime- Water-Sugar, and Lime- Water-Glycerine at 25 0 C. F. K. 
Cameron and H. E. Patten. 

Phosphates of Lime, IV. F. K. Cameron and J. M. Bell. 

Heats of Neutralization in Non-aqueous Solutions. J. Howard Mathews. 
Compatative Analyses of Water from Great Salt Lake. Wallace Macfarlane. 

A Suggestion for Instructors in Quantitative Analysis. W. C. Ebaugh. 

A Reported Occurrence of Native Iron. W. C. Ebaugh. 



io4 


Improvements in Molecular Weight Determinations by the Boiling Point Method. 
L. B. Shipley and J. 0 . Ziebolz. 

The Influence of Organic Liquids upon the Interaction of Hydrogen Sulflde and 
Sulfur Dioxide. David Klein. 

Some Interrelations of the Carbide and Nitride of Magnesium. F. G. Cottrell. 

Determination of the Vapor Pressure of Slightly Volatile Solids. H. V. Welch. 

Preparation of Pure Anhydrous Ethyl Alcohol. E. C. McKelvy. 

Rapid Determination of Mercury, Silver, Bismuth and Copper by means of Sta- 
tionary Electrodes. R. C. Benner. 

The Atomic Weight of Tantalum. Clarence W. Balke. 

Concerning the Molecular Weight of Sulphur Vapor. O, K Stafford. 

A Rotating Graphite Anode. J. W. Turrentine. 

Apparatus for the Determination of Arsenic. Otis D. Swett. 

Behavior of Certain Hydrazine Salts in Liquid Ammonia. A W. Browne and 
A. E. Houlehan. 

Electrolysis of Solutions of Potassium Amide and of Ammonium Trinitride in 
Liquid Ammonia. A. W. Browne and M. E. Holmes. 

Electrolytic Corrosion of Various Metallic Anodes in a Solution of Ammonium 
Trinitride in Liquid -Ammonia. A. W. Browne, M. E. Holmes and J. S. King, Jr. 

The Examination of Ethyl Ether: (u) A Study of the Tests for Odor, Residue, 
Acidity and Sulphur Compounds in Ethyl Ether (b) The Tests for the Presence 
¥ of Water and Alcohol in Ethyl Ether, (r) On the Changes Occurring in Stored Ether 
and on the Existence of Ethenol in Ethyl Ktliet (J) The Tests for the Presence 
of Peroxides and Acetaldehyde in Ethyl Ether, (e) On Some New Tests for the De 
tection of Peroxides in Ethyl Ether. (/) The Examination of Ethyl Ether intended 
for Anesthetic and Reagent Purposes; the Degrees of Purity of American Ethers, 
and Recommendations for the Standardization of Anesthetic Ether. Charles Basket - 
ville and W. A. Hamor. 

Mechanical Stimulus to Crystallization. S. W. Young. 

Zinc Ammonium Sulfate. Eloise Jameson. 

The Viscosity of Liquid Ammonia, Sulfur Dioxide and Methyl Amine F. F 
Fitzgerald. 

Electrical Conductivity of Solutions in Methyl Amine and Ethyl Amine. F. F 
Fitzgerald. 

Conductivity of Some Solutions in Ammonia Water Mixtures. Wm. H. Sloan. 

Cuprous Nitrate, Wm. H. Sloan. 

Potassium Ammono-plumbite; Potassium Amraono cobaltate; Potassium Am- 
mono-nickelate. E. C. Franklin and G. S Bohart. 

Chemical Valence and Atomic Charge. Fernando Sanford. 

Division of Orga&c Chemistry. 

The Division was presided over by Professor Moses Gomberg acting 
for President E. C. Franklin, and H. C. Biddle was elected Secretary. 
A memorial of Dr. H. A. Torrey, a member of the Executive Committee, 
was read and ordered recorded in the minutes. The following papers 
were presented to the Division. 

1. Action of Acetic Anhydride on £-Methoxy Phenyl Propiolic Add and on 
Methylene Ether of 3-4 Dihoxy Phenyl Propiolic Add. Maurice L. Dolt, 

2. The Constitution of the Oxonium Salts. M. Gomberg. 

3. Action of Amines on Phtbalic Add, VII. Phthalamidic Adds Containing 
Cl or NO, in the Benzene Nucleus. J. Bishop Tingle and S. J. Bates. 



105 

4 Camphoroxalic Add, XIII. Action of Amines on Camphoroxalic Add. J. 
Bishop Tingle and S. J. Bates. 

5. Stilbazoles in the Quinazoline Group. M. T. Bogert and G. D. Beal. 

6. Isocampholactone. W. A. Noyes and A. W. Homberger. 

7. Separation of o,o-Dimethyl Adipic Acid into its Optical Isomers and the 
Synthesis of Laurolene. W. A. Noyes and L. P. Kyriakides. 

8. Derivatives of Isocamphoric Acid. W. A. Noyes and Luther Knight. 

9. Decomposition of Nitrosophthalaliniidine in the Presence of Alcohol. W. 
A. Noyes and James A. Coss. 

10. Conversion of Quinine into Quinotoxime. H. C. Biddle. 

11. Metathetical Reactions, Ethyl Thioureas and their Relation to Pseudo-am- 
monium Bases. 

12. The Unsaturated Character of the Resin of Pinus Sabiniana Chas. H. Herty 
and E. N. Tillett. 

13. A Study of the Resene of Pinus Heterophylla. Chas. H. Herty, W. A. Houck 
and T. P. Nash. 

Numbers 1, 2, 7, 8, jo, ii, 12 and 13 were read and discussed while the 
others were presented by title only. 

Division of Pharmaceutical Chemistry. 

The minutes and program of this Division will be found in the Journal 
0} Industrial and Engineering Chemistry. 

Charles I,. Parsons, Secretary. 


COUNCIL MEETING. 

The meeting of the Council was called to order by President Wilder 
D. Bancroft at 9 o'clock, July 12th, in the Green Room of the St. Francis 
Hotel, with the following members of the Council present: W. D. Ban- 
croft, C. L. Parsons, C. H. Herty, G. B. Frankforter, A. P. Hallock, F. 
K. Cameron, F. B. Porter (for W. P. Heath), A. M. Comey (for W. T. 
•Taggart), A. M. Patterson, H. K. Barnard, Felix Lengfeld, li. McCor- 
mack (for W. R. Smith), W. L. Dudley, W. F. Hillebrand, G. P. Adam- 
son, W, R. Whitney, C. F. Crowley (for S. Avery), Alex. Smith, W. A. 
Noyes, H. G. Byers, L. H. Baekeland, F. E. Gallagher (for H. J. Skinner), 
and M. Gomberg. 

Letters from absent members and others, addressed to the Council* 
were read by the Secretary. 

Chairman W. F. Hillebrand, of the Committee on Standard Methods 
of Analysis, presented a report in regard to the organization of the various 
committees engaged in standardizing methods of analysis. He stated 
that owing to the confusion and duplication which had already begun 
to creep into the work of the General Society and its various Divisions, 
extensive conferences had been held with the President of the Society, 
the chairmen and members of the central committee, the chairmen of the 
Industrial and Fertilizer Divisions and the divisional committees and 
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others and as a result thereof a working scheme had been evolved which 
was seemingly satisfactory in principle to all who had taken part in the 
correspondence. He presented full lists of the various committees and 
showed wherein the duplication and confusion was arising and after care- 
ful and thorough discussion by the Council the following resolutions were 
unanimously adopted for the future government of these committees: 

Resolutions Governing Committees of the American Chemical Society, 
and of Its Divisions, Having to do with the Stand- 
ardization of Methods of Analysis. 

j. Resolved , The name of the Committee on Standard Methods of 
Analysis (formerly Committee on Uniformity in Technical Analysis) 
shall be hereafter Supervisory Committee on Standard Methods of 
Analysis. 

The nucleus of the committee shall consist of four members who are 
not chairmen of subordinate committees. In addition the chairmen 
of all committees in any way subject to its control shall have the right 
to deliberate and vote with the committee in all matters concerning the 
work of their respective committees, and on such additional matters 
as may be hereinafter specified, and they shall be to such extent mem- 
bers of the committee. 

The Supervisory Committee shall remain, as heretofore, under the 
control of the Council of the Society, but shall be a committee with 
power. 

Nominations to fill vacancies in the nucleus of tljc committee shall 
emanate from the full committee and shall be transmitted through the 
President to the Council for action at a regular meeting, except that 
an interim appointment may, on request from a majority of the full 
committee, proceed from the President. 

In case of lack of agreement by the committee the President shall 
himself present nominations to the Council and may, in such case also, 
make interim appointments on his dton responsibility. 

2 . Resolved , That the functions of this committee shall be as follows: 

(a) To exercise control of the work of all subordinate committees, 
to the extent of preventing duplication of work and securing consistency 
in the form of publication of reports. 

(b) To examine all reports of divisional or other committees in any 
way subject to it that are in any way, final in the sense of recommending 
methods or parts of methods for general use. This involves the right 
to reject entirely such reports or to return them to the committee from 
which they emanate for such revision as may seem called for. It is as- 
sumed that no unduly arbitrary action will be taken in either of these 
directions, but that any decision rendered will be with a view to uphold 
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the reputation of American chemists and the dignity of the American 
Chemical Society under whose sponsorship the reports may be published 
eventually. 

J. Resolved , That on passage of the foregoing resolution the existing 
subcommittees of the central committee that is charged with the in- 
vestigation of soaps and soap products pass at once, as now constituted, 
under the control of the Industrial Division, and that the present sub- 
committee on phosphate rock cease to exist as such, and that its accumu- 
lated data be placed by its chairman at the disposal of the corresponding 
committee of the Fertilizer Division. 

4. Resolved , That the foregoing resolution does not abrogate the 
right of the Supervisory Committee to appoint special subcommittees 
on lines of work not represented by Divisions of the Society, these sub- 
committees to be responsible as in the past wholly to the Supervisory 
Committee. 

5. Resolved , That divisional committees having to do with methods 
of analysis, including that transferred by Resolution 3, shall have full 
power under the control of their respective Divisions, to initiate and 
prosecute work, and to publish reports of progress. 

Final reports, however, or such as recommend methods or parts of 
methods, for general use, shall be submitted by the chairman of the divi- 
sional committee to the Supervisory Committee for special consideration. 
Only on approval by this committee, except as hereinafter provided for, 
may such reports be published, subject to the usual submission to the 
Board of Editors of one or another of the Society's publications. 

If the Supervisory Committee fail within three months to approve 
or reject a report submitted to it, the President of the Society (acting 
with the advice of the editors-in-chief of the Society's publications, 
and of the chairman of the Division concerned) shall be the final judge 
of its disposition. Acceptance or rejection by the Supervisory Committee 
within the time limit shall be finSl. 

6. Resolved , That final reports, if published, shall appear as emanating 
from the particular Division or subcommittee concerned, with the ap- 
proval of the Supervisory Committee (or of the President of the Society 
in lieu of approval by the Supervisory Committee as called for in the fore- 
going resolution), and that they shall be signed by or appear under the 
name of a majority of the committee under whose supervision they shall 
have been prepared. 

7. Resolved , That the Divisions of. the Society may in their judgment 
appoint either general committees vested with power to appoint and 
control subcommittees within the Division, or separate codrdinate com- 
mittees for different kinds of work, but in the former case only the chair- 
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man of the general committee shall have the restricted membership in 
the Supervisory Committee set forth in Resolution x. 

8 . Resolved , That the chairmen of all divisional committees of first 
rank shall, before a given line of work is undertaken, notify the chairman 
of the Supervisory Committee of the character and scope of the contem- 
plated work, in order that duplication by different Divisions may be 
avoided. In case of impending duplication and subsequent inability 
of the Divisions interested to come to an agreement the matter shall be 
decided by the Supervisory Committee, 

In order to aid the chairman of the Supervisory Committee in the 
preparation of his annual report to the Council, the chairman of all divi- 
sional committees of first rank, and of special committees not under con- 
trol of Divisions of the Society, shall each year upon call submit to him 
a brief report of work in progress or about to be undertaken in their 
respective committees. 

Said chairmen shall further report to the chairman of the Supervisory 
Committee at the earliest possible moment the correct names of their 
own committees and subcommittees with a list of their members, and 
shall notify him of all changes made. 

9. Resolved , That joint committees of this Society with other socie- 
ties, shall report to the Supervisory Committee on Standard Methods 
of Analysis in the same way as has been prescribed in Resolutions 5 and 
8 for divisional committees, and that the senior member by appoint- 
ment from the American Chemical Society shall have the same rights 
and privileges in the Supervisory Committee as a chairman of a divis- 
ional committee. 

jo. Resolved , That in endeavoring to promote improvement in analyt- 
ical methods the American Chemical Society does not contemplate mak- 
ing the use of such methods as may be recommended by its committees 
obligatory on any one, and, further, that no method recommended is 
to be considered as final, but simply, as representing the best that can 
be done at the stated time. It is expected, as a matter of course, that 
revision will be exercised as knowledge and experience grow. 

xz. Resolved , That all previous resolutions conflicting in part or wholly 
with the foregoing Resolutions 1-10, are hereby repealed. 

The Council voted to appoint a Committee on Chemical Museum as 
requested by the New York Section, and President Bancroft appointed 
Morris Loeb, Chairman, Victor Coblentz, Moses Gomberg, Jacob Hass- 
lacher and Ralph H. McKee. 

A letter was presented from Professor W. R. Omdorff hj regard to the 
i^Bo-day rule, and the Council instructed the Secretary to inform Professor 
4 , Omdorff that the rule was essential to the proper conduct of the Society 
and could not be abrogated. 
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It was voted to hold the winter meeting, igxo-’ii , at Minneapolis at 
the same time as the meeting of the American Association for the Ad- 
vancement of Science. 

Several invitations for the summer meeting of 1911 were presented 
to the Council and after careful discussion of the matter it was voted 
that the summer meeting for 1911 should be held in Indianapolis, the 
date for the same being left to the President and the Secretary with power. 

The committee appointed to consider the publication of a new Journal 
of Agricultural and Food Chemistry reported progress and their opinion 
that it would not be possible to start such a journal before January, 
1912. It was voted that an extension of time be granted to the committee, 
which would report again at the next annual meeting. 

It was voted that the Council of the American Chemical Society en- 
dorsed the creation of a National Department of Health and that a com- 
mittee be appointed to draw up suitable resolutions to be presented to 
the proper authorities. President Bancroft appointed Edw. C. Franklin, 
Charles F. Crowley and H. E. Barnard. 

Communications were read from Mr. H. L. Taylor, of the Educational 
Department of New York State, in regard to the formation of a joint 
committee on spelling with other associations in order that greater uni- 
formity in chemical spelling might be adopted. After discussion the 
Council voted that the matter be referred with power to the Board of 
Editors of the Journal of the American Chemical Society to confer with 
the committee mentioned by Mr. Taylor and to proceed as circumstances 
may warrant. 

An application being received from twenty members in good standing, 
as required by the Constitution, it was voted to grant a charter to a new 
Section to be formed in territory within a radius of seventy miles of 
Pullman, Washington, said charter to become effective when a descrip- 
tive geographical name for the Section was decided upon. The Secre- 
tary was authorized to pass upon the matter for the Council. 

The by-laws of the Pharmaceutical Division, passed by the Division 
at the Boston Meeting, were approved by the Council. 

It was voted to accept the invitation of the Supervisory Board of 
the American Year Book to appoint a member of that Board represent- 
ing the American Society, and the Council voted that the Secretary be 
designated as such. 

The Council directed the Secretary to extend the thanks of the Coun- 
cil and the Society to the Chicago Section and the committee in charge 
of the entertainment at the La Salle Hotel; to the Los Angeles members 
through the committee appointed to represent them; to the Sierra 
Madre Club; to Mr. S. T. Mather and the Sterling Borax Company; 
to the San Jos€ Chamber of Commerce ; to Ralph A. Gould, S. W. Young, 
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Felix Lengfeld, W. C. Blasdale, F. T. Green, B. S. Drake, A. A. Hanks, 
Arthur Lachraan . and the committees of which they were chairmen; 
to the California Section; to P. C. Rossi, President of the Italian-Swiss 
Colonies; to Mr. E. B. Braden, of the Selby Smelting and Lead Com- 
pany; to the Puget Sound Section and the committee representing them, 
for the overwhelming hospitality that has already been outlined in the 
general Proceedings. 

By request of the President of the Second National Conservation 
Congress, President Bancroft has appointed to represent the American 
Chemical Society in that Congress: G. B. Frankforter, Marston T. Bogert, 
C. F. McKenna, F. G. Cottrell, W. C. Ebaugh. 

The meeting then adjourned. 

Charges L. Parsons, Secretary . 

MEMBERS ELECTED BETWEEN JULY 1 5TH AND AUGUST 15TH. 

Agraz, Juan S., 6 a del Cipres 176, City of Mexico, Mexico. 

Akers, Harry G., 447 Jarvis St., Toronto, Canada. 

Anaconda Copper Mining Co., Anaconda, Mont. 

Ball, Theodore R., 2625 Cottage Grove Ave., Des Moines, la. 

Beifeld, Herbert A., 5172 Michigan Ave., Chicago, 111 . 

Coe, J. E., 802 Ave. A, Dodge City, Kans. 

Crawford, John, Jr., University Club, Portland, Ore. 

Daniels, Vincent I., Box 385, Greeley, Colo. f 

Darling & Co., Union Stock Yards, Chicago, 111 . » 

Deitchman, Hyman, 2013 N. Western Ave., Chicago, 111 . 

Doll, M. G., University Club, Salt Lake City, Utah. 

Dunham, Gardner S., 210 Walnut Place, Syracuse, N. V. 

Dunn, Edgar M., Anaconda, Mont. 

Eaton, Walter, Coram, Calif. 

Elkins, A. W., 2340 Piedmont Ave., Berkeley, Calif. 

Flint, Edward R., Univ. of Florida, Gainesville, Fla. 

Furness, Radclyffe, c/o Midvale Steel Co., Philadelphia, Pa. 

Grageroff, I., Emporium, Pa. 

Gray, Carl W., 815 Park Ave., South Pasadena, Calif. 

Hayward, Lawrence B., 73 Charlotte Ave., Detroit, Mich. 

Irwin, W. H., 1207 N. 26th St., St. Joseph, Mo. 

Johnson, Wellington B., Tabor, la. 

Johnson, Wm. C., 10 Arlington St., South Framingham, Mass. 
Junghandel, Max, Fairmont Hotel, San Francisco, Calif. 

Kirby, W. E., Princeton, N. J. 

Knecht, G., Mission St., San Francisco, Calif. 

Levy. Nathan, 98 Morningside Ave., New York City. 

MacGregor, John R., 9809 South Wood^St., Chicago, 111 . 

MacPherson, Roy P., Sims Hall, Syracuse, N. Y. 

Mashek Chemical and Iron Co., Wells, Mich. 

Maynard, Leonard, Middletown, Conn. 

McNally, Wm. F., Marcellus, N. Y. 

Moeller, Willy, 29 Broadway, New York City. 

Moore, G. Allan, 6034 Prairie Ave,, Chicago, 111 . 
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Morse, Irving H., 230 Terry St., Longmont, Colo. 

Rouse, K. H., Cement, Calif. 

Scott, James W., 71 1 North Sarah St., St. Louis, Mo. 

Selvig, Walter, c/o International Stock Food Co., Minneapolis, Minn. 
Show, John H., c/o Cudahy Packing Co., So. Omaha, Nebr. 

Stalder, Walter, 1412 12th Ave., Oakland, Calif. 

Taylor, Charles E., Drawer M, Penn Yan, N. Y. 

Turner, Wm. D., 7752 Green Si(., Chicago, 111 . 

Uehling, F. F., Passaic, N. J. Sl 

Wahl, Ben., c/o Detroit Sulphiteitylp & Paper Co., Detroit, Mich. 
Wallin, Charles R., Pine Lake, Alberta, Canada. 

Wells, Arthur !{., c/o Garfield Smelter, Garfield, Utah. 

Wildish, James E., Springfield, Mo. 

MEETINGS OF THE SECTIONS. 

[Full accounts of all meetings should he sent to Secretary Charles L Parsons, Dur- 
ham, N. H.] 

MINNESOTA SECTION. 

The 27th regular meeting was held in the Chemical Laboratory of 
the University of Minnesota, on Friday evening, May 20th, at 8 p.m. 
Committees for the meeting of the Society next winter were announced, 
and the following program was rendered: “The Diffusion of Oxygen 
Through (a) Organic Liquids, and ( b ) Solids.” G. B. Frankforter, G. 
W. Walker, and R. S. Callaway. “Irfluence of Traces of Iron, Lead and 
Copper on the Color of Cadmium Sulphide,” G. B. Frankforter and J. 
G. Dietrichson. Francis C. Frary, Secretary. 

PHILADELPHIA SECTION. 

The regular meeting of the Section was held at the Chemical Laboratory 
of Swarthmore College on June i6tli and was preceded by the regular 
dinner, served in the Library of the College. The program consisted of 
an address by I)r. Edgar F. Smith, of the University of Pennsylvania, on 
“Modem Electro-Chemical Analysis,” illustrated by experiments. The 
attendance was unusually large. c s I}RlNXONt secretary 

NORTH CAROLINA SECTION. 

The summer meeting of the Section was held in the Agricultural Build- 
ing at Raleigh on Wednesday, June 22nd, at eleven o’clock a.m. After 
a brief business session the following program was presented. Report: 
“Colloidal Chemistry,” by Duncan MacRae. “The Unsaturated Char- 
acter of the Resins of Pinus Sabiniana ,” by C. H. Ilerty and E. N. Tillett. 
“The Specific Heat of Benzol and Its Saturated Vapor,” by J. E. Mills 
and Duncan MacRae. “The Bleaching of Flour by Nitrogen Peroxide,” 
by W. M. Allen, State Food Chemist. “The Effect of Acids on Ethyl- 
Phospho-Platino-Chloride,” by C. H. Herty and Hampden Hill. “The 
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Specific Heat of Carbon Tetrachloride and Its Saturated Vapor,’’ by J. 
E. Mills and Duncan MacRae. 11 A Study of the Resene of Pinus Hetro- 
phylla ,” by C. H. Herty, W. A. Houck and T. P. Nash. 

Bouton j. rat, Secretary. 

MILWAUKEE SECTION. 

The annual meeting of the Section was held on June 24th, at the Hotel 
Blatz. There was not formal program but a “Kneippe” was held. The 
following officers were elected for the ensuing year: H. W. Rohde, 
Chairman ; F. S. Low, Vice-Chairman ; Ben L. Salomon, Secretary, E. V. 
Manuel, Treasurer ; George N. Prentiss, Councilor. 

The Milwaukee Section held an informal meeting at Whitefish Bay on 
August 12th. Matters of interest and the policy and welfare of the Section 
for the coming year were discussed. 

Bsn L. Salomon, Secretary . 

RHODE ISLAND SECTION. 

The annual meeting and excursion was held on June 25th, the trip 
this year being to the mines of the Rhode Island Coal Co., at Portsmouth. 
Dinner was served upon arrival, and the mines were visited immediately 
after the annual meeting following the dinner. 

Alb**T w. CL’AFLlW. Secretary 
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Proceedings. 

COUNCIL. 

MEMBERS ELECTED BETWEEN AUGUST 15TH AND SEPTEMBER 15TH. 
Alexander, James, 22o8-i5th St., Walbrook, Baltimore, Md. 
Anderson (Mrs.), A.M., Univ. of Chicago, Chicago, 111 . 

Blakstadt, Ragnvald, Stortingsgaden 10, Kristiania, Norway. 
Buckborough, S. A., Evanston, 111 . 

Cope, R. P., 512 W. 65th St., Chicago, 111 . 

Dunbar, B. A., Lidgerwood, No. Dakota. 

Green, Vennis A., 201 Iowa St., Redfield, So. Dakota. 

Keiller, P. A., Colombo Commercial Co., Ltd., Colombo, Ceylon. 
Kurtz, J. M., Parkside, Goshen, Ind. 

Maines, Eugene L., 463 E. Gay St., Columbus, Ohio. 

Nead, Walter H., 1131 N. Custer Ave., Colorado Springs, Colo. 
Rittman, W. K., Planebrook, Chester Co., Pa. 

Sanderson, J. McK., 2013 W. 104th St., Cleveland, Ohio. 

Simkins, George, 640 Maryland Ave., Pittsburg, Pa. 

Speers, J. A., Saskatoon, Saskatchewan, Canada. 

Test, C. D., Golden, Colo. 

Thompson, L. R., Berlin, Wis. 

Timmons, CL D. f Valparaiso, Ind. 

Wang, Yinchang Tsetishan, Univ. of Chicago, Chicago, 111 . 

War man, A. S., 613 Greenup v St., Covington, Ky. 

White, Geor ge F., Richmond College, Richmond, Ya. 


deceased members 

Constantin Fahlberg, Nassau a/d Lahn, (Germany. 

F. A. Gcnth, Jr., Sept. 1st, Lansdowne, Pa. 

Charles A. Goessmann, Sept. 1st, Amherst, Mass. 

M. T. Jones, Jr., East Orange, N. J. 

Albert E. Leach, Aug. 22nd, Denver, Colo. 

George Frederic Barker. 

When the writer of the following paragraphs began the study of chem- 
istry in 1872, his text-book was an " Elementary Chemistry” then in 
its tenth edition, written by the subject of this article. At the time the 
writer never dreamed that he was to become a colleague of this distin- 
guished scientist, nor did it occur to him for a moment that at a later 
period he would be called upon to write in memory df this splendid teacher, 
profound student, and man of noblest character. 

The face of Dr. Barker was quite familiar to men of science, both in 
this country and abroad, as he made it a point, when at all possible, to 
meet together with his fellows in science, thereby endearing himself to a 
wide circle of sympathetic friends, who, in recent years, have keenly felt 



his absence from their meetings, and were, indeed, shocked when the 
message of his death was announced. It was my privilege to meet Dr. 
Barker daily for many years, not so intimately at first, but later with the 
greatest freedom, and in true companionship. The impression made by 
him, at all times, was that of an earnest student of science, thoroughly 
conversant with its most recent advances and able, in a marked degree, 
to render what ordinarily seemed dry and unattractive, but extremely im- 
portant, so simple and so fascinating, that the most ordinary layman might 
comprehend with ease. His lectures to students were celebrated for 
their clarity of presentation, as well as for their wide scope. He de- 
lighted in experiments, and one of his chief joys was to illustrate his 
lectures, as far as possible, with an abundance of attractive and striking 
experiments. The most intricate topics were presented before large 
audiences, reaching sometimes into the thousands, concisely and clearly, 
and so brilliant were his successes that he became noted throughout the 
country as one capable of popularizing science as few could do it. The 
writer recalls an occasion in his younger days, when the Academy of 
Music in Philadelphia was filled to its dome with an intensely interested 
and intelligent audience assembled to listen to Dr. Barker’s lecture on 
“Sound,” and, while seated in the “ sky parlor” of the immense auditorium, 
enjoying the discomforts peculiar to his altitude at the moment, so in- 
tensely absorbing was the lecture and its experiments that at the con- 
clusion it was difficult for him to realize that he had actually sat there 
more than an hour as an auditor. 

As previously remarked, Dr. Barker’s interest in his fellow men won for 
him hosts of friends, among whom were a number of the most eminent 
scientists of his day. Gladly did they present him with mementoes of 
their friendship, which he carefully cherished and joyfully exhibited to 
friends and students upon all proper occasions. In all gatherings he was 
a central figure. His affability and his courtesy were marked char- 
acteristics. 

He was most deeply esteemed in the community where he lived by 
persons of all ranks. For a number of years he served on the Board of 
Education in the city of Philadelphia, and there exerted an influence 
which was entirely for the good, and never to be forgotten. 

As a teacher he was painstaking in the presentation of his subject. 
It was a matter of conscience with him to have his students grasp and 
understand the problems he placed before them. He would go to any 
trouble to make abstruse points clear, and while at times he seemed to 
demand almost too much and be a bit brusque, yet no earnest student 
was ever turned away. The sincerity of the inquirer always led him to 
cast aside time, labor and comfort. Indeed, he was the true teacher, 
whose sole object was the welfare of those whom he taught. 



At various times he appeared as an expert in scientific matters, and in 
this field further demonstrated his spirit of careful investigation, and 
absolute integrity and loyalty, as well as ability to be just and fair to all. 
Many of the cases involved the highest scientific knowledge and accuracy, 
which were abundantly supplied by him. 

By his colleagues in the teaching staff of the University of Pennsylvania, 
he was most highly esteemed. His services were constantly engaged 
upon committees, and those who worked with him in such duties enter- 
tained but one impression, to wit, that he was capable of handling the 
most intricate and perpl^ring problems with fairness, calmness and the 
best judgment. Indeed, it was a pleasure to be associated with him in 
work of this description. As a younger colleague, who profited so much 
by association with Dr. Barker, 1 cheerfully record my indebtedness to 
him for the most hearty cooperation and for his many helpful suggestions 
in the solution of the problems which fell to me. Dr. Barker was ab- 
solutely free from many of the littlenesses of character which so often 
mar the record of men of science and scholarship. It was a pleasure to 
place before him any little piece of work that one might be doing, for his 
mind was ever alert and open to new things, while he was always ready 
with an encouraging word or helpful suggestion. 

His early academic training was received in the Boston Public Schools, 
and at the Academy in South Berwick, Maine. He further served an 
apprenticeship with Joseph Weightman- a maker of scientific apparatus, 
going thence to Yale where he was assistant in chemistry before gradua- 
tion from the Sheffield Scientific School of that University in the year 
1858. He was deeply attached to his Alma Mater, and invariably spoke 
in the highest praise of his early teachers. Indeed, for some of them his 
regard verged upon worship. His serious student days had, however, 
a bit of the modern in them, for if the writer remembers correctly, he was 
a member of the 'Varsity crew in the year of his graduation. Some years 
later in the autumn of 1869 he became Professor of Physiological Chem- 
istry and Toxicology in the Medical School. Indeed, the chair was 
created for him. During this period, he served as expert for the State in 
several poison cases, the most noted being the Lydia Sherman case in 
New Haven. While lending to his colleagues such assistance as was 
possible, he was active scientifically. Thus, the American Journal 0} 
Science , 43, 252, second .series, contains a brief article ‘'Upon the Silver- 
ing of Glass,” which is a modification of a suggestion of Bottger. 

Again, there appeared an article entitled “Account of the Casting of a 
Gigantic (Rodman) Gun at Fort Pitt Foundry,” Am. J. Set ., 37, 296 
(1863), which is really a letter from Dr. Barker to the editors of the journal 
upon a topic which, at the time, was attracting much attention. 

A most interesting contribution is made, in the same journal (second 
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series, 44, 263 (1867)), by Dr. Barker in support of the view that formic 
acid is carbonous acid. He believed this to be true because of the ready 
formation of formic add by the partial oxidation of carbon, and also 
because it resulted from the reduction of carbonic acid. For these reasons 
he further concluded that formic add was the acid of bivalent carbon. 

Shortly after he contributed an extended communication “On Normal 
and Derived Acids,” Aw. /. Sci., second series, 44, 384. He endeavored 
in this to aid in the establishment of a rational nomenclature. 

In 1870 appeared his text-book of “Elementary Chemistry, Theo- 
retical and Inorganic,” which ran through many editions as well as trans- 
lations into other languages and was the first book in our language wherein 
modem chemistry is presented systematically. The style of the book, 
as so many can testify from its study, is concise and clear. Wolcott 
Gibbs spoke of it as “a book wholly in the spirit of the most advanced 
thought in the science,” but it may be added that Dr. Gibbs took some 
exception to the nomenclature employed by Dr. Barker, for he said that 

“such terms as potassium chlorate, calcium phosphate, etc., are, 

to say the least, of doubtful etymological propriety, and we greatly pre- 
fer the adjective form — potassic chlorate, calcic phosphate, etc.” 

A translation of Meissner’s “Researches upon Electrolyzed Oxygen,” 
was published by him in the Aw. J. Sci., second series, 1, 213. 

During his sojourn at New Haven, he contributed a note “On the 
Spectrum of an Aurora which Appeared at New Haven, November 9, 
1871.” The point of particular interest in this observation was the fact 
that the line of wave length, 502, was not laid down in any authority 
accessible to the observer, as having been noted in the aurora spectrum. 
He adds: “Indeed, no previous observer, so far as I know, has seen any 
auroral line between the Frauenhofer lines b and F” (Arner. /. Sci, t 
third series, 2 f 465 (1871)). 

Some time later, he presented a second contribution “ On the Spectrum 
of an Aurora of October 14, 1872.” This aurora, like the one observed in 
1871, was distinguished by its radiant crimson color, and by its form. 
Dr. Barker remarks that in the lines that appeared in the spectrum, 
none were new, though no previous observer had seen all of them at once. 
Vogel had seen five, and four had been seen by Dr. Barker. Two of the 
lines coincided nearly with the solar lines F and G, but a considerable 
difference was observed between the spectrum of this aurora and that of 
1871, for three lines of the aurora of 1872 had no corresponding lines in 
the spectrum of the aurora of 1871. 

Dr, Barker was assistant to Dr. Bacon in the Harvard Medical School 
from 1859-1861; Professor of Chemistry in Wheaton College, Illinois, 
1861; then in the Albany Medical College, where he won the degree of 
Doctor of Medicine (1862-1863), making while there a chemical examina- 



tion of the viscera of a dead body, the first time this had ever been done 
in this country ; next, in the University of Pittsburg (1863); he also de- 
livered the lectures on chemistry at Williams College in the years 1868 
and 1869, and after service in his Alma Mater, to which reference has 
already been made, he became Professor of Physics in the University of 
Pennsylvania (1872) where the remainder of his life was spent. At this 
period he published a contribution of considerable length, with illustra- 
tions, on “A New Vertical Lantern Galvanometer,” in which claim is 
made for the general principles of construction of the instrument, and the 
advantages possessed by it in the readiness with which it could be put into 
use, the brilliancy of the illuminated circle of light which it gave upon the 
screen, its great range of delicacy by which all experimental require- 
ments might be answered, and, finally, the satisfactory character of its 
performance as a demonstration galvanometer ( Proc . Amer. Phil. Soc ., 
14, 440). 

This was followed by a communication '‘On the Measurement of Elec- 
tromotive Force” (Proc. Amer. Phil . Soc., 20, 649) in which he described 
a form of Daniel cell in which the zinc sulphate and copper sulphate 
solutions were kept separate by closing a stopcock when the cell was not 
in use. 

In 1880, before the American Association for the Advancement of 
Science, at its Boston meeting, Dr. Barker, as retiring president, de- 
livered an address upon “Some Modern Aspects of the Life-Question.” 

In following the career of our friend there is plainly seen a versatility 
on his part, as well as a keen interest for other branches of science than 
that one to which he gave the best years of his life. Thus, he is found a 
member of an expedition to Rawlings, Wyoming, for the purpose of 
reporting “On the Total Solar Eclipse of July 29, 1S78.” His particular 
duty was to observe with an analyzing spectroscope the presence, either, 
of light or of dark (Fraeunhofer) lines in the spectrum of the corona. 

Again, in connection with Professor Rowland, he reported “On the 
Efficiency of Edison’s Electric Light” (Am. J. Sci., third series, 19, 
337). Dr. Barker was the first to exhibit radium in this country (1899), 
after its isolation by Madam Curie in Paris, and radioactivity appealed 
so strongly to him, that it is not surprising to find “Radioactivity of 
Thorium Minerals” in the Am. J. Sci., fourth series, 16, 161. In this 
communication, the author introduces a number of original observations. 

A very instructive address upon “Radioactivity in Chemistry” was 
delivered by Dr. Barker before the Chemical Society of Columbia Uni- 
versity. It appeared in full in the School of Mines Quarterly , 24, 267. 
It has historical value, and will prove extremely helpful to all wishing to 
familiarize themselves with the subject, It is accompanied with bibliog- 



raphies covering go titles by the most prominent investigators in this 
particular field of research. 

In 1899, Harper and Bros, issued a small volume of 75 octavo pages on 
“Rdntgen Rays 0 in which are incorporated memoirs by Rdntgen, Stokes, 
and J. J. Thompson, translated and edited by Dr. Barker. 

On the 27th of May, 1893, the American Philosophical Society cele- 
brated the 150th anniversary of its foundation, on which occasion Dr. 
Barker offered a paper on “Electrical Progress since 1743.” This paper 
is a review of the advances in electricity, since that early date, emphasizing 
in particular the contributions to electrical science by such persons as the 
immortal founder of the Society, Benjamin Franklin, and by Kinnersley, 
Robert Hare, Joseph Henry, Joseph Saxton, David Rittenhouse and Alex- 
ander D. Bache. “ The labors of these men have mightily contributed to 
advance the development of scientific thought throughout the world, 
and so to bring about that exceptional evolution of electrical facts and 
theories which is the distinguishing feature of the science of the nineteenth 
century. This little brochure is indeed worthy of study by every student 
of the physical sciences. It contains an appendix showing a list of ninety- 
three papers on “Electricity and Magnetism, 0 published by the American 
Philosophical Society. 

Still other communications of Dr. Barker are “Off the Henry Draper 
Memorial Photographs of Stellar Spectra (Am. Phil. Soc ., 24, 166); 
“On the Use of Carbon Bisulphide in Prisms 0 (Am. J. Sci. , third series, 
29, 269), in which article there is presented to the public the observations 
of his friend, Dr. Henry Draper, taken from the notes of the latter after 
his death; and “The Microphone of Hughes 0 (Am. J. Set., third series, 
16, 60), in which Dr. Barker takes occasion to say that the results ob- 
tained by Hughes had been clearly anticipated by more than a year by 
those of Edison. His argument, throughout, is in support of Edison's 
apparatus, and there is frequent demonstration of its superiority over 
that of Hughes. 

Biographical memoirs of Frederick Augustus Genth, of Henry Draper, 
of John William Draper, and of M. Carey Lea were written for the National 
Academy by Dr. Barker, and he also prepared for the Smithsonian In- 
stitution annual reports upon physics from the year 1881 to 1885, in- 
clusive. These amount to 253 pages and represent the most recent 
advances in the science during these years. 

From 1868-1900 he was Assistant Editor of the American Journal of 
Science. In 1874-75 he was Editor of the Journal of the Franklin In- 
stitute. 

In 1892 appeared his “Physics, Advanced Course 1 * from the press of 
Henry Holt and Company, which immediately met with a most hearty 



reception and became a standard among the text-books on this most im- 
portant subject. 

It follows naturally that to one so active in the scientific world, there 
should be awarded numerous honors. Thus, in 1881, Dr. Barker was 
United States Commissioner to the Paris Electrical Exhibit, a delegate 
to the Electrical Congress, and Vice-President of the Jury of Awards, 
receiving the decoration of Commander of the Legion of Honor in France; 
in 1884, he was United States Commissioner to the Electrical Exhibit in 
Philadelphia; and in 1893, a member of the Jury of Awards of the World’s 
Columbian Exposition. He was an active member of the National 
Academy of Sciences, serving on many of its important committees, and 
also of the American Association for the Advancement of Science, of 
which he was Vice-President twice, delivering on one of these occasions 
an address on “The Molecule and the Atom,” a most valuable contribu- 
tion to theoretical chemistry, and President in 1879. He was a corre- 
sponding member of the British Association. He was President of the 
American Chemical Society ( 1 89 1) , the subject of his presidential address be- 
ing “The Borderland between Physics and Chemistry.” He was secretary 
and later a vice-president of the American Philosophical Society from 
1899 until 1909. He was a member of the Physical Society and of the 
Deutsche chemische Gesellschaft. In 1899 he became an honorary 
member of the Royal Institute of Great Britain. 

He was the recipient of the following academic honors: Doctor of 
Science from the University of Pennsylvania in 1898; LL.D. from Alle- 
gheny College in 1898; and LL.D. from McGill University in 1900. 

He became Emeritus Professor of Physics in the University of Pennsyl- 
vania in 1900. He was a member of the Century Club of New York and 
of the University Club of Washington. 

In 1861, Dr. Barker was married to Mary M. Treadway, of New Haven, 
Conn., who, with three daughters, survives this devoted and loving 
husband and father. 

Dr. Barker was bom at Charlestown, Mass., July 14, 1835, and died at 
Philadelphia upon May 24, 1910. 

His was a beautiful life, so full of service to his fellow men and so rich 
in its achievements, that it will ever remain a most precious memory to 
his many friends. Edgar F. Smith. 
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WILLARD GIBBS MEDAL. 

Owing to the generosity of Mr. W. A. Converse the Chicago Section 
has established a Gold Medal known as the Willard Gibbs Medal to be 
awarded annually according to the following regulations transmitted by 
A. L. Nehls secretary. 

RULES FOR THE AWARD OF THE WILLARD GIBBS MEDAL FOUNDED BY 

WM. A. CONVERSE. 

I. A Gold Medal shall be awarded annually for the best paper or ad- 
dress presented before the Chicago Section of the American Chemical 
Society, provided it be of sufficient merit. This medal shall be known 
as the Willard Gibbs Medal, founded by Wm. A. Converse. The award 
may be made to any one, provided he be a member of the American 
Chemical Society at the time the paper or address was delivered, and 
provided it is eligible under the following conditions: 

(a) The Medal shall be awarded at the November meeting of the Chicago 
Section for a paper or address delivered before the Section between Septem- 
ber ist of the previous year and July ist of the year of the award. The 
first medal shall be awarded in November, 1911. 

(b) The paper or address shall be complete in itself, shall be presented 
by the author, and shall not have been read or published previously. 
To be considered for the award a typewritten copy ofrihe paper or address 
shall be submitted to the jury, through the Chairman of the Section. 

(c) It is desired that the paper or address, if suitable, be published in 
one of the publications of the American Chemical-Society. 

II. The jury to determine the award of the Medal shall consist of the 
Chairman of the Chicago Section at the time the award is made, who 
shall, ex-officio, be Chairman of the Jury, and four other members of the 
Section duly elected by it. 

III. The Executive Committee of the Chicago Section shall have the 
power to decide any question not specifically covered by these rules. 

IV. The Chicago Section shall have the power to change or amend 
these rules under the same conditions and in the same manner as the 
by-laws of the Section. 



Ifstted with the November Netnber, 1910. 


Proceedings. 

? Division of agricultural and food chemistry. 

Mr. H. E. Barnard, Food and Drug Commissioner and State Chemist 
of Indiana, has been elected by the Executive Committee to fill out the 
unexpired term of Chairman C. D. Woods, resigned. 

B. E. Curry, Secretary . 


COUNCIL. 

Members Elected between September 15TH and October 15TH, 1910. 
Ashley, Myron B., Mancelona, Mich. 

Avon, Hans, Philippine Medical School, Manila, P. I. 

Barbey, Jacob W., 1180 Jos. Campan Ave., Detroit, Mich. 

Burleson, H. L , Belvedere, Calif. 

Chase, A. Nelson, Barksdale, Wis. 

Gaff, Thomas T., 1520 20th St., Washington, D. C. 

Gardner, Daniel, Institute of Emperor Nicholas 1 , St. Petersburg, Russia. 
Grab, Eugene G., Custom House, Nashville, Tenn. 

Hawkes, Frank E., So. Framingham, Mass. 

Hogg, Elton M., Saratoga. Calif. 

Higgins, Wilton A., Shawinigan Falls, Que., Canada. 

Holden, R. F., 2322 So. Compton Ave., St. Louis, Mo. * 

Jacobs, Paul Burke, Thomas, W. Virginia. 

James Pyle & Sons, Edgcwatcr, N. J. 

Johnson, Harold S., 3359 Wabash Ave., Chicago, 111 . 

Loomis, Howard, Brookings, So. Dakota. 

Malowan, G., 515 North Clark St., Chicago, 111 . 

Moe, J. A., 528 E. Clay St., Portland, O. 

Morris, Clinton, Goodrich, Tenn. 

Neff, Byron D., Indianapolis, Ind. 

Noble, Edw r ard W., Winston-Salem, No. Car. 

Peterson, Andrew P., 1728 4U1 St., S. E., Minneapolis, Minn. 

Pullar, H. B., 7323 Woodlawn Ave., Chicago, 111 . 

Robinson, Samuel R., 1055 Dillon Ave., Coraopolis, Pa. 

Rogers, L. Joslyn, 381 College St., Toronto, Ont., Canada. 

Stacy, E. E., Tuscola, 111 . 

Sydnor, Leslie W., Carbon, West Virginia. 

Terry, Ethel M., 6042 Engleside Ave., Chicago, 111 . 

Traut, Carl E., 86 Cherry St., Battle Creek, Mich. 

Tritsch, Dr. Walter, c/o Tungsten Lamp Co., Hamilton, Ont., Canada. 
Weaver, Elmer R. } Raisin, Calif. 

Whittaker, H. A., Lab’y Minn. State Board of Health, Minneapolis, 
Minn. 


BOARD OF DIRECTORS. 

The Directors of the American Chemical Society met at 3.00 p.m., 
October 8th, at the Chemists’ Club, New York City. All members present. 
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It was voted that beginning with the January number, 191 1, of the 
Journal of Industrial and Engineering Chemistry , the body of the journal 
be printed in nine (9) point type, and that notes, patents, etc*, in the end 
of the Journal be continued in eight (8) point type as heretofore. 

It was voted to transfer $550.00 from General Meetings' account, 
and credit $400.00 to back number account and $150.00 to Secretary’s 
expense account. 

Mr. Harvey F. Mack was appointed advertising agent for the journals 
of the Society, and the officers of the Society were authorized to sign a 
contract with him, details of which were carefully considered and ap- 
proved by the Directors. 

It was voted that the existing rates of advertisements be approved, 
and that the advertising agent be allowed to give 10 per cent, discount 
to publishers who advertise in our journals and 2 per cent, to any adver- 
tiser for cash. 

It was voted that hereafter free advertisements allowed to members 
seeking employment be limited to yi in. space and two insertions, and that 
extra space or extra insertions be paid for at regular advertising rates. 

It was voted that $400.00 additional .be appropriated to Abstractors’ 
account of Chemical Abstracts. 

The meeting then adjourned. 

Charles L. Parsons, Secretary . 


MEETINGS OF THE SECTIONS. 

[Full accounts of all meetings should be sent to Secretary Charles L. Parsons, Dur- 
ham, N. H.] 

CHICACO SECTION. 

The September meeting was held at the City Club, Friday, September 
23rd. 

The program for the evening was “Milk:” (1) “Toxicity of Milk and 
Milk Serum,” Dr. Edward Gudeman; (2) “Cost of Production of Milk,” 
J. P. Grier, Secretary Chicago Milk Producers’ Association; (3) “Cost 
of Distribution of Milk,” Dr. H. R. Ryder, Borden’s Condensed Milk Co.; 
(4) “Condition of the Chicago Milk Supply,” D. T. Gunning, Assistant 
State Chemist. 

The discussion was led by J. B. Newman, Assistant State Food and 
Dairy Commissioner. 

Members of the Section held the usual informal dinner before the meet- 

A. L, Nbhls, Secretary, 
SECTION OE EASTERN NEW YORK. 

The September meeting was held in the Union College Chemical Lecture 
Room, Friday evening, Sept. 23rd, at 8 o’clock. The following program 
was presented : 
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